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Abstract

The five-level dual active bridge (FLDAB) topology is recently presented to
suppress the harmonic content in the high frequency link (HFL) of DC-DC
converter. However, the conventional FLDAB topology requires additional
four diodes and one switch for the generation of five-level at the output.
These four diodes and one switch cause losses in the system and hence the
efficiency of the system decreases. Keeping the drawbacks of conventional
FLDAB topology in view, this paper presents a novel FLDAB topology with
the lower component count i.e., two switches only. The proposed FLDAB
topology based DC-DC converter implements PSO based modulation for
electric vehicle application. This paper presents a detailed analysis of the
proposed FLDAB topology. Further, the analysis involves a comparative
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evaluation against conventional FLDAB topology. The comparative results
shows that the proposed topology produces lesser harmonics in the HFL of
the DC-DC converter and it is more efficient than the conventional FLDAB
topology. Thus presenting a promising and improved solution for DC-DC
converters in electric vehicle application. The OPAL-RT hardware-in-loop
emulator validates the obtained results.

Keywords: Multilevel dual active bridge (MLDAB), high frequency link
(HFL), total harmonic distortion (THD), particle swarm optimization (PSO)
algorithm.

1 Introduction

The need for awareness of environmental issues and strict rules to reduce
greenhouse gas emissions have accelerated the push for environmental
friendly modes of transportation. Consequently, the automotive industry is
experiencing a notable shift from conventional internal combustion engine
based vehicle technology to electrification. The growing adoption of electric
vehicles (EVs) and advancements in charging infrastructure drive this transi-
tion [1]. However, the lack of sufficient charging infrastructure and the lack
to meet the international charging standards not only restrain the expansion
of EVs but also increase the quantity of charging infrastructure with subpar
performance [2, 3]. The majority of existing charging methods do not meet
the international requirements. Low power factor and high total harmonic
distortion (THD) are all indicators of poor performance [4]. Increasing the
need for a universal charging system for all EVs, implementation of a number
of different single stage and two stage charger topologies for EVs has been
the subject of research [5, 6]. As in current chargers the performance metrics
of interest include the input power factor, distortion factor, displacement
factor and charger efficiency, all degrade when diode bridge rectifier is
used in conjunction with a dc-link capacitor. Generally, better performance
characteristics have been demonstrated for two-stage designs. To enhance the
power quality of an AC-DC conversion system, active power factor correction
(APFC) circuits based on boost converters have gained widespread adoption
in medium to high power applications [7, 8]. However, their usefulness was
constrained by a few factors, prompting researchers to look for alternatives.
Therefore, a number of APFC implementations using a variety of converters
deriving from the buck-boost topology as in references [9, 10]. However,
their application is constrained at low to medium power levels because of
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the high current stress, huge filter demand and more number of devices
being used. The use of interleaved cells appears favourable at high power
application as mentioned in [11, 12]. Nevertheless, the increase in the large
filter requirement and increase in device count persists.

It is crucial to have power converters for EV applications that have
galvanic isolation and the bidirectional flow of power. Multiple configurations
of isolated bidirectional DC-DC converters (IBDCs) are possible [13-15].
Due to its inherent ability of soft switching without using any auxiliary
components, the DAB converter is the best IBDC for power applications
like battery management systems, EVs, solid-state transformers and DC
distribution system interface. Many indices frequently impact the perfor-
mance of the DAB converter, including increased current stress on the HFL
device due to harmonics in the inductor current. The harmonics also cause
the HFT and the devices to overheat, hence decrease in efficiency of the
converter. The achievement of high efficiency and reliability in DAB can
be attained by making modifications to the performance indices via the
modulation schemes and circuit architecture [16]. Single phase shift (SPS)
modulation is widely recognized as the most prevalent modulation technique.
However in SPS modulation technique, the converter experiences significant
current stress and limited soft-switching range [17]. In order to address
these challenges, researchers have developed different modulation techniques
including extended phase shift (EPS) modulation [18], dual-phase shift (DPS)
modulation [19], and triple-phase shift (TPS) modulation [20]. In addition to
the aforementioned modulation systems, there are alternative methods such
as hybrid modulation as discussed in [21]. However, these techniques produce
much harmonics in the HFL of the DAB converter. Therefore, the efficiency
of the converter reduces.

In order to reduce the THD of the HFL current waveform, multilevel
topologies are used by different researchers at the either end of the DAB
converter. In [22], the authors provide a solution to operate multilevel DAB
converter consists of neutral point clamped configuration having different
levels. Further, in order to reduce the inductor current THD and to achieve
this, an additional four active switches are employed to generate a five-
level voltage waveform which reduces the efficiency of the system [23]. A
modulation technique with additional degrees of freedom used to minimize
harmonics. However, this improvement required the addition of four extra
components on both sides of the converter [24]. Further, in [25] a transistor
clamped FLDAB converter is proposed with voltages of two and five level
due to three degrees of freedom which improves its ability to regulate power
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flow, and the inductor current THD reduces. Also the performance evaluation
of converter topology, incorporating five voltage levels on both sides of the
HFT, therefore diminishing the inductor current harmonics [26]. Further,
the QPS-modulation based topology, incorporating auxiliary switch. This
design aids in mitigating the inductor current harmonics [27]. However for
generating five-level in [25-27], additional components (switches & diodes)
are required, therefore compromising their efficiency. Keeping the above
mentioned drawback in view, the authors have presented a novel FLDAB
topology using PSO based modulation technique for EV application. This
study outlines the following primary contributions:

* A novel FLDAB converter topology using PSO algorithm based modu-
lation technique has been developed.

* The performance of the proposed FLDAB converter using PSO based
modulation technique and conventional FLDAB converter with QPS
scheme has been compared.

* The comparative results shows that the proposed PSO modulation based
converter produces lesser harmonics in the HFL of the DC-DC converter
and it is more efficient than the conventional FLDAB converter.

* The results achieved are validated by OPAL-RT emulator.

The following sections organize the remainder of this work as follows:

Sections 2 and 3 illustrates the conventional converter and its control
strategy. Sections 4 and 5, deals with topology and the control strategy
of the proposed FLDAB converter using PSO based modulation. Sec-
tion 6, deals with the simulation as well as real time results. Section 7,
deals with the comparison illustration. Finally, a conclusion is drawn in
Section 8.

2 Conventional Topology

HFT connects both the HV and LV side bridges. The four active switches
(S51—S4) integrated with antiparallel diode (D1—Dy), a bidirectional auxiliary
switch (X) along with four diodes D11 — Dy4), complete the LV side-bridge.
The four active switches (S5 —Sg) with incorporated antiparallel diodes (D5 —
Dsg) complete the HV side bridge. vy, and vy, denote the AC voltages of
the bridges. The turns ratio of the HFT is represented by “1 : n” and the
capacitances are C1, Cs, and C'5. “v;” and “i;,” denote the inductor voltage
and current respectively as illustrated in Figure 1.
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Figure 1 Schematic of the conventional converter.

3 Control Strategy of Conventional Converter

Figures 2 and 3, depict the operation of the conventional MLDAB converter.
To have desired voltage levels in both the modes of operation it is essential
to adjust the switching status in the HV and LV side bridge configurations as
below, The G2V operation at different instants is illustrated in Figure 2(a—g).
The turn-on of switches S5 and Sg in HV side bridge. In the LV side bridge,
S1 and S switches turn on during the time interval from ¢ to ¢; as depicted
in Figure 2(a). The turn-on of switches S5 and Sg in HV side bridge. In the
LV side bridge, X and .S, switches turn on during the time interval from t;
to to as depicted in Figure 2(b). The turn-on of switches S5 and Sg in HV
side bridge. In the LV side bridge, S; and S4 switches turn on during the time
interval as shown in Figure 2(c). The turn-on of switches S5 and S7 in HV
side bridge. In the LV side bridge, S; and S4 switches turn on during the time
interval from ¢3 to t4 as depicted in Figure 2(d). The turn-on of switches S5
and S7 in HV side bridge. In the LV side bridge, X and S switches turn on
during the time interval from ¢4 to t5 as depicted in Figure 2(e). The turn-on
of switches Sg and S7 in HV side bridge. In the LV side bridge, X and S,
switches turn on during the time interval from ¢5 to ¢g as depicted in Figure
2(f). The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, S2 and Sy4 switches turn on during the time interval from g to t7 as
depicted in Figure 2(g). Furthermore, for the forward mode of operation the
switching states as shown in Table 1, has been made according to the above
mentioned operation.
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Table 1 G2V states of switches of conventional converter

e ae Modes
Switching States |\ T T T 7 (s (9 (10 (11 [ 12| 13| 14
S 1jol1|[1]o]ololo]lo]o o o |0 |1
S5 olojololo]lolt|t]o]l1 |1 ]o o |o
S5 1jolololo]jololo|1]1 |1 |1 |1 |1
S o1 |1 |t][1]1|t1]t]o]lo o o o |o
S5 Tt 1[1]1]ololo]o]o o o |1 |1
S olojolo o]t |t |t]1]1 |1 ]1]o o
S, ololo1 1 ]1]1]1]1]1 oo o |o
Ss 1|1]1]o]o]o]o]o]o]o [T |1 |1 |1
X ol1]olol1]1]o]o]1]o o |1 |1 |o

The V2G operation at different instants is illustrated in Figure 3(a—g).
The turn-on of switches S5 and Sg in HV side bridge. In the LV side bridge,
S1 and S3 switches turn on during the time interval from ¢ to ¢; as depicted
in Figure 3(a). The turn-on of switches S5 and Sg in HV side bridge. In the
LV side bridge, X and S5 switches turn on during the time interval from ¢;
to to as depicted in Figure 3(b). The turn-on of switches Sg and Sg in HV
side bridge. In the LV side bridge, X and S3 switches turn on as shown in
Figure 3(c). The turn-on of switches Sg and Sg in HV side bridge. In the LV
side bridge, S5 and S3 switches turn on during the time interval from t¢3 to
t4 as depicted in Figure 3(d). The turn-on of switches Sg and S7 in HV side
bridge. In the LV side bridge, S and S3 switches turn on during the time
interval from ¢4 to t5 as depicted in Figure 3(e). The turn-on of switches Sg
and S7 in HV side bridge. In the LV side bridge, X and S3 switches turn on
during the time interval from ¢5 to tg as depicted at the last of in Figure 3(f).
The turn-on of switches S¢ and .S7 in HV side bridge. In the LV side bridge,
So and Sy switches turn on during the time interval from g to t7 as depicted at
the last. Also, the states of switches as shown in Table 2 is made accordingly.

4 Proposed FLDAB Converter

HFT connects both the HV and LV side bridges. The four active switches
(51—954) integrated with antiparallel diodes (D1—D,), and a bidirectional
auxiliary switches (X, X3) connects one of the midpoints of the H-bridge
leg to the capacitor leg, completing the LV side bridge. The auxiliary switch
consists of the two active switch (X1, X3) connected in antiparallel to each
other. Four active switches (S5 — Sg) and integrated antiparallel diodes
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Table 2 V2G states of switches of conventional converter

e ae Modes
Switching States |\ T T T 7 (s (9 (10 (11 [ 12| 13| 14
S 1jolololojololo]lo]o |1 |1 o |1
S5 olojolt][1]olt1]t]o]lo o o o |o
S5 Tt |1 [t]1]1]lo]lo]lo]lo o o o |o
S olojolololo |t [t 1|1 |1 |1 ]1]o
S5 i1lolojlo]jololo]o]1 |1 |1 |1 |1
S olo| 1ttt ]1|t]t]1]0 o0 o o |o
S, olololo 1|1 ]1]1]1]1 100 |o
Ss 1|1]1]1]o]o]o]o]olo [o |1 |1 |1
X ol1]1]o]ol1]o]o]1]1 oo |1 |o

(D5 — Dsg) form the HV side bridge. vy, and vy, denote the voltages of
the bridges. The turns ratio of the HFT is represented by “1 : n” and the
capacitances are C'1, Cs, and Cs. “vy” and “i;,”denote the inductor voltage
and current respectively as illustrated in Figure 4.

5 Proposed PSO Based Modulation Control Strategy of
FLDAB Converter

5.1 Operating Principle of Proposed FLDAB Converter

Figures 5 and 6, depict the operation of the proposed FLDAB converter. To
have desired voltage levels in both the modes of operation it is essential to
adjust the switching status in the HV and LV side bridge configurations as
below, The G2V operation at different instants is illustrated in Figure 7. The
turn-on of switches S5 and Sg in HV side bridge. In the LV side bridge, S
and S5 switches turn on during the time interval from ¢ to ¢; as depicted in
Figure 7(a). HV Side and LV side voltages are V; and 0 respectively. Current
17, increases and is expressed as,

ir,(t) =ir(t0) + (Vi/n)/L x (t1 — to). (1)

The turn-on of switches S5 and Sg in HV side bridge. In the LV side
bridge, X and S, switches turn on during the time interval from ¢; to to
as depicted in Figure 7(b). HV Side and LV side voltages are V; and V5/2
respectively. Current 77, increases and is expressed as,

iL(t):iL(t1)+(‘/i/n—‘/§/2)/LX(tg—tl). 2)
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Figure 2 G2V operation of conventional converter.

The turn-on of switches S5 and Sg in HV side bridge. In the LV side
bridge, S1 and 5S4 switches turn on as shown in Figure 7(c). HV Side and
LV side voltages are Vi and V; respectively. Current ¢;, increases and is
expressed as,

ir(t) =ip(ta) + (Vi/mn—Va)/L X (t3 — t2). 3)
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Figure 3 V2G operation of conventional converter.

The turn-on of switches S5 and S7 in HV side bridge. In the LV side
bridge, S1 and S4 switches turn on during the time interval from t3 to t4
as depicted in Figure 7(d). HV Side and LV side voltages are 0 and V5
respectively. Current ¢, decreases and is expressed as,

ir(t) =ip(ts) — (Vo)/L x (ts —t3). 4



370 Khurshid Ul Haq et al.

LV side bridge HYV side bridge

Figure 4 Schematic of proposed converter.

0 >dn e

th T

&

Vlv o | v1

—>:d { |
—| dn [T P ||
0
H n v, 2n wt —>
> dymie— o> idymie— >

E A i V,

0 -
wt—>

t t Vtz t bt ts b ity '
1 ]2 3 [45[d 7 | 8 9] 10 9123 14] |

Figure 5 Proposed G2V operating waveforms.

The turn-on of switches S5 and S7 in HV side bridge. In the LV side
bridge, X and S, switches turn on during the time interval from ¢4 to ts5
as depicted in Figure 7(e). HV Side and LV side voltages are 0 and V5/2
respectively. Current ¢, decreases and is expressed as,

ir(t) =ip(ts) — (V2/2)/L x (t5 — t4). (5)
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Figure 6 Proposed V2G operating waveforms.

The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, X and S switches turn on during the time interval from ¢5 to tg as
depicted in Figure 7(f). HV Side and LV side voltages are —V; and V5 /2
respectively. Current i, decreases and is expressed as,

ir(t) =ip(ts) — (Vi/n+V2/2)/L x (te — t5). (6)

The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, S5 and S4 switches turn on during the time interval from tg to t;
as depicted in Figure 7(g). HV Side and LV side voltages are —V; and 0
respectively. Current i, decreases and is expressed as,

ir(t) =ir(te) — (V1)/L x (t7 —t6). (7

Furthermore, for the forward mode of operation the switching states as
shown in Table 3, has been made according to the above mentioned operation.
The V2G operation at different instants is illustrated in Figure 8(a—g). The
turn-on of switches S5 and Sg in HV side bridge. In the LV side bridge, S
and S5 switches turn on during the time interval from ¢y to ¢; as depicted
in Figure 8(a). HV Side and LV side voltages are —V; and 0 respectively.
Current ¢, increases in reverse direction and is expressed as,

iL(t) = iL(to) =+ (Vl)/nL X (tl — to). (8)
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The turn-on of switches S5 and Sg in HV side bridge. In the LV side
bridge, X and S3 switches turn on during the time interval from ¢; to t3 as
depicted in Figure 8(b). HV Side and LV side voltages are —V; and V5/2
respectively. Current ¢, increases in reverse direction and is expressed as,

ip(t) =ip(t1) + (Va/2 +Vi/n)/L X (t2 —t1). )]

The turn-on of switches Sg and Sg in HV side bridge. In the LV side
bridge, X and Ss switches turn on as shown in Figure 8(c). HV Side and
LV side voltages are 0 and V5/2 respectively. Current i, increases in reverse
direction and is expressed as,

in(t) =ip(t2) + (V2/2)/L x (t3 — ta). (10

The turn-on of switches Sg and Sg in HV side bridge. In the LV side
bridge, S2 and S5 switches turn on during the time interval from ¢3 to ¢4
as depicted in Figure 8(d). HV Side and LV side voltages are 0 and Vs
respectively. Current 77, increases in reverse direction and is expressed as,

iL(t) :iL(tg)—i-(Vg)/LX (t4—t3). (11)

The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, S2 and S3 switches turn on during the time interval from ¢4 to ¢35
as depicted in Figure 8(e). HV Side and LV side voltages are V; and Vs
respectively. Current 7, decreases and is expressed as,

iL(t) ZiL(t4)+(VQ—V1/n)/LX (t5—t4). (12)

The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, X and S5 switches turn on during the time interval from ¢5 to tg
as depicted in Figure 8(f). HV Side and LV side voltages are V; and V5/2
respectively. Current i1, decreases and is expressed as,

iL<t)ZiL(t5)+(‘/é/2—V1/n)/LX (tﬁ—t5). (13)

The turn-on of switches Sg and S7 in HV side bridge. In the LV side
bridge, S5 and .S4 switches turn on during the time interval from tg to t7
as depicted in Figure 8(g). HV Side and LV side voltages are V7 and 0
respectively. Current 77, decreases and is expressed as,

iL(t) = iL(tG) — (Vl)/nL X (t7 — tﬁ). (14)

Furthermore, for reverse mode of operation the switching states as shown
in Table 4 and has been carried out in accordance with the aforementioned
operation.
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Table 3 States of switches of proposed FLDAB converter using PSO based modulation for
forward mode of operation

e e Modes
Switching States (=TT T  Te 7 [s 9 10 [ 11 [ 12| 13| 14
S 1lo|1]1]o]o]o]o]o]lo [0 o o |1
S 0olololololo]1]1]o]1 |1 0o o0 |0
Ss 1jolololololo o] 1]t |1 |1 |1 |1
S o1 111 ]1]1]1]o]o oo o |o
S 1|11 ]1]1]o]o]olo]lo [0 o |1 |1
S olojolo ot |t t]1]1 |1 ]1]o o
S, ololo 1111|111 oo o |o
Ss 1|1]1]o]o]o]ololo]o |1 [t |1 |1
X, olojololo]lololol1]o Jo |1 |1 ]o
X, ol1]olol1]1]olo]o]lo o o o |o

Table 4 States of switches of proposed FLDAB converter using PSO based modulation for
reverse mode of operation

Switching States Modes
12 (3|4|5[6|7 8|9 10|11 |12 13| 14
S1 1fofojoj{ojofojO0|O0]|oO 1 1 0 1
Sa ojofojtr|{rjof1j1rjojo 0 0 0 0
S3 ry1r|1j1f1rj1{0({0|0]0 0 0 0 0
Sa o(fo0ojo0jO0jO|O]T |1 |1]1 1 1 1 0
Ss 1{1]0]0[0|0]0]O0O|O0]1 1 1 1 1
S6 o(fo|1|1|j1f1|1]1|{1]O0 0 0 0 0
S ofojojojr|1|1j1|1]1 1 0 0 0
Ss I1|j1(1}j1{0|j0l0|0O|O]|O 0 1 1 1
X5 o|j1|(1j0|O0|1|0O]O|O]|O 0 0 0 0
X5 ojofo0jO0|O0O|O|O]|O]|T1]|1 0 0 1 0

5.2 Harmonic Approach with PSO-Algorithm for Improved
System Performance

Significant power loss in a system is attributed to harmonics, which are
signals characterized by frequencies that are integer multiples of the funda-
mental frequency. The mitigation of harmonic content in inductor current is
crucial due to its potential to decrease losses in high-frequency transformer
(HFT), which play a vital role in the operation of the multi-level dual active
bridge (MLDAB) system. The utilization of the Fourier series methodology
offers a comprehensive equations. The voltage waveform denoted as vy,
has a square shape with three distinct levels and possesses the property of



374  Khurshid Ul Haq et al.

[
i+

M+ <

I+
M+ <

<

5
Lt
£
1
||+‘<

Figure 7 G2V operation of proposed modulation based FLDAB converter, whereas a) to —
t1,b) 11 —t2, ¢) t2 — t3, d) I3 — t4, €) {4 — i5, f) t5 — {6 and g) {6 — i7.

half-wave symmetry as shown in Figure 6. Because of the principle of half-
wave symmetry, the coefficient ag is determined to be zero. Additionally,
the coefficients a,, and b,, are also zero for values of n that are even.
Consequently,

Upe(t) = Z(ancos(nwot) + by sin(nwot)) (15)

n=1
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|“é+

Figure 8 V2G operation of proposed modulation based FLDAB converter, whereas a) tg —
tl, b) tl — tz, C) tg — t3, d) t3 — t4, e) t4 — t5, f) t5 — ta and g) te — t7.

where;
4 T/2
= T/ Vp (t)cosn(wtdt
0

4 T/2
T / Vpy (t) sinn(wtdt
0
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From Figure 6, vy, is O for the time interval wd4 and is V; for (1 — dy).
Thus, on solving (15),

Uy (t) = Z “— X /2 x (1 + cos (ndy)) x sin (nwot — nd + ¢)
n=1,3,5

sin (ndy)

1+ cos (ndy) (16)

tan(p) =

Likewise, the variable vy, represents a square waveform consisting of five
levels, exhibiting both odd and half-wave symmetry. Therefore, the values of
ag and a, are both equal to O for all values of n, whereas the value of by, is
equal to 0 only for even values of n and can be written as;

v (t) = Z by, sin (nwot) a7
n=1,35...

where;

g [T/
by, = / Vg (1) sin nwtdt
T Jo

From Figure 6, vy, is 0 for time interval 7wdy; Vo /2 for wdy and Vs for wds.
Thus, on solving (17),

o0

v (t) = Z %/\ sin (nwot) (18)

n=135. "
where;
A = cos (nm (dy + d2)) + 2 cos (nmdy) — cos (nm (dy + da + 2d3))
The inductor voltage is given as;
VL = Uy — kUpy (19)

By performing integration, the expression for the inductor current as
below;

L

As the average inductor current throughout a switching time is zero, it
can be deduced that the inductor current at 7/wy is equivalent to —i(0). By

1 t
i, = / vr, +(0) (20)
0
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evaluating the expression i(0), it is possible to determine the current flowing
through the inductor using equation (20).

o0

i = Z LX\/AQ—FBQXSin(nth—&—G) 21

2 L
n=135. 0 «0T

A = 2Vj cos <n (d + d24>> cos <nd24> — ko
B = 2Vjsin (n <d + d;)) cos <nd24>

tan(f) = %

From equation (21), the RMS current i, (rms) is represented as;

where,

0o 2
iL(rms) - Z (ﬁ XV A2 + B2> (22)

2
n2womL
n=1,3,5.. 0

Harmonics cause significant power loss in the system. It is crucial to
lower the harmonic content of inductor current, since doing so can lower HFT
losses, which is an important component of the MLDAB. In order to seek a set
of optimal operating points to reduce system loss and improve the efficiency
of the DAB converter, PSO algorithm is adopted for system optimization. The
rms inductor current, which is adopted as the objective function and finding
a set of optimal combination of (dy7, do7, d37, dy7, d7) to minimize the rms
inductor current under constraints based on the operational principle of the
proposed MLDAB converter are shown as follows;

(d1 + dy + dg)ﬂ' = 0.57
dim € [0, 7T/2
dom € [0, 7T/2
dsm € [0, 7T/2
dym € [0, 7T/2
dr € [—7, 7]

(23)

(Bt Wt Wt '

Figure 9 illustrates the optimization flowchart. In the start stage, con-
straints as in equation (23), for the fitness function as in equation (22). After
that, the PSO algorithm will conduct fitness evaluation, then update P
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Initialization velocity and position of the population
(dim, dym, dam, dym, dm)

I

Load upper and lower boundary (-7t, 77) of variables
(i1, domy, dm, dyr, dr)

l

Read the desired objective function

[ )

[ J

[ )

l

s [ Evaluate variables based on the objective function ]
[ )

( ]

[ )

F (dym, dym, dym, dym, dm)

Compare fitness values of particles within current
iteration and update the Py,

Compare overall Py, ., and update the G ;.

|

Update velocity and position of particles

[ Optimal values (dym, dym, dymt, dym, dm) ]
[ Generate the gate signals ]

Figure 9 Flowchart of the proposed PSO algorithm.

and Gpes: as well as the velocity and position of particles. The termination
condition for the PSO algorithm is based on the criteria. If the maximum
iteration is reached. The system achieves the minimum RMS current. After
that, optimal variables (di7, dom, dsm, dym, dm) are obtained and gate signals
are generated.

PSO algorithm, in addition to its outstanding global search ability, it also
features the merits of good robustness and fast computation speed and it
is adopted in this article. The PSO algorithm mimics the random hunting
behavior of birds. It first needs to initialize a swarm of randomly distributed
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particles in the n-dimensional search space. For the optimization problem
in this article, since the position of each particle is determined by the com-
bination of (d1, d2, d3, d4, d). Each individual particle represents a potential
optimal solution, which involves two characteristic indexes, position X and
velocity V.

Xi = (X1, Xi2, Xis, Xia, Xis)
Vi = (Vi1, Viz, Vis, Via, Viis)

where the initial number of particles is defined as X; and V; are the position
and velocity of the i-th particle, respectively. The key of the PSO algorithm
is the updating formulas of velocity and position for each individual particle.

{ ‘/;m+1 — O.)‘/Zm —+ Cc17T1 (PXbeSt;ﬂ — in) + CaT9 (GXbeStm - X:n)
Xim—i-l — sz + Vim—H

where;

* m is the iteration index.

* w is the inertia weight, generally w = 0.5-1, reflecting the tendency of
a particle to maintain its previous velocity.

* c; is the individual learning factor, generally 0—4. It reflects the tendency
of a particle to approach the historical optimal position of individual
Pxbest.

* ¢y is the swarm learning factor, generally 0—4. It reflects the tendency of
particles to approach the historical optimal position of swarm Gxbest.

* r1 and ry are randomly generated numbers, generally 0—1.

It is after countless iterations that the particle can successfully reach the
position with the optimal fitness value, which is exactly the optimal solution
to the optimization problem. As shown below, the generalized PSO Pseudo-
Code is as follows.

Step 1: Initialize constants: Set the values of k, wg, L, and N.
Step 2: Initialize PSO parameters: Define the particle swarm optimization
parameters:

* population_size

* max_iterations

* inertia_weight (w)

* cognitive_component (c1)
* social_component (c2)
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Step 3: Set bounds for decision variables:
di,do,ds,dy € [0,0.5}, ds € [—1,1]

Step 4: Initialize particles:

» Randomly assign dy, d2, d3 such that d; + do + d3 = 0.5
 Randomly assign d4 € [0,0.5] and d5 € [—1,1]

* Initialize velocities randomly

* Set pbest = position, pbest_fitness = oo

» Set gbest = None, gbest_fitness =00

Step 5: Repeat for each iteration (1 to max_iterations):
Step 6: For each particle 7 in the swarm:

1. Extract dy, ds, d3, dg, ds
2. If dy + do + d3 # 0.5, normalize:

total = di + ds + d3

q o5 LI d3

l_total"a 2 -Jy 3

~ total '

3. Clip values:
dl,dg,dg,d4 S [0,05}, ds € [—1, 1]

4. Evaluate fitness using fitness_function(di, da, ds, dy, ds)
5. If fitness < pbest_fitness, update pbest and pbest_fitness

Step 7: Update gbest as the best among all pbest values.
Step 8: Display current best fitness and corresponding (dy, da, ds, dy, d5).
Step 9: For each particle i:

1. Update velocity:
v=w-v+cp-ry-(pbest —x) + o - 1o - (gbest — x)

2. Update position: x = x + v
3. Clip values to bounds:

dy,ds,ds,dy € [0,0.5}, ds € [—1, 1]

4. Renormalize d; + ds + d3 = 0.5 (as in Step 6.2)
Step 10: Return gbest and its fitness.
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5.3 Efficiency and Loss Estimation

Losses in the converter mostly occur in switches and transformer. In switches,
conduction and switching losses are taken into account [28, 29], whereas in
high frequency transformer, core losses and conduction losses are considered
[30, 31].

5.3.1 Losses in switches

Lets, I, is the RMS current through switches, R,,, is the on state resistance,
Von 1s the switch voltage before turn on, Vs is the switch voltage after turn
off, ton,tors are the turn on delay and turn off delay time respectively, ¢,
is the current after switch turn on, i,y is the current before switch turn off,
then conduction losses through switches are given as,

Peon = 12, X Rop. (24)
Pycon = Ip x V. (25)
And the switching losses are given as,
Py, = Turn on switching loss + Turn off switching losses
Pow = 1/2[Von X ion X ton + Vorp X iops X torf] X f.
= [Eon + Eoff] x f. (26)
Hence the total losses in switches are as,
Pr = Peon + Psw
5.3.2 Losses in high frequency transformer
Let I,.; and Is.. are the RMS current through primary and secondary
winding, R, is the winding resistance, Wy, is the core weight, B, is the

magnetic flux density. The losses in the high frequency transformer can be
calculated as the primary side conduction loss as below,

2
Pcul = Ipri X Rw
and the secondary side conduction loss as,
2
Pcug = Isec x Rw

Also the core losses as shown below,

Pfe(W) = Pro(mW/g) x Wype x 1073 (27)



382 Khurshid Ul Haq et al.

Table 5 System specifications

Parameters Values
Switching frequency (fs) 20kHz
HFL-inductor (L) 151 uH
Voltage at DC link (V) 650V

Nominal battery voltage (Viq:) | 500V
Rated battery capacity (Ah) 250 Ah

Turns ratio (n) 1.3

Finally the total losses in HFT as shown below,
Pcu1+Pcu2+Pfe

Therefore the total losses in converter = Total Losses in Switches + Total
Losses in HFT.

5.3.3 Efficiency calculation
Output

Total Losses + Output)

The comparison of the proposed MLDAB based converter has been done
with the conventional SPS, EPS, DPS, TPS and QPS mdoulation based DAB
converters [26, 27]. The comparison shows substantial decrease in the induc-
tor current THD (%), results in more efficiency of the proposed converter
compared to other conventional converters as mentioned in the Table 6 and
Figure 24.

n= ( x 100 (28)

6 Results

6.1 Simulation Results

The parameters and their corresponding values used for simulating the
conventional and proposed systems are detailed in Table 5.

6.1.1 Simulation Outcomes of Conventional FLDAB Converter
Employing QPS Modulation

Figure 10(a—d) comprehensively illustrates the steady-state G2V perfor-

mance of the conventional FLDAB converter utilizing QPS modulation.

Figures 10(b) and 10(a) depict the voltage waveforms at the LV and HV sides

respectively, showcasing the voltage profiles generated by the modulation
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Figure 10 G2V performance evaluation of conventional MLDAB converter.

scheme. The inductor voltage as shown in Figure 10(c) and the behaviour
of the inductor current is further detailed in Figure 10(d), where it increases
and decreases when the voltage becomes positive and negative across the
inductor respectively. This ensures a directional flow of current from the grid
to the vehicle (G2V) of the FLDAB converter.

Figure 11(a—d) illustrates the V2G operational characteristics of the
MLDAB converter. Figures 11(b) and 11(a) present the voltage waveforms
at the LV and HV sides respectively, highlighting the distinct voltage patterns
achieved through the modulation scheme. The inductor voltage is a result of
the difference between voltages as presented in Figure 11(c). The behaviour
of the inductor current, as elaborated in Figure 11(d), shows a characteristic
rise when the voltage across the inductor is positive and a decline during
negative voltage intervals. This controlled variation facilitates the flow of
current from the vehicle to the grid (V2G), thereby ensuring efficient and
seamless power transfer within the system.

To substantiate the efficacy of the conventional FLDAB converter, the
study conducts a comprehensive analysis for varying external phase shift
ratios, d. Encapsulation of the inductor current profile alongside their respec-
tive Total Harmonic Distortion (THD) spectra across a spectrum of d values
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Figure 11 V2G performance evaluation of conventional MLDAB converter.

is shown in Figure 12(a—1). The study adopts a uniform internal modulation
index configuration (dy = dy = d3 = dy) fixed at 0.17, while systematically
varying the (d). The resulting THD percentages are determined to be 5.16,
4.85, 4.58, 4.64, 4.70 and 4.99.

6.1.2 Simulation outcomes of proposed FLDAB converter using
PSO algorithm based modulation

Figure 13(a—d) comprehensively illustrates the steady-state G2V perfor-
mance of the proposed MLDAB converter with PSO based modulation.
Figures 13(b) and 13(a) depict the voltage waveforms at the LV and HV sides
respectively, showcasing the voltage profiles generated by the modulation
scheme. The inductor voltage is a result of the difference between voltages as
presented in Figure 13(c). The behaviour of the inductor current as elaborated
in Figure 13(d), shows a characteristic rise when the voltage across the
inductor is positive and a decline during negative voltage intervals. This
ensures a flow of current from the grid to the vehicle (G2V) of the MLDAB
converter.

Figure 14(a—d) illustrates the V2G operational characteristics. Figures
14(b) and 14(a) present the voltage waveforms at the LV and HV sides
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Figure 12 At different values of d performance evaluation of conventional MLDAB
converter.

respectively, highlighting the distinct voltage patterns achieved through the
modulation scheme. The result of the voltage difference results in inductor
voltage as in Figure 14(c). The behaviour of the inductor current as elaborated
in Figure 14(d), shows a characteristic rise when the voltage across the
inductor is positive and a decline during negative voltage intervals. This
controlled variation facilitates the flow of current from the vehicle to the
grid (V2G) of the MLDAB converter, thereby ensuring efficient and seamless
power transfer within the system.

The study adopts a uniform internal modulation index configuration
(di = doy = d3 = dy) fixed at 0.167, while systematically varying the
external phase shift ratio (d). The resulting THD percentages for these
corresponding parameter variations are determined to be 3.96, 3.63, 3.31,
3.39, 3.42 and 3.69 thereby to justify the proposed modulation strategy.
The operational framework considers the internal modulation index ratios
(d1 = d2 = d3 = d4) assigned a value of 0.167, in conjunction with (d) fixed
at 0.22. This particular set of parameters represents the optimal configuration
derived through the application of the Particle Swarm Optimization (PSO)
algorithm. The objective of this optimization is to systematically minimize
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inherent system losses while concurrently enhancing the overall efficiency
of the proposed converter, thereby achieving superior performance metrics
within the defined operational limits.

6.2 Real Time Results

Here the validation of results using the setup as shown in Figure 16, consist
of OPAL-RT (OP4510), power quality analyser, digital signal oscilloscope,
and a desktop computer.

6.2.1 Real time outcomes of conventional MLDAB converter
employing QPS modulation

Figure 17(a—b) illustrates the Real-time performance metrics of the con-
ventional converter operating in the forward mode. The difference in voltage
corresponding to the voltage across the inductor as in Figure 17(a). Addition-
ally, the Total Harmonic Distortion (THD) of the inductor current during the
G2V operation is recorded at 4.70%, as in Figure 17(b) indicating the quality
of current waveform under these conditions.

Figure 18(a—Db) illustrates the Real-time performance metrics operating
in the V2G mode. The voltage difference corresponding to the voltage across
the inductor as in Figure 18(a). Additionally, the Total Harmonic Distortion
(THD) of the inductor current during the V2G operation is recorded at 4.80%,
as in Figure 18(b), indicating the quality of current waveform under these
conditions.

Furthermore, this study conducts a comprehensive analysis for varying
external phase shift ratios d. Figure 19(a—f) encapsulates the inductor current
profiles alongside their respective THD spectra across a spectrum of d values.
The study adopts a uniform internal modulation index configuration (d; =
dy = d3 = dy) fixed at 0.17, and while systematically varying the external
phase shift ratio (d). The resulting THD percentages corresponding to these
parameter variations are determined to be 4.80, 4.50, 4.30, 4.40, 4.40 and
4.70 respectively.

6.2.2 Real time outcomes of proposed MLDAB converter using
PSO algorithm based modulation

Figure 20(a—b) illustrates the real-time performance metrics of the proposed

FLDAB converter operating in the forward mode. The difference in voltage

corresponding to the voltage across the inductor as in Figure 20(a). Addition-

ally, the Total Harmonic Distortion (THD) of the inductor current during the
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CRO
(Tecktronics TBS1102)

Figure 16 The setup for the validation of the results pertaining to the MLDAB converter.

G2V operation is recorded at 3.10%, as in Figure 20(b) indicating the quality

= Power Quality Analyser
Fluke 43B)

1t

of current waveform under these conditions.

Figure 21 illustrates the real-time performance metrics operating in the
V2G mode. The voltage difference corresponding to the voltage across the
inductor as in Figure 21(a). Additionally, the Total Harmonic Distortion
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(THD) of the inductor current during the V2G operation is recorded at 3.20%,
as in Figure 21(b), indicating the quality of current waveform under these
conditions.

Furthermore, this study conducts a comprehensive analysis for varying
external phase shift ratios d. Figure 22(a—f) encapsulates the inductor cur-
rent profiles alongside their respective THD spectra across a spectrum of d
values. The study adopts a uniform internal modulation index configuration
(di = d2 = d3 = dy) fixed at 0.167, and while systematically varying the
(d) as 0.18, 0.20, 0.22, 0.24, 0.26 and 0.28. The resulting THD percentages
corresponding to these parameter variations are determined to be as 3.5 %,
3.2 %, 3.0 %, 3.1%, 3.2% and 3.4% respectively.

The analysis of the FFT plots clearly demonstrates reduction in the
inductor current THD, thereby mitigating the associated heating effects.
Furthermore, Figure 23 presents a comparative analysis of the THD of current
across different values of d. The results unequivocally illustrate lower THD
in comparison to the conventional MLDAB converter, thereby indicating a
superior harmonic performance and enhanced operational efficiency.
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7 Performance Comparison

This study carries out a comparative analysis to assess the performance
enhancements of the proposed MLDAB converter harnessing PSO based
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Figure 23 THD (%) plot assessment for different d values.
Table 6 Comparative analysis.
Parameters Voltage | Degrees of Freedom No. of THD | Efficiency
Level (DOF) (Switches + Diodes) (%) (%)
SPS based DAB Converter [26] 1 2 8 17.54 88.78
EPS based DAB Converter[26] 2 3 8 16.58 91.08
DPS based DAB Converter [26] 2 3 8 7.60 91.20
TPS based DAB Converter [26] 3 3 8 5.28 91.28
QPS based MLDAB Converter[27] 5 5 9+4 4.30 95.50
Proposed MLDAB Converter 5 5 10 3.00 98.00

phase shift modulation. The findings indicate that harmonics is lower than
that of the conventional MLDAB converter as depicted in Figure 23. Further-
more, the proposed converter achieves improved efficiency, as illustrated in
Table 6 for a power rating of 1kW and for different power ratings as shown
in Figure 24, demonstrating its superior performance.

The proposed MLDAB converter topology, leveraging a PSO-based
modulation scheme, achieves a five-level output with a minimized com-
ponent count, thereby optimizing the overall efficiency. In contrast to the
conventional converter, which necessitates four diodes for operation, the
proposed MLDAB converter employs a single strategically placed active
switch, thereby obviating the need for multiple components. This reconfig-
uration not only includes a considerable reduction in component count but
also a substantial decrement in the overall system cost, thus reinforcing its
economic viability without compromising performance metrics.
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Figure 24 Efficiency assessment for different power ratings.

Furthermore, an examination of the conventional topology reveals that
the current conduction trajectory involves an active switch in series with two
diodes, as delineated in Figures 2 and 3. Conversely, the suggested topology
redefines the operational conduction path, wherein the same functionality is
realized exclusively by an active switch and a single diode, as illustrated
in Figures 7 and 8. This redistribution of switching elements significantly
alleviates the inherent circuital complexity while simultaneously augmenting
the system’s operational resilience.

Moreover, the implications of harmonic distortions in the HFL inductor
current manifest in increased root-mean-square (RMS) current, which in turn
results in a pronounced escalation in harmonics, results in excessive thermal
stress within the system components, thereby imposing severe constraints on
the overall system efficiency and long-term operational integrity. However,
the integration of the PSO-driven modulation scheme within the proposed
topology yield a profound attenuation of harmonic distortions, facilitating
a near-sinusoidal inductor current profile. This sinusoidal current waveform
significantly mitigates thermal accumulation within the HFT, thereby pro-
longing its operational lifespan while concurrently diminishing maintenance
and failure probabilities.

In culmination, the symbiotic interplay of reduced economic burden,
enhanced circuital simplicity, and superior reliability to achieve a high-
efficiency, low-harmonic operation within a optimized framework substan-
tiates its viability as an indispensable alternative to conventional power
conversion topologies.
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8 Conclusion

This paper presents a novel five-level dual active bridge (FLDAB) converter
topology using PSO based modulation technique. The proposed topology
designed to reduce inductor current harmonics as well as reduced component
count, thereby decreasing losses and improving the efficiency, resulting in
the overall enhanced performance. This study develops and simulates the
suggested MLDAB converter with PSO algorithm-based modulation within
the MATLAB/Simulink environment. The analysis reveals that the proposed
MLDAB converter produces a nearly sinusoidal HFL current waveform.
Furthermore, the results have been compared with those obtained from the
conventional converter and it shows that the proposed MLDAB converter
achieves lower inductor current harmonics across a broad range of operating
conditions, as well as the increased efficiency is achieved. The OPAL-RT
emulator results further validate these findings.

References

[1] Das, Himadry Shekhar, et al. “Electric vehicles standards, charging
infrastructure, and impact on grid integration: A technological review.”
Renewable and Sustainable Energy Reviews 120 (2020): 109618.

[2] Muratori, Matteo, et al. “The rise of electric vehicles—2020 status and
future expectations.” Progress in Energy 3.2 (2021): 022002.

[3] Alam, Mohammad Saad, et al. “A bibliographical review of electrical
vehicles (XEVs) standards.” SAE International Journal of Alternative
Powertrains 7.1 (2018): 63-98.

[4] Caro, Luis Manuel, et al. “State of charge influence on the harmonic dis-
tortion from electric vehicle charging.” IEEE Transactions on Industry
Applications 57.3 (2021): 2077-2088.

[5] A. Khaligh and M. D’Antonio, “Global Trends in High-Power On-
Board Chargers for Electric Vehicles,” IEEE Trans. Vehicular Technol-
ogy, vol. 68, no. 4, pp. 33063324, April 2019.

[6] Dar, Uzma, Anwar Shahzad Siddiqui, and Farhad Ilahi Bakhsh. “Design
and control of an off board battery charger for electric vehicles.”
Distributed Generation & Alternative Energy Journal (2022): 959-978.

[7] Rexy, A. Inba, and R. Seyezhai. “A comparative study of active power
factor correction ac-dc converters for electric vehicle applications.”
Journal of Engineering & Applied Sciences (2013).



Improved Performance of Dual Active Bridge Converter 397

[8] Reddy, B. Raja Sekhar, VC Veera Reddy, and M. Vijaya Kumar.
“Design and Analysis of DC-DC Converters with Artificial Intelli-
gence Based MPPT Approaches for Grid Tied Hybrid PV-PEMFC
System.” Distributed Generation & Alternative Energy Journal (2023):
1307-1330.

[9] Gupta, Jitendra, et al. “Improved power quality charging system based
on high step-down gain bridgeless SEPIC APFC for light electric
vehicles.” IEEE Transactions on Industry Applications 58.1 (2021):
423-434.

[10] Kumar, Aswin Dilip, Jitendra Gupta, and Bhim Singh. “A single-
stage charger for LEV based on quadratic buck-boost AC-DC converter
topology.” IEEE Transactions on Industry Applications (2023).

[11] Singh, Bhim, and Radha Kushwaha. “Power factor preregulation in
interleaved Luo converter-fed electric vehicle battery charger.”” IEEE
Transactions on Industry Applications 57.3 (2021): 2870-2882.

[12] C. Shi, A. Khaligh and H. Wang, “Interleaved SEPIC Power Factor
Preregulator Using Coupled Inductors In Discontinuous Conduction
Mode With Wide Output Voltage,” IEEE Trans. Ind. Appl., vol. 52,
no. 4, pp. 3461-3471, July—Aug. 2016.

[13] Gorji, Saman A., et al. “Topologies and control schemes of bidirec-
tional DC-DC power converters: An overview.” IEEE Access 7 (2019):
117997-118019.

[14] Harinaik, Sugali, and Shelas Sathyan. “Design and Analysis of Quasi-Y
Source High Gain DC/DC Resonant Converter for Renewable Energy
Applications.” Distributed Generation & Alternative Energy Journal
(2023): 569-594.

[15] Kumar, G. Kiran, and D. Elangovan. “An LLC Resonant Half-Bridge
Converter Optimal Design Using First Harmonic Approximation:
A Complete Step-by-Design.” Distributed Generation & Alternative
Energy Journal (2023): 841-874

[16] Zhao, Biao, et al. “Overview of dual-active-bridge isolated bidirectional
DC-DC converter for high-frequency-link power-conversion system.”
IEEE Transactions on power electronics 29.8 (2013): 4091-4106.

[17] He, Peiwen, and Alireza Khaligh. “Comprehensive analyses and com-
parison of 1 kW isolated DC-DC converters for bidirectional EV
charging systems.” IEEE Transactions on Transportation electrification
3.1 (2016): 147-156.

[18] Zhao B, Yu Q, Sun W. “Extended-phase-shift control of isolated bidi-
rectional DC-DC converter for power distribution in microgrid.” IEEE



398 Khurshid Ul Haq et al.

Trans Power Electron. 2012;27(11):4667-4680. doi: 10.1109/TPEL.2
011.

[19] Liu P, Chen C, Duan S, Zhu W. “Dual phase-shifted modulation strategy
for the three-level dual active bridge DC—DC converter.” IEEE Trans Ind
Electron. 2017;64(10):7819-7830. doi: 10.1109/TIE.2017.2696488.

[20] Huang J, Wang Y, Li Z, Lei W. “Unified triple-phase-shift con-
trol to minimize current stress and achieve full soft-switching of
isolated bidirectional DC-DC converter.” IEEE Trans Ind Electron.
2016;63(7):4169-4179. doi: 10.1109/TIE.2016.2543182.

[21] Yao Y, Xu S, Sun W, Lu S. “Hybrid modulation scheme for dual active
bridge converter that employs the triangular modulation and the single
phase shift modulation.” Int J Circuit Theory Appl. 2016;44(11):1982—
2002. doi: 10.1002/cta.2206.

[22] Filba-Martinez, Alber, Sergio Busquets-Monge, and Josep Bordonau.
“Modulation and capacitor voltage balancing control of multilevel NPC
dual active bridge DC-DC converters.” IEEE Transactions on Industrial
Electronics 67.4 (2019): 2499-2510.

[23] Karthikeyan, V., and Rajesh Gupta. “Distributed power flow control
using cascaded multilevel isolated bidirectional DC—DC converter with
multi-phase shift modulation.” IET Power Electronics 12.11 (2019):
2996-3003.

[24] Liu, Peng, Changsong Chen, and Shanxu Duan. “An optimized modula-
tion strategy for the three-level DAB converter with five control degrees
of freedom.” IEEE Transactions on Industrial Electronics 67.1 (2019):
254-264.

[25] Yadeo, Dharmendra, et al. “Analysis, design and performance charac-
terisation of transistor clamped dual active bridge DC-DC converter in
wide voltage range.” IET Power Electronics 14.1 (2021): 63-77.

[26] Yadeo, Dharmendra, and Pradyumn Chaturvedi. “Performance charac-
terization of t-type multilevel dual active bridge DC-DC converter.”
IEEE Transactions on Industry Applications 59.2 (2022): 1877-1886

[27] Bheemraj, T. S., V. Karthikeyan, and S. Kumaravel. “A quintuple phase
shift modulation scheme in multilevel dual active bridge converter for
battery energy storage system.” International Journal of Circuit Theory
and Applications 51.4 (2023): 1665-1684.

[28] Stabile, Antonino, Chiara Boccaletti, and Antonio J. Marques Cardoso.
“A power loss measurement method applied to static power converters.”
IEEE Transactions on Instrumentation and Measurement 62.2 (2012):
344-352.



Improved Performance of Dual Active Bridge Converter 399

[29] Abraham, Yosief Hailemariam, et al. “Estimating power losses in Dual
Active Bridge DC-DC converter.” 2011 2nd International Conference on
Electric Power and Energy Conversion Systems (EPECS). IEEE, 2011.

[30] “Core Loss Datasheet - MnZn Ferrite - N87.indd.”

[31] “High-Frequency Magnetic Components by Marian Kazimierczuk pub-
lished in 15" of November 2013, Print ISBN:9781118717790 —Online
ISBN:9781118717806 —DOI: 10.1002/9781118717806”

Biographies

Khurshid Ul Haq received his Bachelor’s degree in Electrical Engineering
from Jammu University and his Master’s degree in Power Electronics and
Drives from Kurukshetra University, Kurukshetra. He is currently pursu-
ing a Ph.D. in Power Electronics and Electric Drives at the Department
of Electrical Engineering, National Institute of Technology (NIT), Srina-
gar. His research interests include power electronics, DC-DC Converters,
AC-DC Converters, Improved Power Quality Converters, and Electric Vehi-
cle Battery Chargers.

Y. [

Farhad Ilahi Bakhsh (Senior Member, IEEE) received B. Tech degree in
Electrical Engineering and M. Tech. degree in Power Systems & Drives
from Aligarh Muslim University (AMU), Aligarh, India in 2010 and 2012,



400 Khurshid Ul Hagq et al.

respectively. Then he pursued Ph.D. from Indian Institute of Technology
Roorkee, India in 2017. During his Ph.D. he developed a new method for grid
integration for wind energy generation system which has been recognized
worldwide. Currently he is serving as Assistant Professor in Department of
Electrical Engineering, National Institute of Technology Srinagar, Jammu &
Kashmir, India. His research area of interests includes Performance Analysis
and new applications of Variable Frequency Transformer, Application of
Power Electronics & Drives in Renewable Energy Systems (Solar & Wind),
Multilevel Converters, Multilevel DC-DC DAB Converters, Alternate Energy
Vehicles (Electric/ Hybrid) and Multi-phase Drives.

Obbu Chandra Sekhar received his B. Tech degree in Electrical & Elec-
tronics Engineering from JNTUH, India in 2005 and M. Tech with power
Electronics and Electrical Drives from Vignan’s Engineering College, Vad-
lamudi, India in 2008. He obtained his Ph. D. from J.N.T.U College of
Engineering, Hyderabad in 2014. Currently he is serving as a Professor
in Department of Electrical Engineering, National Institute of Technology
Delhi, India. His Research interests are Power Electronics and Electric
Drives.



	Introduction
	Conventional Topology
	Control Strategy of Conventional Converter
	Proposed FLDAB Converter
	Proposed PSO Based Modulation Control Strategy of FLDAB Converter
	Operating Principle of Proposed FLDAB Converter
	Harmonic Approach with PSO-Algorithm for Improved System Performance
	Efficiency and Loss Estimation
	Losses in switches
	Losses in high frequency transformer
	Efficiency calculation


	Results 
	Simulation Results
	Simulation Outcomes of Conventional FLDAB Converter Employing QPS Modulation
	Simulation outcomes of proposed FLDAB converter using PSO algorithm based modulation

	Real Time Results
	Real time outcomes of conventional MLDAB converter employing QPS modulation
	Real time outcomes of proposed MLDAB converter using PSO algorithm based modulation


	Performance Comparison
	Conclusion

