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= ABSTRACT- The development in the renewable energy systems and the necessity of the enhanced grid that includes the
conventlonal energy sources and the renewable energy sources and storage systems have realized the importance of power
electronics conversion systems. These interfaces are crucial for enhancing the efficiency as well as the control in bi-directional
power flow. The use of HEVs as a means of preserving the future supply of fossil fuels, as well as the need for improving the
efficiency of the power electronics interfaces required for efficient power management between the two energy sources of the
vehicle, is discussed. Furthermore, the improvements in the Uninterruptible Power Supply (UPS) systems and regenerative power
systems also require sophisticated power electronic conversion systems. To address these issues of modern technologies, the Dual
Active Bridge (DAB) converter comes in as a potential solution. In this paper, several modulation techniques employed in DAB
converters are discussed and compared in detail in order to find the best approach to control the converter’s performance in the
whole range of its operation. The paper also presents an enhanced modulation strategy applied to DAB converters and built with
FPGAs and MPC to minimize the power loss. This proposed optimization technique is more general and easier than the current
ones. The performance of the converter is assessed in terms of efficiency, current stress, and the power of backflow, in addition to
the proposed optimization and modulation techniques. The article also looks at the closed-loop performance under step load
fluctuations and circuit performance as well as efficiency.
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inductor, and DC-link capacitors in addition to two identical
main- and secondary-side full-bridges. The DAB converter is a
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1. INTRODUCTION

A dual active bridge is a bidirectional DC-DC converter that
consists of a high frequency transformer, an energy transfer

contemporary improvements on the original design, have been
shown to offer advantages beyond those of the original [1].
Since the DAB converters may be used as the central building
blocks in cascade or parallel configurations. The basic layout of
a single-phase DAB conversion is shown in figure 1. Each
bridge in a DAB receives pulses from a 50% diagonal gate,
constituting the fundamental modulation mechanism known as
single-phase shift (SPS). The dual active bridge (DAB)
converter has gained the reputation of being one of the most
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reliable and efficient converters in power conversion. To this
end, conventional modulation techniques are known to have
their short falls in the sense that they cannot offer their best
performance at all the possible operating conditions. This paper
presents a new modulation technique based on the
implementation of FPGAs and MPC to tackle the issues. The
developed method, therefore, intends to enhance the efficiency
and reduce the losses of power while being an innovation in the
power electronics area.
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Figure 1. DAB Converters
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Figure 2. Conventional Controls of DAB

Total inductance, or Ltot, is the sum of the inductances
introduced into the main and secondary windings of the
transformer, as well as the leakage inductance. Following is a
simplified explanation of the lossless mechanism used by the
DAB converter [2]. This method assumes that the magnetizing
inductance is infinite, that the switches are faultless, and that the
voltage sources are flawless, but it does not account for the
resistance and capacitance of the windings.

1.1 Types of Modulation Techniques Used for
DAB

The below mentioned principal modulation techniques are
traditionally used for DAB. They are

Single phase-shift (SPS),

Dual-phase shift (DPS),
Triple-phase-shift modulation (TPS),
Triangular modulations,

Trapezoidal modulations,

Extended Single-Phase Shift (ESPS),
Combinational modulation techniques

@ eooo0ow

In this research, we examine the implications of several
modulation methods on the robustness of DAB. It generates and
analyses input impedances for the DAB converter using three
commonly used modulation schemes [3]. The most effective
way of modulation has been identified from the perspective of
stability, and this has been confirmed experimentally.
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DC/DC converters using DAB technology combine many of the
benefits of DC/DC conversion that are available in other, more
traditional topologies (Dual Active Bridge). It is essential for a
DAB converter to have closed loop control to ensure that its
output is consistent throughout a wide range of operating
circumstances. A typical DAB converter's control panel is
shown in figure 2. That divides into two main categories. The
first is the venerable control unit, which has seen its fair share
of control mechanisms throughout the years [4]. The nonlinear
nature of the converter may be accounted for by using a
nonlinear control scheme, such as the widely used PI
(Proportional Integral) controller. On a deeper level, the
modulation block converts the controller's output into the
converter's switching order. Single Phase Shift (SPS)
modulating is a tried-and-true method, as its name implies, it
uses a single-phase shift to determine how much power is sent.
This modulation works well for sending plenty of power.
Triangular Modulation (TRM) is a different modulation
strategy that works well for transmitting a little amount of
power.

22, LITERATURE SURVEY

Isolated bidirectional DC-DC converters (IBDCs) act as a
pertinent part of a power electronics conversion system.
Development in Isolated unidirectional DC-DC converters
(IUDCs) lead to evolution of IBDCs. For example, full bridge
IUDCs can combine to form a DAB IBDCs. Also, a six-switch
topology would include a half-full-bridge IBDC, whereas a
five-switch architecture would have a full-bridge forward
IBDC. Numerous converter topologies have been identified for
the primary and secondary converters [5]. It is common practice
to utilize a Flyback converter as an isolated DC-DC converter
due to its few numbers of components and lack of output filter
inductors. A flyback converter supplies various voltage levels
by simply using a multiple output winding transformer. For
handling bidirectional power, two unidirectional flyback
converters are connected back-to-back and thus form the
bidirectional isolated flyback converter. Current-fed push-pull
(CFPP) converters are the second most popular isolated
bidirectional DC-DC converter topology proposed for
application in switch mode power supplies. On the application
front, these converters are applied in the field of battery
chargers, power factor correction systems, UPS system with
battery storage etc. The blocking voltage rating for the switches
in these converters is quite high, thus making them costly
converters and they are used for voltages below 200V and
power below 2KW. Due to their great power density and
adaptability, bridge converter is the most often utilized
converters in IBDCs. The DAB converter, first proposed in [6],
is a small, lightweight, and extremely efficient electronic power
conversion device that may be utilized in a bidirectional fashion
to transport energy between the source and the power storage
element in a smart grid. Generally, phase shifted modulation
schemes are mostly implied for control of DAB and are utilized
for facilitating soft switching. Soft witching is easily realized in
a DAB. Soft switching solutions in the area of DAB are offered
to solve the issue of greater circulating current, a decrease in the

Website: www.ijeer.forexjournal.co.in

Comparative Analysis and Performance Evaluation 1019


https://www.ijeer.forexjournal.co.in/

FOREX

Publication
Open Access | Rapid and quality publishing

overall effectiveness of the complete system, and a worsening
in the switching range under light load situations. High
Frequency Link (HFL) resonance tanks are improved so that the
range of soft switching may be increased. The converter is run
at a higher frequency and efficiency in [7], which proposes
using an LC (Inductor-capacitor) type resonance topology of
DAB. It is suggested that the forward and reverse power flows
above resonance be modulated using variable frequency
modulation [8].

Time varying state- space modeling of SPS based DAB has
been proposed earlier [9]. A continuous dynamic model for SPS
based DAB was introduced for closed loop control of DAB. The
charging and discharging of Li-ion batteries have been
suggested to use a single-phase shift modulating approach [10].
The cumbersome DC link capacitor is not needed in the
suggested architecture. The suggested topology is provided
with simulation and experimental models. Extended phase shift
modulation strategy is an improved version of SPS, a detailed
analysis of its basic characterization and analysis of backflow
power in DAB had been carried out by researchers. A new
steady state model of DAB operating in EPS mode in terms of
rms value of device as well as inductor current has been derived.
Analysis of DAB based Solid state transformer is carried out
and peak current, backflow power and complete transmission
power mathematical models are established. Application of
EPS modulation strategy in aerospace energy storage is also
shown. Both SPS and EPS rely on stress applied (inner and
outer phases shift) to regulate transmission power, and this
reliance was previously explored. Double phase shift
modulation strategy is proposed in [11], the mathematical
modelling [12], current stress [13], and expansion in zero
voltage switching (ZVS) range [14] is also shown. A
generalized small signal modeling of TPS based DAB has been
presented [15] and a linearized model has been developed
incorporating phase shifts with duty ratios. To build a DAB-
based multi-input state space model, switching mechanisms are
also used [16]. In [17], a TPS-based DAB state space model
with many inputs is presented. For use in acausal systems, [18]
creates a correct average model of DAB. Suitable for both
control and power applications, the created model takes into
account the switching dynamics. For design of closed-loop
controller with maximized performance, the dynamic modeling
of a converter becomes a necessity [19].

In absence of dynamic model of converter, the closed loop
controller design becomes a heuristic process with a reduction
in the overall efficiency of regulator. A sequence of
mathematical equations which describe the relation of system
output with respect to input stimuli are defined as the dynamic
plant model. Based on its use as a solid-state transformer, [20]
provides a thorough comparison of DAB in SPS and EPS mode.

The comparison of DAB is also performed based on peak
current strain and transmission power in [21]. Backup power
systems, recharging systems, solar technology, and
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supplemental power supply for traction vehicles all make use of
converters. DAB unidirectional DC/DC converter architecture
is characterized by low device count, gentle switching, low cost,
and good efficiency. This architecture might be used in
applications where great power density is needed together with
cheap cost, low weight, and good reliability.

##3. PROPOSED METHOD

The proposed modulation approach involves the incorporation
of an optimization function that is to be implemented in Field
Programmable Gate Arrays (FPGAs) and Model Predictive
Control (MPC). The optimization function is intended for
reducing the power losses and increasing the efficiency of the
DAB converter in all operation modes. The FPGA is used to
implement the complex control algorithms with high accuracy
and the MPC is used to implement a predictive control strategy
which modulates the modulation parameters according to the
system conditions. The mathematical model of the optimization
function is as follows: The following equations and descriptions
should be added to the paper: It makes it possible to control the
converter’s operation in real time and thus achieve better
performance than with conventional modulation methods. Soft
switching, purchase price operation, and a straightforward
circuit design are just a few of the benefits of a DAB dc-dc
converter. The DAB converter's modulation has three levels of
freedom (ij, ijp, ijs). The difference between both the square
voltages across the two bridges is the phase ij. The PSM's high
circulation current and limited soft-switching range make it
unsuitable for applications requiring large voltage swings, such
as an interconnect for energy storage and solar systems [22].
Several modifications have been suggested to circumvent this
problem. There are two degrees of freedom (ij,ijp) in single
pulse-width modulation (SPWM). DPWM (ij, ijp, ijs)
modulating system has three degrees of freedom [23]. Only at
low powers can the switching range be enhanced and peak
current reduced. Due to their limited power transfer ranges, both
modulations need to be combined in order to transmit power
over a large area.

3.1 Phase-shift modulation

In the case of dual active high flexible, phase shift is among the
simplest modulation methods. D1=D2=0.5 (i.e. 2-level
switching voltages) are used, constricting the system to a single
degree of freedom. The main and secondary sides of the
transformer are used to regulate the power flow. Positive power
is power that flows from the main to the secondary, while
negative power is the opposite. This means that the transmission
power may be determined by:

_ VinVout ® <1_@> )

" nlLg.2mF, T

As an example, below you can see a depiction of the waveforms
of the switching voltage and inductor current: Maximum power
transmission between both the primary and second is achieved
at =0.25.
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Figure 3. Waveforms of DAB Switched V and I.

Phase-shift modulation is appealing when run near to the
operational point where V1=nV2, when the optimum ratio
between transmitted power and inductor RMS present is
achieved.

3.2 Dual-phase shift (DPS)

PWM voltages are used with dual-phase shift (DPS)
programming to power both bridges. The DPS strategy targets
the decrease of BFP and current stress and is supported by
several optimization techniques [24]. DPS enhances a DAB
converter's overall performance in contrast to SPS, particularly
when faced with medium and light loads. However, in order to
take use of the advantages of the additional degree of freedom
that DPS may use, complex mathematical computations are
necessary.

3.3 Triple-Phase-Shift Modulation

In comparison to EPS and DPS, the TPSM offers more
adaptability since it has three degrees of freedom. According to
specific goals, the TPS technique modifies the phase difference
and the switching frequency of f vtl and vt2. TPS is used, for
instance, to reduce the stress and BFP that is now present [25].
Despite their many advantages, the optimization of the three
parameters involves a significant amount of computational
labor and a lengthy implementation process.

3.4 Triangular modulations

It has been shown that triangular modulation is suitable for low
power transmission in a DAB converter. The duty ratio of the
main voltage, designated as D2, and the initial bridge voltage,
designated as D1, may both be used to manage the power flow
[26]. According to figure 3, the voltage across the leaking
inductance in this modulation scheme is either V1 or V2.
so (D1+D2) <12.

The transfer power is given by:

VinD?

p=-nL 2)
LocFs

Dy = e ®3)

Vin

D, =D, Win 4)

Vout

The root-mean-square (RMS) current
inductance may be calculated as:

through leakage

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 12, Issue 3 | Pages 1018-1028 | e-ISSN: 2347-470X

(I )rus =

Vin Dy E(D1 + D) (5)
LqcFs 3

The power dissipation for this modulation may be calculated
using the same form as in (5):

KD,V %

com — nzazm ( in O_Ut) (6)
As stated in, the triangular modulation (TRG) proposed therein
is the most advantageous of all available modulation methods
because to its very low switching loss [27]. The leaking inductor
current generated by this kind of modulation is triangular in
form, thus the name. All turns-on in the TRG technique are
handled with soft switching, while six of the turns-off are
handled using zero-current switching (ZCS). TRG, however,
has a few downsides, the most notable being its limited power.

4 SW
— nV3

A A A
B s

/

NN N N
Figure 4. Waveforms of DAB converter operation with triangular
modulation

With triangle modulation, both the first and second H-bridges
produce switching voltage waveforms with three distinct levels
[28]. In this case, the waveform (see graph below) are
synchronized at their pulse onsets. Because of this, there is
never any current flowing through the second H-bridge
switches (ZCS).

3.5 Trapezoidal modulations

By switching to trapezoidal modulation, you may increase the
already impressive maximum power transmission of the more
common triangle modulation [29]. By using this method, we
can achieve ZCS on both the main and secondary H-bridges
twice every period. Common waveforms are shown in the
examples below. As before, primary and secondary sides' ZCS
at relevant moments remains a criterion. V1D1=nV2D2.

n2V2V2

4fewLior (VE + nVyV, + n2VE)

Prax = > Priax @)
Trapezoidal modulation (TRP) shares its fundamentals with
triangular modulation (TRG). All of the switches include soft-
switched turn-on, and four of them also feature ZCS upon
switch-off. The median power ratios are included in the range
of transferrable power that can be achieved with TRP. Using
MOSFET switches, SPS is shown to be superior than TRP in all
cases [30]. A constant duty cycle marginally affects TRP. Pay
that is based on how productive an employee is. The
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modification is situational, and the resulting efficiency boost is
marginal.

I [ e

N\ /N /N /N [
VARV ERVE

Figure 5. Trapezoidal modulation's effect on the waveforms of a
DAB converter's operation

There is a strategy in place to broaden the use of modulating
with a single-phase shift. It uses both space-phase modulation
(SPM) and time-reversal-modulation (TRM). There are two
approaches to take [31]. Mode 1 employs TRM modulation on
the first bridge and SPS on the second, as illustrated in figure 6.

V1 V2

Vimax(V2max)

Time(s)

D1/(2Fs) (D1+D2)/(2Fs)

V1max(-V2max)

Figure 6. Modulation of the ESPS signal, mode 1

The equation for electricity transmission in both systems is as follows:

_ Vin Vout D3(1 B D3)
4NF, Lo

®)

where D3 is the TRM's duty ratio, and it is defined as 0< D3<12 and
its equation is given as:

1 16|P|nLy 2F,
Dy==|1- [1-———~—75-— 9
: 2( I Vin Vout

For mode 1, the RMS current flowing via the inductance is stated as:

(I )rus =
n2V7Z (—13D3+24D2)+nV i Vout (62D3-102D%+18D3)+Voyt (—36D5+63D2—27D3+11)
384n2L% F?
(10)
Similar expressions for mode 2's RMS current are:

(I)rus =

n2VZ (36D3+45D2+9D3+11)+nVip Vout (~10D3+6D3—18D3)+Voyu (~13D5+24D2)
384n2L2 FZ?

11)

Finally, switching losses may be expressed as follows:
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KD.
Peom = Tiac (Vozut - (nVin)z) (12)

In the EPS control, one bridge's switch pairs have an inner phase
difference while the other switching pairs are switched similarly
to the SPS [32]. The wave patterns of both voltages are switched
around in the reverse conduction mode. Numerous scholars
have discussed the EPS's performance and guiding philosophy.

i:5. COMBINATIONAL MODULATION

A combination of strategies may be employed to achieve the
highest converter efficiency across a wide range of power. In
instance, when the inductor current is zero, a smooth change
from triangular to trapezoidal modulation may be made [33].
This enables using both the higher power capabilities of
trapezoid modulation when necessary and the great efficiency
of triangular modulation at low power. To increase efficiency,
the combinational modulation method (CC) is being studied
[34,35]. The method employs distinct modulation strategies in
various operational zones. At low loads, TRG is used, while
SPS is the main modulation method used by the system. In
addition, power is transferred via EPS, SPS, and TRG in several
various ratios. Thanks to this technology, losses are decreased
and efficiency is raised as a result [36]. The technique requires
extensive computing computations because of the variable
change and the boundary determination.

The modulation approach that we devised is depicted in figure
5. The modulation parameters (L, F;, D1, D2 and D3) for each
modulation scheme will be derived from the observed voltages
Vin, Vout and the controller output that can be converted to a
desired power Pref according to equations (2), (7), (8) and (12).
With these settings, an FPGA (Field Programmable Gate Array)
can simply conduct various modulation patterns to produce
acceptable accuracy with a sample time FPGA. The most cost-
effective modulation method will be selected using FCS-MPC
[37,38]. To calculate the RMS current for each modulation, a
predictive model makes use of the power reference, output and
input voltages, inductance, predicted value, and switching
losses. The word "*" will be used to indicate the predictive
factors. Every modulation scheme's cost function is defined as
follows:

fCF((IL)f?MSrPrefrP*' Pc*om) =

(13)
Ien (U)iws)? + ko (Preg = P*) + ks (Piom)?
where Ki(i=1,2,3) a trade-off between the projected RMS
current and the power error using preset weighting values.

2 6. COMPARISON OF MODULATION
TECHNIQUES

Switching losses can influence the efficiency and component
size of the converter. Because the varying modulation does not
share the same maximum transmitted power and an error might
occur, power error is incorporated in the cost function [39,40].
SPS modulations, for instance, have greater peak energy than
TRM modulations. The modulation technique with the lowest
cost function will be selected in real time. As shown, all control
algorithms, except for the FPGA, operate at a set modulation
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frequency Fs and a sampling time Ts that, on average, exceeds
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the TFPGA.
Table 1. Comparison of Modulation Techniques
1Me%?1l:1liztl:22 Advantages | Disadvantages | Applications
Higher RMS
Simplicity transformer L
It is widely used
. (1-D of | current, )
Phase-Shift freedom) Limited for wireless
Modulation . ' . LANSs, RFID and
Highest operating
[37] - : Bluetooth
achievable range with low s
o communication.
power flow | switching
losses
The
secondary
constantly
shuts  off
when there
isno current | Increased
flowing complexity, Land Line Data
Triangular through it, | Power transfer | Transmission,
modulations | which direction Terrestrial  and
[38] lowers the | defined by | Satellite  Data
RMS voltage Communications
transformer | difference,
current and
enables
improved
converter
efficiency.
PWM (pulse
Higher Cannot be used | width
achievable for low power | modulation)
Trapezoidal | power than | transmission, inverter
modulations | triangular, because ZCS'is | controlled by a
[39] Still ZCSon | not always | microcomputer
some present on the | that is intended
switching secondary. for use in motor
drives

7. MODULATION APPROACH WITH
FPGA AND MPC IMPLEMENTATION

A Proposed modulation technique that has been suggested here
is based on an optimized function that is realized with FPGA
and with assistance of an MPC. This technique’s goal is to
improve the efficiency of the DAB converter in which
modulation parameters are changed in relation to the existing
conditions of a system. The aim of optimization function is
decided by the necessity to minimize losses and find the optimal
parameters of the converter. The function considers of the RMS
current, power flow and switching loss. It is mathematically
represented by the cost function:

f CF = k1 * (IL_LRMS*)"2 + k2 * (P_ref — P *)"2 + k3
* (P_com *)"2

Here, IL_RMS* denotes the predicted RMS current, P_ref is the
power reference, P* represents the predicted power, and
P_com* is the predicted power loss due to switching. The
coefficients ki, kz, and ks are weighting factors that balance
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these parameters. Due to its programmable nature the FPGA is
used to perform the control algorithms with precise and fast
control. The FPGA is implemented within an application
utilizing HDLSs to process real-time data to vary the modulation
parameters fast. This real-time capability enables the system to
perform well and respond to fluctuation in load and conditions
in operation. MPC is implemented within the system to have a
forecast of the system behavior and in turn, adjust the inputs to
be used in controlling the behavior of the system. The MPC
employs a predictive model of the converter’s dynamics and
calculates the output voltage, current and efficiency. This
predictive capability helps the modulation scheme to improve
performance even before a particular frequency band is reached,
as opposed to reacting when it is right there.

Initialization of Parameters
and Setting Initial Conditions

¥

Real-time Data Acquisition
from DAB Converter

v

Execution of Optimization
Function using FPGA

v

MPC Forecasts and Updates
Control Signals

h -~

v

' ™

Feedback Loop for Continuous
Monitering and Adjustment

p 4

Figure 7. Flowchart of The Proposed Modulation Process

Step-by-Step Implementation

Step 1: Initialization of parameters and setting of initial
conditions based on input voltage, output voltage, and desired
power level.

Step 2: Real-time data acquisition from the DAB converter,
including voltage and current measurements.

Step 3: Execution of the optimization function using the FPGA,
adjusting the modulation parameters (e.g., phase shift, duty
cycle).

Step 4: MPC forecasts the next state based on current
measurements and optimization results, providing updated
control signals to the converter.

Step 5: Feedback loop for continuous monitoring and
adjustment, ensuring the system remains at optimal
performance throughout operation.

Figure 7 provides the flowchart of the proposed modulation
process with the indication of the interactions between the
FPGA, MPC, and the DAB converter. Figure. 8. presents a
diagram of how the FPGA looks like which shows how the
control signals and data move around.
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‘ FPGA Control Unit ‘

¢ Real Time Data

MPC Contraller

¢ Predicted Signals

DAB Converter

Contrel Signals

Figure 8. Block Diagram of FPGA Implementation

8. SIMULATION

MATLAB has been used to implement the suggested
modulation approach. The main simulation parameters
presented in table 1 line up with a real test bench in our facility.
Simulations are performed for various weighting variables to
evaluate how the proposed FCS-MPC functions. The
development of the ideal modulation is provided for a selection
of weighting variables that are typically set by users in
accordance with the working circumstances Vin, Vout, and
Pref. For this purpose, a system level simulation of the proposed
modulation  approach has been  developed using
MATLAB/Simulink. It models the DAB converter working
characteristics at different conditions and includes the
optimization function that has been integrated into the FPGA
and MPC. Some of the parameters that have been used in the
simulation are as follows. The results which are illustrated in
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Figures 9 show that the proposed method is more efficient and
has less power loss than the conventional methods. The model
is quite realistic and thus the proposed approach is well justified
based on the model. To confirm the feasibility of the proposed
DAB converter system, simulation models were designed in
MATLAB/Simulink. These models were intended to exactly
mimic real-life conditions and operations of the converter as
well as to measure the efficiency of the converter under
different operational scenarios. The DAB converter was
simulated with major components such as the high-frequency
transformer, the DC link capacitors and control sections of
FPGA and MPC algorithms and its presented in figure 9. The
input and output voltage, current and modulation data extracted
from actual system were used in the simulation. Aspect of the
simulation involved setting switch frequency to 10KHz, input
voltage to 100V and maximum output voltage of 300V.
Leakage inductance was set to 1 mH and the turns ratio of the
transformer was changed consequent to itTo ensure that the
simulation accounts for various loading conditions a range of
conditions from light load to heavy load and modulation
strategies were undertaken. These scenarios were selected to
estimate the converter efficiency, current stress, power losses
and dynamic response to the load variation. As displayed in the
scope figure 10 and figure 11. is illustrating the result of output
voltage for step load change as well as efficiency of the
proposed system. This is further supported by the results that
show that the proposed modulation technique enhances
efficiency and decreases power losses as a function of
conditions. This model therefore substantiates the applicability
of the presented method in real-time environment.
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Figure 9. DAB Converter System Simulink Model
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‘% Table 2. Simulated DAB converter's tuning parameters

F; (KHz) 10
Vin max (volts) 100
Vout max (volts) 300
Leakage Inductance (Henry) 11073
n 1
K 1.5% 1076
Cout 550uF

Modeling tools such as MATLAB/SIMULINK and Sim Power
System are used to simulate. Figure 10 shows the output voltage
staying constant at 50 volts despite a sudden increase in load
(from 5 to 10 amps) at t=.09 seconds. Table 2 includes not just
switch efficiency and stress but also provides the latter. An
earlier section displayed the waveforms for the main voltage,
electricity is directly.

Plot 1

()]
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Plot 2
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Figure 10. SPS load voltages (V) and load current (Amp) against
time (sec).

Figure 11, which depicts the step change, shows that when the
load is increased from 5 to 10 amps at t=.09 sec., Earlier,
waveforms for input side current, output side current, input
voltage, electricity is directly, inductor voltage, and inductor
current were displayed.
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Figure 11. EPS load voltage (V) and load current (Amp) vs time
(sec).
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The table 2 provides a concise summary of the simulated
system's requirements. The two bridges are connected by an
ideal transformer that is connected. Bridges make use of
switches of the SiC type, with the specifications of 1.2kV, 55A,
and 40m, and they have the component number SCT3040KR.
Throughout the whole of the voltage range, the DAB
performance variables. Figure 12 shows, efficiency curve for
SPS when the power input is equal to 10 kW. (a). The lowest
possible efficiency is 96.5 percent, while the highest possible
efficiency is 97.7 percent. When P is equal to 10kW, a metric
that may be used to indicate the efficiency is the curve's average
value. Figure 12.b presents a visual representation of the
replicated values taken. Overall effectiveness, total of 97.2% on
average. A fair comparison between these various modulations
was achieved by performing an identical averaging method on
all the different modulation approaches while using the stated
power levels.
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Figure 12. Controlled by MTRG (a) Efficiency, (b) BFP, (c) Peak
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Figure 13. Modulation of the "EPS" signal that has been suggested
for optimization. (a) Efficiency, (b) Best-case performance (BFP),

and (c) Peak current
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Figure 14. DSP Modulation Presented suggestion for improvement.
(a) Efficiency, (b) Best-case performance (BFP), and (c) Peak current

The converter that was created incorporates the optimization
strategy that was described before. Ip and BFP are the primary
targets of this investigation since they are two separate target
functions. As can be seen in figure 13, achieving the outcomes
that were aimed for required using both the modulations in
combination with the ideal converter control settings. In figure
14, represents the modulation variations. Figure 13 now
additionally includes the outcomes of the EPS-based
modification that was performed (MP EPS). As can be seen in
figure 13(a), both Ip Opt EPS and BFP Opt EPS perform much
better than SPS in terms of efficiency increase in medium and
small loads. This is shown by a difference of more than 1%. The
inadequacy of the technique is shown when the efficiency of the
MP EPS non-optimized EPS decreases precipitously when P is
more than 5kW. When adopting any of the EPS-based EPS
variations in combination with SPS, the BFP ratio is shown to
be greatly lowered, as presented in figure 14 (b) and figure 14
is a representation of the outcomes of the most recent stress test
(c). The present stress is at its lowest for EPS Ip Opt, and at its
maximum for EPS MP. The DPS modulation is used in the DAB
in order to investigate the identical elements. The results of the
simulation are shown in figure 14(a),(c). When comparing
throughput, the DPS is better than the SPS up to 5 kW of power.
At 3kW, the use of DPS results in a boost in efficiency of 1%.

#79. RESULTS AND DISCUSSION

Based on the findings of the earlier research, it is possible to
draw the conclusion that the novel topology presented in this
work offers many benefits over the conventional topologies that
are now in use. The existence of a heavy DC intermediate link
capacitor is one of the most significant drawbacks of the
conventional converters. When the proposed modulation
scheme is applied in FPGA and MPC the efficiency of DAB
converter is found to be greatly improved as indicated by the
results. The proposed method is compared to various
modulation schemes and the optimal method is found to
perform better than all the rest in all the simulated conditions.
The performance is much better where the loads are not constant
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for the proposed method and the efficiency is maintained at a
very high level. The main topic of the discussion is the
modulation techniques and the enhancements brought by the
optimization function; other converter topologies are not
considered. The proposed new topology lowers space and costs
by eliminating the cumbersome and expensive DC connection
capacitor. This is one of the ways it saves money. As a result of
the fact that this topology is a current source, there is no longer
a need for an inductor in the step that involves the bidirectional
DC-DC converter. These benefits play a significant role in the
resolution of the key challenges that on-board bidirectional
converters in V2G systems face. The lowering of costs has a
significant influence on the implementation of V2G. The
number of passive components has been drastically reduced
because of the elimination of the costly capacitors. Because of
the reduced voltage stress, the active switches S1-S4 may be of
a lower grade, which leads to a substantial savings in cost. The
analysis of harmonics also shows that the novel topology
requires a lower value for the inductor L compared to two
frameworks. A control block layout suggesting that lowering
the inductor's value will have a positive effect on the circuit's
dynamic behavior. Since L is used as a time constant for inertia
in the feedback loop, the reaction time is drastically reduced.
The innovative topology's dynamic properties may exceed those
of conventional converters with well-designed compensators
for the control loops. For V2G applications in particular, the
converter's power efficiency is a crucial performance metric.
The great efficiency of the proposed topology results from
many factors: When there are fewer passive components, the
inductor has less copper and core loss. As a second benefit, the
conduction losses of the switches S1-S4 are reduced at reduced
voltage. As a result, the inductor L may be made smaller while
still providing significant reductions in EMI and losses. To
round things off, the new architecture relies on a mere four
active switches to perform at high frequency during either the
charging or discharging phases. However, conventional two-
stage designs run all twelve switches at high frequency,
increasing switching losses. Eliminating this capacitor in the
new architecture has the potential to improve reliability. The
new design integrates the two processes into a single stage,
reducing the number of switches that need to be PWM-
controlled from eight to four switches. This means that there is
just a single microcontroller used. Without feedback, the
control design may be much simplified. Due to fewer sensors
and easier control implementation, reliability is increased.

i1 10. LIMITATIONS AND TRADE-
OFFS
Despite the improvement that has been proposed in the
modulation scheme, there are some downsides and trade off that
can be explained. But for integrating FPGA with MPC, it may
increase the complexity of the system and cost as well as it may
require dedicated hardware which cannot be used in all the
application. However, the optimization method may take a little
bit of computational resources particularly when there is need
to fine tweak the system. More effort should be made to look
for ways of solving these difficulties including developing new
and more efficient algorithms or more affordable hardware.
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“11. CONCLUSIONS

This study investigated the operation of the Dual Active Bridge
(DAB) converter under four control modes: Hence, there are
Single Phase Shift (SPS), Extended Phase Shift (EPS), Dual
Phase Shift (DPS), and Triple Phase Shift (TPS). From these,
the Extended Phase Shift (EPS) modulation strategy was
identified to be the most optimal in implementation besides
being efficient in system performance. Furthermore, this work
introduced both harmonic modelling and average modelling of
the steady-state operation of the DAB converter under
consideration of different modulation techniques. A thorough
analysis of DAB operation in all the four control modes was
also done, together with the presentation of device conduction
tables and converter waveforms for each of the modulation
techniques. A comparative study was performed to compare the
efficiency of various modulation techniques with respect to
BFP, current stress and efficiency over the DAB’s operating
range. This comparison is useful in determining the best
modulation technique to apply at certain power levels in as far
as the efficiency of the converter is concerned. Moreover, it was
proved that various modulation techniques have a considerable
effect on the input impedance of the DAB converter. The result
of the experiments showed that CTPS modulation has better
stability performance than SPS and DPS modulation techniques
especially in DAB based cascaded systems. Therefore, these
results point to the fact that CTPS control has the ability of
improving the stability and efficiency of DAB converters in
Mult converters systems

“ REFERENCES

[1] N. Hou and Y. W. Li, "Overview and Comparison of Modulation and
Control Strategies for a Nonresonant Single-Phase Dual-Active-Bridge DC-DC
Converter", IEEE Transactions on Power Electronics, vol. 35, no. 3, pp. 3148-
3172, 2020.

[2]. Suhua Luo and Fengjiang Wu, "Hybrid Modulation Strategy for IGBT-
Based lIsolated Dual-Active-Bridge DC-DC Converter”, IEEE Journal of
Emerging and Selected Topics In Power Electronics, vol. 6, no. 3, pp. 1336-
1344, September 2018.

[3]. F. Krismer and J. W. Kolar, "Accurate small-signal model for the digital
control of an automotive bidirectional dual active bridge", IEEE Transactions
on Power Electronics, vol. 24, no. 12, pp. 2756-2768, Dec. 2009.

[4] G. Barone, G. Brusco, M. Motta, D. Menniti, A. Pinnarelli and N.
Sorrentino, "A dual active bridge dc-dc converter for application in a smart user
network", Australian Universities Power Engineering Conference, pp. 1-5,
October 2014.

[5] B. Zhao, Q. Yu and W. Sun, "Extended-Phase-Shift Control of Isolated
Bidirectional DC-DC Converter for Power Distribution in Microgrid”, IEEE
Transactions on Power Electronics, vol. 27, no. 11, pp. 4667-4680, Nov. 2012.

[6] H. Shareef, M. M. Islam and A. Mohamed, "A review of the stage-of-the-
art charging technologies placement methodologies and impacts of electric
vehicles", Renewable and Sustainable Energy Reviews, vol. 64, pp. 403-420,
2016.

[7]. A. Tong, L. Hang, G. Li, X. Jiang and S. Gao, "Modeling and Analysis of
a Dual-Active-Bridge-Isolated Bidirectional DC/DC Converter to Minimize
RMS Current with Whole Operating Range", IEEE Transactions on Power
Electronics, vol. 33, no. 6, pp. 5302-5316, 2018.

[8] Hirofumi Akagi, Shin-ichi Kinouchi and Yuji Miyazaki, "Bidirectional
Isolated Dual-Active-Bridge (DAB) DC-DC Converters Using 1.2-kV 400-A

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 12, Issue 3 | Pages 1018-1028 | e-ISSN: 2347-470X

SiC-MOSFET Dual Modules", CPSS Transactions on Power Electronics and
Applications, vol. 1, no. 1, pp. 33-40, December 2016.

[9] M. Pahlevani, A. Bakhshai and P. Jain, "A novel digital peak-current-mode
self-sustained oscillating control (PCM-SSOC) technique for a Dual-Active
Bridge DC/DC converter", 2015 IEEE Applied Power Electronics Conference
and Exposition (APEC), pp. 3150-3156, 2015.

[10] A. Rodriguez, A. Vazquez, D. G. Lamar, M. M. Hernando and J. Sebastian,
"Different purpose design strategies and techniques to improve the performance
of a dual active bridge with phase-shift control”, IEEE TRANSACTIONS ON
POWER ELECTRONICS, vol. 30, no. 2, pp. 790-804, February 2015.

[11] S. K. Ram, A. Abhishek, B. K. Verma, S. Devassy and A. K. Dhakar,
"Study and Simulation of Single-Phase to Three-Phase UPF System for
Agricultural Applications”, 2018 Fourth International Conference on
Computing Communication Control and Automation (ICCUBEA), pp. 1-5,
2018.

[12] K. Uddin, A. D. Moore, A. Barai and J. Marco, "The effects of high
frequency current ripple on electric vehicle battery performance”, Applied
energy, vol. 178, pp. 142-154, 2016.

[13] A. Taylor, G. Liu, H. Bai, A. Brown, P. M. Johnson and M. McAmmond,
"Multiple-Phase-Shift Control for a Dual Active Bridge to Secure Zero- Voltage
Switching and Enhance Light-Load Performance”, IEEE Transactions on
Power Electronics, vol. 33, no. 6, pp. 4584-4588, 2018.

[14] H. Shi, H. Wen, J. Chen, Y. Hu, L. Jiang and G. Chen, "Minimum-
Reactive-Power Scheme of Dual-Active-Bridge DC-DC Converter With
Three-Level Modulated Phase-Shift Control”, IEEE Trans. Industry
Applications, vol. 53, no. 6, pp. 5573-5586, November/December 2017.

[15] I. Askarian, A. Bakhshai and M. Pahlevani, "Digital Geometric-Sequence
Control (GSC) Approach for Dual-Active-Bridge Converters", APEC 17 - IEEE
Applied Power Electronics Conference and Exposition, 2017.

[16] D. D, M. Cardozo, J. C. Balda, D. Trowler and H. A. Mantooth, "Novel
nonlinear control of dual active bridge using simplified converter model",
Applied Power Electronics Conference and Exposition (APEC) 2010 Twenty-
Fifth Annual IEEE, pp. 321-327, 2010.

[17] A. Abhishek, A. Ranjan, S. Devassy, B. K. Verma, S. K. Ram and A. K.
Dhakar, "Review of hierarchical control strategies for DC microgrid", IET
Renewable Power Generation, vol. 14, no. 10, pp. 1631-1640, 2020.

[18] J. Hu, Z. Yang, N. Soltau and R. W. De Doncker, "A duty-cycle control
method to ensure soft-switching operation of a high-power three-phase dual-
active bridge converter”, 2017 IEEE 3rd International Future Energy
Electronics Conference and ECCE Asia (IFEEC 2017-ECCE Asia)., pp. 866-
871, 2017.

[19] H. Shi, H. Wen, J. Chen, Y. Hu, L. Jiang, G. Chen, et al., "Minimum-
Backflow-Power Scheme of DAB-Based Solid-State Transformer with
Extended-Phase-Shift Control”, IEEE Transactions on Industry Applications,
vol. 54, no. 4, pp. 3483-3496, 2018.

[20] Muhammad Yagoob and Yuk Ming Lai, "Fully Soft-Switched Dual-
Active-Bridge Series-Resonant Converter With Switched-Impedance-Based
Power Control", IEEE transactions on Power Electronics, vol. 33, no. 11, pp.
9267-9281, November 2018.

[21] R. Agrawal, "Industrial Automated Multipurpose Robot Using WIFI,"
2023 4th International Conference for Emerging Technology (INCET),
Belgaum, India, 2023, pp. 1-8.

[22] R. D. Doncker, D. Divan and M. Kheraluwala, "A three-phase soft
switched high-power-density dc/dc converter for high-power application”,
IEEE TRANSACTIONS ON INDUSTRY APPLICATION, vol. 27, no. 1, pp.
63-73, January/February 1991.

[23] A. Abhishek, S. Devassy, S. A. Akbar and B. Singh, "Consensus Algorithm
based Two-Level Control Design for a DC Microgrid", 2020 IEEE Inter. Conf.

Website: www.ijeer.forexjournal.co.in

Comparative Analysis and Performance Evaluation 1027


https://www.ijeer.forexjournal.co.in/

FOREX

Publication
Open Access | Rapid and quality publishing

on Power Electronics Smart Grid and Renewable Energy (PESGRE2020), pp.
1-6, 2020.

[24] K.S., Gangadhara, “Signal Analysis and Filtering using one Dimensional
Hilbert Transform,” Journal of Physics: Conference Series 1706(1),2020.

[25] W. Song, N. Hou and M. Wu, "Virtual Direct Power Control Scheme of
Dual Active Bridge DC-DC Converters for Fast Dynamic Response”, IEEE
Transactions on Power Electronics, vol. 33, no. 2, pp. 1750-1759, 2018.

[26] S. Chakraborty and S. Chattopadhyay, "Minimum-RMS-Current Operation
of Asymmetric Dual Active Half-Bridge Converters With and Without ZVS",
IEEE Trans. on Power Electronics, vol. 32, no. 7, pp. 5132-5145, July 2017.

[27] M. R. Arun, "Priority Queueing Model-Based loT Middleware for Load
Balancing," 2022 6th International Conference on Intelligent Computing and
Control Systems (ICICCS), 2022, pp. 425-430.

[28] X. Shi, J. Jiang and X. Guo, "An efficiency-optimized isolated bidirectional
dc-dc converter with extended power ranger for energy storage systems in
microgrids”, Energy, vol. 6, pp. 27-44, 2012.

[29] B. Feng, Y. Wang and J. Man, "A novel dual-phase-shift control strategy
for dual-active-bridge DC-DC converter”, IECON 2014 - 40th Annual
Conference of the IEEE Industrial Electronics Society, pp. 4140-4145, 2014.

[30] M. Kaur, "Optimizing Renewable Energy Integration in Smart Grids
through loT-Driven Management Systems," 2024 2nd International Conference
on Advancement in Computation & Computer Technologies (INCACCT),
Gharuan, India, 2024, pp. 783-788.

[31] A. Tong, L. Hang and G. Li, "Optimized Control Strategy for Minimum
Ohmic Loss of Dual Acitve Bridge converter”, Proc. IEEE APEC, pp. 1103-
1110, March 2017.

[32] M. Zheng, H. Wen, H. Shi, Y. Hu, Y. Yang and Y. Wang, "Open-Circuit
Fault Diagnosis of Dual Active Bridge DC-DC Converter With Extended-
Phase-Shift Control", IEEE Access, vol. 7, pp. 23752-23765, 2019.

[33]J.Zeng, Y. He, Z. Lan, Z. Yiand J. Liu, "Optimal control of DAB converter
backflow power based on phase-shifting strategy”, Soft Computing, vol. 24, no.
8, pp. 6031-6038, 2020.

[34] R. Agrawal, "Wireless and Solar-Powered Multipurpose Robot for
Industrial Automation: A Sustainable Solution,” 2023 8th International
Conference on Communication and Electronics Systems (ICCES), Coimbatore,
India, 2023, pp. 146-151.

[35] Chenhao Nan and R. Ayyanar, "Dual active bridge converter with PWM
control for solid state transformer application", Energy Conversion Congress
and Exposition (ECCE) 2013 IEEE, pp. 4747-4753, Sept 2013.

[36] M. Safayatullah, M. T. Elrais, S. Ghosh, R. Rezaii and |. Batarseh, "A
Comprehensive Review of Power Converter Topologies and Control Methods
for Electric Vehicle Fast Charging Applications", IEEE Access, vol. 10, pp.
40753-40793, 2022.

[37] C. Liu, J. Wang, K. Colombage, C. Gould and B. Sen, "A CLLC resonant
converter based bidirectional EV charger with maximum efficiency tracking",
8th IET International Conference on Power Electronics Machines and Drives
(PEMD 2016), 2016.

[38] K. Siebke and R. Mallwitz, "Comparison of a Dual Active Bridge and
CLLC Converter for On-Board Vehicle Chargers using GaN and Time Domain
Modeling Method", 2020 IEEE Energy Conversion Congress and Exposition
(ECCE), 2020.

[39] Y. Cui, R. Hou, P. Malysz and A. Emadi, "Improved combined modulation
strategy for dual active bridge converter in electrified vehicles", 2017 IEEE
Transportation Electrification Conference and Expo (ITEC), 2017.

[40] J. Riedel, D. G. Holmes, B. P. McGrath and C. Teixeira, "Active
Suppression of Selected DC Bus Harmonics for Dual Active Bridge DC-DC
Converters", IEEE Trans. on Power Electronics, vol. 32, no. 11, pp. 8857-8867,
November 2017.

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 12, Issue 3 | Pages 1018-1028 | e-ISSN: 2347-470X

© 2024 by the Bathala Neeraja, Pallavee
Bhatnagar, Dankan Gowda V, Anupam Kumar,

BY Mada Venkata Sowmya Sri and Chinde
Aishwarya Submitted for possible open access publication under the
terms and conditions of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/).

Website: www.ijeer.forexjournal.co.in

Comparative Analysis and Performance Evaluation 1028


https://www.ijeer.forexjournal.co.in/

