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Renewable energy sources like hydro, wind, geothermal and solar along with fuel cells are nowadays solutions to the global energy crisis, environmental issues, and
fossil fuel exploitation. The nature of the output of these renewable sources is D.C. The role of DC-DC converters in the integration of energy sources with microgrids
is vital. These converters find their major applications in power generation, energy systems, vehicular applications, portable electronic devices, aerospace, etc. These
converters help to boost the voltage and improve the reliability, stability, efficiency, and performance of the system. This study gives a brief overview of three DC-DC
converters of non-isolated topology. They are: Clamped H-type boost DC-DC converter, Multi-Port Dual-Active-Bridge DC-DC Converter, and Four-Phase Interleaved Four-
Switch Buck-Boost Converter. This study will make researchers learn and make their concept clear about the operation, performance, and usage of these converters.

Introduction

The rising concern of pollution and energy shortage has led
human society to shift towards clean and sustainable energy
sources. Integration of renewable energy sources like solar,
wind, hydro, etc. into microgrids has opened ways for mitigating
growing energy demand [1,2]. The output of these sources are
D.C supply. Electric Vehicles (EV) and Fuel Cell Electric Vehicles
(FCEV) are substitutes for conventional vehicles. These vehicles
use electric motors in place of IC engines [3,4]. The power
electronic converters act as the intermediaries between power
generation and load. They have replaced conventional voltage
divider circuits, power conversion circuits, and rheostats which
have low efficiency and low output voltage [5,6]. The DC-DC
converters were first introduced in the year 1920. They have
a wide area of application. Converters stabilize the output
voltage of the system during intermittent conditions. The
quality of power obtained from renewable energy systems
depends heavily on the control technique and stable operation

of the power converter [7-9]. Boost converters were the first
converters used; all converters are derived from this. Boost
converters are more widely and popularly used when it comes
to renewable energy applications as they are simple in design
[10]. Theoretically, the voltage gain in the case of a boost
converter can go to infinity for unity as the duty cycle. But,
with an increase in duty cycle, there are certain issues like
shorter turn-off period of a switch, increased conduction
losses, current ripples, turn-off current, and high voltage
stress which makes the cost of high voltage stress switch more
[11].

To improve the reliability of the system and to achieve a
constant output voltage at the load side, a wide voltage gain
DC-DC converter is used to connect with a high-voltage DC
bus [12,13]. The DC-DC converters used for this purpose should
have some specific features like high efficiency, high reliability,
and small size [14]. The selection of a proper DC-DC converter
for the desired application is a very crucial step as it affects the
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system’s output and operating performance largely. In the case
of FCEVs, the converter used must have a continuous input
current and low current ripple [15]. The DC-DC converters
in the literature are classified based on isolated and non-
isolated topologies for obtaining wide voltage gain. An isolated
DC-DC converter has a high-frequency transformer located
between the input and output side to provide galvanic isolation
[16] to protect sensitive loads by enhancing safety and also
transmitting the input power to the output side. The output
in these converters has a high immunity to noise interference.
They are more suitable for applications where a high voltage
gain ratio is required due to a magnetic transformer. This
makes the converter bulky and complex. In the case of two-
stage power transformation, the two stages are DC-AC-DC [17].
The non-isolated DC-DC converters are cost-effective, simple
in design, and do not have galvanic isolation. Researches are
carried out on non-isolated converters for improved switching,
enhanced efficiency, fault-tolerant operation, control and
switching strategies, and renewable energy applications [18-
20]. The non-isolated type of DC-DC converters due to their
high efficiency and low cost are used in FCEVs. Figure 1 shows
different types of converters.

The non-isolated converters of high voltage gain mainly
focus on multistage techniques, switched capacitors, voltage
multipliers, switched inductors, and coupled inductors [21,22].
It is easy to achieve high voltage gain in a coupled inductor
converter butalarge current ripple is seen in the case of a single-
stage single-phase-coupled inductor converter which reduces
the life span of FCs in FCEV [23]. A switched inductor converter
attains high voltage gain but it exerts a high voltage stress on
diodes [24]. A boost-type DC-DC converter can provide a wide
voltage range when used with a switched capacitor structure
[25]. A three-level DC-DC boost converter having low input
current ripple and limited voltage gain for interfacing fuel
cell stack is presented in [26]. A high-frequency Pulse Width
Modulation (PWM) voltage is applied between the grounds

of the input and output port which causes Electromagnetic
Interference (EMI) problems and maintenance issues. A
common ground structure to increase the reliability of the
converter is presented in [27]. A converter having a wide input
voltage range, lower voltage gain, low input current ripple, and
non-common ground topology is presented in [28]. A larger
duty cycle enhances the voltage gain but it also increases the
conduction loss in power switches. A switched capacitor-based
double switch boost converter with a non-common ground
topology of duty cycle in the range 0-0.5 to reduce conduction
loss of power switch is proposed in [29]. This study gives an
overview of three such converters namely a Clamped H-type
boost DC-DC converter With a Wide Voltage-Gain Range, a
Multi-Port Dual-Active-Bridge DC-DC Converter, and a Four-
Phase Interleaved Four-Switch Buck-Boost Converter. The
converters are explained in sections II, III, and IV respectively.
The study is concluded in section V.

Clamped H-type boost DC-DC converter

The clamped H-type boost DC-DC converter is interfaced
with the FC stack in FCEVs where it works as a step-up device.
The output voltage of FC stacks is DC in nature and of low value
which cannot be used directly and is thus boosted and regulated
using a step-up stage. This converter has various advantages
such as a wide input voltage range, high voltage gain, minimum
conduction losses, reduced input current ripple, and voltage
stress on capacitors and power semiconductors. This increases
the efficiency and reliability of the converter making it capable
of use in FCEV. The authors in [30] used this converter along
with a switched capacitor structure. The capacitor-clamped
H-type structure consists of two switches S, S, along with Q,,
Q,, diodes D,, and D,, capacitor C, and inductor L. The structure
of the switched capacitor consists of diodes D,, D,, and D, and
capacitors C,, C, and C,. The advantages of the inclusion of a
switched capacitor structure are a reduction in voltage stress
from semiconductors and capacitors and high voltage gain. A
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Figure 1: Different converter configurations.

Citation: Gupta AK, Mitra U, Verma HK (2024) A study of converter configurations for vehicular applications. Trends Comput Sci Inf Technol 9(1): 010-022.

DOI: https://dx.doi.org/10.17352/tcsit.000075



™ PeertechzPublications Inc.

https://www.peertechzpublications.org/journals/trends-in-computer-science-and-information-technology ‘ 8

Switched-capacitor-based DC-DC converter was proposed in
[31] with one capacitor and one diode less than this converter
and a higher voltage gain. A non-common ground of input-
output, large input current ripple, and one diode with high
voltage stress were some of its disadvantages. The analysis
of the clamped converter is done during the continuous
conduction of the input current. The duty cycle of Q, is d, and Q,
is d, where d,=d,=d with 180° phase difference between the two
gates signals [30]. The operating condition of Q, and Q, decides
the number of switching states. A total of four switching states
for operation are there. They are 00, 01, 10, and 11. The value ‘0’
represents the OFF state and ‘1’ represents the ON state of the
power switches. The switching state 11 is achieved only when
the value of duty cycle d is higher than 0.5. During the range of
the duty cycle between 0.5-1, the switching states are 01, 10 &
11 which means at least one switch among Q, and Q, has to be
in the ON state, leading to continuous charging of the inductor.
Due to this, the range of the converter’s duty cycle lies between
0 to 0.5.

The sequence of three switching states of the converter
during each switching period is 10-00-01-00. During S S,
=10 as depicted in Figure 2(a), the switch Q, is ON and Q, is in
OFF condition. The polarization of diodes D,, and D, is inverse
whereas for diodes D,, D, & D, it is direct. The charging of
inductor L is accomplished through a rising current i, linear
in nature. A parallel connection could be observed between
capacitors C, and C, as well as between C, and C,. Further, a
series of connections of these elements is done to supply power
to the load. S,S, = 00 indicates the OFF state of switches Q, and
Q, as shown in Figure 2(b). In this case, a direct polarization
of diodes D,, D,, D, and D, is observed whereas inverse
polarization of diode D, is done. A linear decrement in the
inductor current could be observed. The energy of inductor L
is transferred to C, and C,. Inductors L and C, not only charge
the capacitor C, but also supply the load. The switch Q, is in OFF
condition whereas Q, is in ON condition during S S,=01. This
is shown in Figure 2(c). Here, D, and D, are directly polarized
whereas the diodes D,, D, and D, have inverse polarization. The
inductor L gets charged through the current i, that has a linear

incremental nature. A parasitic resistance limits the current of
diode D, of the converter. Capacitor C, charges C, whereas C,
supplies the load. Figure 2(d) represents an equivalent circuit
of the converter.

This converter offers a wide input voltage range along
with high voltage gain. The verification of these converters is
possible for all ideal components. The values of inductances
and capacitances are considered to be large enough with
constant voltages appearing across the capacitors. The diodes
D, and D, are forward-biased. The voltages across C, and C, are
equal as they are connected in parallel same is the case with
capacitance C, and C,. The expression of the voltage gain of this
converter while operating in continuous current mode can be
deduced using volt second balance of the inductor:

2Vind+(Vin _Vl)(l_Zd):O
N=h=r=>Vn (1)
Vo=V3+V,

Where, V, represents input voltage, V, represents output
voltage, V,, V,,V,, V, represents the voltage across the capacitors
namely C, C,, C, and C .- Eqn. (1) could be rewritten as:

2
V,=——1YV. 2
0 1—2d in (2)

1
Vi=Vy=Vya=V,=—V, (3)
1 2 3 4 1—2d in
On the basis of eqn. (2) and eqn. (3), the voltage gain can

be determined by:

2

M=—- (4)
1-2d

Where d is the duty factor of range o<d<o.5. The range
of d is so selected to avoid a narrow pulse of waveforms of
PWM voltage. To avoid a narrow pulse of waveforms of PWM
voltage all power semiconductor components, during the high

Figure 2: Configuration of Clamped H-type boost DC-DC converter. Different switching states of the converter are shown in Figure 2(a), Figure 2(b) & Figure 2(c). The

equivalent circuit of this converter is represented in Figure 2(d).
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voltage gain are kept at ON state time whereas a time period
close to 0.5T is chosen for OFF state time during each cycle. The
converter achieves high voltage gain for a small value of duty
cycle d i.e. 0.5 which further helps in decreasing conduction
loss of power switches. The converter experiences a decrease
in conduction loss for a short conduction time of the switch
with voltage gain lying between 2 and 20. The voltage gain M
and the overall conduction time ¢t of the switch can be related
using the following expression:

M -2

xT
on % (5)

t

The value of the average inductor current I, can be found
out by:
2 v,

Iy = x (6)
L 1-2d R

Here, R represents the load resistor. During S S =10, a linear
increment of inductor current occurs which can be given by

dxV.
aip =1 (7)

Lf
The inductor ripple current is denoted by i, and switching
frequency is denoted by f. The value of the current ripple ratio
r for an inductor can be determined by using eqn. (6) and eqn.

(7):

_id(l—h{)sz

7

: (8)
I 4Lf
In real time, the value of M is kept between 5 and 16. For
M greater than 5, there is a decrement in the ripple ratio of
the input current of this converter leading to a continuous
waveform of input current. The value of r is 28.5% when the
voltage gain reaches 16.

Since, D, and C,, Q, and C, and D, and C, are in a parallel
state when Q,, D, and D, are in an OFF state whereas Q,, D, and
D, are in ON states, the voltage across the parallel-connected
power semiconductors will be equal. The voltage across these
components is shown in eqn. (9)

1

Vo2 =Vp1="c1 =5Vo

1
Vp3 =Vp4 =Vc2 :gVo
1
Vo1 ="p2 ="c1 =5Vo
1
VD5 =Vp3 =5V0

(9)

This shows that in this converter the voltage stress across
all capacitors and power semiconductors is half of the output
voltage. This converter also possesses a frequency doubling
characteristic which leads to a reduction of the volume of the
capacitor and inductor used here. The major limitation of this
converter is its usage of five diodes which increases the reverse

recovery losses and conduction losses which further decreases
the efficiency of this converter. However, the power switches
of this converter have small conduction losses. The waveform
of this converter is shown in Figure 3.

Current-fed hybrid dual active bridge DC-DC converter

The converter consists of four power MOSFETS S, S, S,,
and S, at the input side operating as a dual boost half-bridge
converter along with two inductors L, and L,. The output side
consists of an auxiliary half-bridge and a full bridge [32]. A
similar current-fed DC/DC converter is proposed in [33] based
on the FC model and load disturbance conditions. The auxiliary
half bridge is constructed using S, and S,, MOSFETS whereas
the full bridge is constructed of four MOSFETS namely S, S,
S,, and S;. A high-frequency transformer with a turn ratio of 1:
n connects the two sides. The transformer’s leakage inductance
is represented by L. Figure 4 represents this converter. The
converter has a voltage conversion ratio that is given by:

"

M = (10)

20V,

Attheinput side, the switches S, andS,, S, and S, are operated
complimentarily with a fixed duty cycle of 50%. The switches
S, and S, are separated by a phase shift of T /2. The switching
period is denoted by T,. On the output side, switches S, and S,
S, and S, and S, and S, are also complement to each other. S,
and S, have a fixed duty cycle of 50% whereas the gating signal
of power switch S, lags behind S, by a phase shift ratio of ¢. The
power switches S, and S are turned on along with S, and S,.
The Zero-Voltage Switching (ZVS) for a wide operating range
can be obtained for all switches for an appropriate duty cycle. i,
denotes the current flowing through the leakage inductor. The
voltage across points 1 & 2 is represented by V,, whereas V,,
represents the voltage across points 3 & 4.

The operation of the entire switching period of this converter
could be separated into 12 stages but due to symmetry in the
operating mode, the half-switching cycle will be discussed

5y
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Figure 3: Waveforms of Clamped H-type boost DC-DC converter.
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since the other half is similar to it. The configurations of
the converter at different durations of the switching periods
from t, -t are shown in Figure 4(a-f) respectively. Before t,,
the power switches S, S,, S, S, S,/ are on and i, decreases
linearly. At the instant t,, S, and S, are turned off. This makes
the junction capacitors attached to the switches at the input
side resonate with L, L, and L,. The difference between the
currents i, and i, charges the capacitor of S, and discharges the
capacitor of S, until the voltage across the drain to the source of

S, reaches zero. After that, the diode of S, will start conduction
after the gating signal of S,. Similarly, the sum of i, and I, will
charge the capacitor of S, and discharge the capacitor of S, until
ZVS is obtained. At instant t,, S, and S, are turned ON. The ZVS
can be obtained if L, L, and L, are properly designed. After the
completion of the resonance period, V,, is equal to V,  and V,,
is equal to —V /2 which results in a linear increment of I . At
this time, the voltage across both S, and S, is V /2. This can be
represented by the following equation:

S

Lt : E JE ZXT

L

La

fin i m 7
- | =

L1
:m_4 Jvl'j_j { : SL LSm Ve

Sl Sy T -

1) 71

+
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Figure 4: Schematic diagram of the current-fed hybrid dual active bridge (DAB) DC-DC converter. The configurations of the converter at different switching periods are
shown in Figure 4(a-f).
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Ma=Ve
V34:7V02 (11)
Vio =Vay/n
’L(f)—’L(’z) L L34 ("’2)

Ss and S, are turned off at t,. The junction capacitors of S,
S, and S, will get charged whereas junction capacitors of S, and
S, will discharge due to secondary current i, of the transformer
till voltage across S, and S, reaches zero. The voltage across S
and S, increases to V_ whereas across S the voltage increases
to V /2. This results in the conduction of body diodes of S,
and S, until their gate signals arrive. At time instant t,, the
power switches S, and S, are turned on with the ability of ZVS.
The value of V_ is less than V /n, which will result in a linear
decrease of current I, as per the relationship given in eqn. (12).
At this condition, there will be no flow of secondary current i,
through the bidirectional switch constructed by S, and S,. At
t., the switch S is turned off. The junction capacitors of S, will
be charged whereas that of S, and S, will be discharged due to
i, till the V¢ voltage of S, gets incremented and reaches Vo/2
whereas that of S, falls to Vo/2 and S, falls to zero. Although S,
is still on but then also the conduction by the body diode of S |
initiates. Finally, at t, when i, is negative the S, gets turned on
with ZVS after which a linear increment could be observed in
the current i, as per the relation mentioned in eqn. (13).

N2 ="
V34 =V (12)
v Vans/ln
zL(t)zlL(t4) 12 L34 (z z4)
N2 ="

V
V34 = % (13)

The duty cycle d at the output side and phase shift ratio ¢
control the transferred power P by the converter [32]. Different
waveforms of i, for fixed input power and voltage are achieved
by varying the possible combinations of ¢ & d which further
leads to different ZVS conditions. The waveforms showing the
operation of this converter theoretically are represented in
Figure 5. The switches are turned on during t,-t,. The value
of current i, flowing through leakage inductance L at these
moments can determine the Zero Voltage Switching value.
A piecewise relation exists between P and ¢. For V, >30V, a
non-monotonic relation is observed between P, and ¢ where a
minimum point for P, exist. The coordinates thus can be given
by:

6m2 -19m+12

oz=———— 1
2(9m2 -36m + 40) (14)

P stVii (m _1)(’" _2)

L(Bm2 —l2m+8) o)

The non-monotonicity causes instability which could be
avoided if the minimum power is higher than the rated power.
This could be accomplished if the value of leakage inductance
satisfies the following relationship:

iy (m-1)(m-2)

2
Prated (3m —12m+8)

L<

(16)

The ZVS condition for switches at the primary side can be
given by:

i (to) > iL2 (’0) (17)

The relation between input inductance and leakage
inductance can be given by:

L (—Sm2 +8md+m—2)L (18)

in
The range of m, d, ¢ can be concluded as:

0<<0.5

0<d<05
+d < 0.5
1.1<m<1.8

(19)

In order to ensure ZVS, the design specification for input
side inductance at the primary side is

L,<5L (20)

The range of voltage ripple across C, should be narrow.
Thus, the clamping capacitor should be designed accordingly.
The voltage across the clamping capacitor can be obtained by:

t
v (6)=| [ (i (0)=ip (2))ar |1 ¢y 4, (21)
lo
AV, voltage ripple across the capacitor C, can be calculated
by:

aVe = max{Vc (’xa )’Vc (txc)} —min{Vc (to)’Vc (txb)}

(22)

The current i, intersects i, at three instants ¢ , t,, and t
as shown in Figure 5(b). The following conditions should be

satisfied so as to limit AV_to a smaller value.

NS IND
¢ _ 705% (23)
VC 2Vi

The duty cycle of the switches at the input side is fixed to 50
with an open loop control scheme thus the value of clamping
capacitor C, can be taken as 60uF. Thus, the average voltage
across the clamping capacitor can be found out by:

()
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Ve =2V; (24)

For identical input inductors L, and L,, the input current i,
can be given as

i () =iy (1) i1, (1) (25)

Thus, it is evident that if L, and L, are identical then
there will be zero high-frequency current ripple and i, will
be a constant DC current. The low-frequency ripple is also
suppressed in this converter by using a dual-loop control. This
increases the impedance at the output of the converter which
reduces the current ripple obtained from the stacked fuel cell.

Four-phase interleaved four-switch buck-boost con-
verter

Interleaving technology improves the converter’s dynamic
response and power density making it more widely used
for high-power applications [34]. This interleaved DC/DC
converter is multi-phased and employs magnetic integration
which reduces the converter’s cost as well as enhances the
power density [35,36]. The phases interleaved strategy reduces
the ripple present at the output of the converter [37]. A four-
mode control strategy is proposed in [38] to improve the
converter’s control strategy. For reduction in inductor current
ripple, the Zero Voltage Strategy of this converter should be
realised at its full range [39,40]. The schematic diagram of a

Four-Phase Interleaved Four-Switch Buck-Boost Converter is
shown in Figure 6. Here in Figure 6 L, __  represents inductance
& M describes the switches. The converter consists of four
switches S, S, S, and S, along with an output filter capacitor
C, and a shared inductor L. Here, the switches S, and S, form
a buck bridge whereas S, and S, form a boost bridge both with
complimentary conduction [41]. The duty cycle of switch S, and
switch S, is denoted by d, and d, respectively. The converter’s
voltage gain M can be achieved using the principle of volt-
second balance after non-ideal parameters are ignored these
parameters are parasitic components of the circuit and power
loss.

V. d
1\/[:7071 (26)
Vin l_dZ

It can be said that M is affected only due to d, and d, whereas
the gain of the converter is not affected due to the phase shift
angle between two bridge arms and switching frequency.
The interleaving technology is provided through magnetic
integration which consists of inductors. This interleaving
technology is useful to reduce large ripples in input and
output current, and high current stress of the switches, and
improves the converter’s overall efficiency. There is a phase
difference of 90° between every two phases as it drives the
corresponding switch. There is no decrement in the ripples in
the inductor current of each phase thus increasing the number
of interleaving phases which further increases the weight and
volume of the magnetic element. The significant integration
of magnetic circuits to interleaved circuits improves the
dynamic performance as well as reduces the losses of magnetic
elements of the converter. Figure 7 shows the topology of the
four switch, Four-Switch Buck-Boost Converter.

The converter here operates in a three-mode control
strategy as per the input and output voltage relation where the
three modes are boost, buck, and buck-boost. If the value of
d, of Buck Bridge is 1, at this instant S, is on, S, is off and the
switching actions are performed by S, and S, then the converter
behaves like a synchronous rectifier boost converter. If the
value of d, of Boost Bridge is 0, at this instant S, is on, S, is off
and the switching actions are performed by S, and S, then the
converter behaves like a synchronous rectifier Buck converter.
The moment when the value of output voltage V_ is close to
input voltage then all four switches will turn on at the same
time and the converter will operate in buck-boost mode. At a
time, two switches are turned on whereas switches forming

.Magng__tig_!@g{ggmﬁan
R R
— Mg} =EXERN M4}

Figure 6: A schematic representation of Four-Phase Interleaved Four-Switch Buck-
Boost Converter topology [23].
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the corresponding bridge arms are also turned on at a phase
shift of 90° for preventing the direct voltage. Table 1 shows
all the switching states of the converter operation. Here, V
represents the inductor voltage.

The equivalent circuit of all operating modes of the converter
is shown in Figure 7(a-d). In mode 1 shown in Figure 7(a),
the load receives the stored energy released by the inductor
in boost mode. This same could happen in buck mode also
where energy storage by the inductor is made possible using
the battery. Mode 2 occurs in boost mode as shown in Figure
7(b). To realize higher output voltage in comparison to input
voltage the inductor uses more energy to charge. Mode 3 occurs
in buck mode where the inductor releases stored energy as

Table 1: Switching states of FSSB converter.

operstingmodes | s, |8, |.s, | s | V. |
1 1 0 0 1

V,-Vo

shown in Figure7(c). This mode doesn’t appear in boost mode
but can appear in the Buck-Boost mode as there is a circulation
of inductor current. Practically, for control purposes the time
for the circulation current of the inductor should be less. The
main waveforms of inductor current and voltage and driving
voltage of three operating modes are shown in Figure 7(d).
The waveform of the driving voltage, inductor current, and
inductor voltage of the converter under three mode control for
three operating modes is shown in Figure 8. There is a frequent
transition of the modes in this transistor due to disturbances
which could be reduced by adding A. The waveforms of the
ripple of the inductor current and output current of each phase
of a four-phase interleaved FSBB converter are shown in Figure
9. It is observed that after a phase interleaved connection there
is an offset in the ripple current of the inductor.

Table 2 below shows a comparison of the Clamped H-type
boost DC-DC converter, Current-Fed Hybrid Dual Active Bridge
DC-DC Converter, and Four-Phase Interleaved Four-Switch
Buck-Boost Converter based on parameters like Voltage Gain,

2 1 0 1 0 Vi switching components, diodes, etc. The table shows that each
3 0 1 0 1 -V, capacitor has different properties and can be used as per the
4 0 1 1 0 0 functional requirement, and disturbances on load.
Tin L
| s
+
+
1 Si |2 1
— ZX I Jf ZX 1
L
— |
Vin Va Vb | Vo
F e —— Ro
o
S: = X p— ij ZX f—
-

Figure 7: Topology of Four-Switch Buck-Boost Converter. The schematic representation of different configurations of the converter at different modes is shown in Figure

7(a-d).

Vin

T,
—
+
i —
Vb Vo

Co ——— Ro

Figure 7(a): Mode 1.
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Figure 7(b): Mode 2.

Co T’ —

Figure 7(c): Mode 3.

Ro

Figure 7(d): Mode 4.

Conclusion

There are several isolated and non-isolated converters
available in the market. The non-isolated converters are simple,
efficient, and easy to maintain which makes them popular in
comparison to others. This paper dealt with three such non-
isolated converter configurations that are popular and have
been used widely in recent times for vehicular applications.
These three converters are a clamped H-type boost DC-DC
converter, a current-fed hybrid DAB DC-DC converter, and a
four-phase interleaved four-switch Buck-Boost converter. The
performance of converters is analysed on the basis of voltage

gain, size of the circuit, efficiency, and voltage stress. As seen
in the study, the capacitor-clamped H-type boost DC-DC
converter has several benefits wide voltage gain range while
ignoring the narrow-pulse of PWM voltage waveform, lower
power conduction loss of switches, lower voltage stress on
capacitors and power semiconductors and lower input current
ripple. Similarly, a current-fed hybrid DAB DC-DC converter
has less high-frequency ripples of input current in comparison
to conventional interleaving technology. The notch filter as
seen here effectively reduces the low frequency. Finally, a
four-phase interleaved four-switch Buck-Boost converter
topology reduces ripples of output current to a large extent
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Figure 8: Three-mode control waveforms of converter: (i) Boost (ii) Buck-Boost (iii)
Buck.

Wit

Figure 9: Waveforms of the output current ripple & inductor current ripple of each
phase.

Table 2: Comparison of the above three mentioned converters.

Four-Phase
Clamped H-type | Current-Fed Hybrid Interleaved Four-
Parameters boost DC-DC | Dual Active Bridge DC- X
Switch Buck-
converter DC Converter
Boost Converter
’ 2 Vo _ d 4
1. Voltage Gain M=— m=——=— M=—
1-2d 2V 2n 1-d,
2. Power Switches 2 10 4
3. Diodes 5 - -
Input C t
npu urrgn 28.5% Low Low
ripple ratio
Switchin f
9 2f f
frequency
C
ommon Yes Galvanic Isolation Yes
ground
7. Voltage Stress Low Low Low

and improves the efficiency. This converter has three modes of
operation depending on the input-output voltage relationship.
They are Buck, Buck-Boost, and Boost modes. This three-mode
control strategy solves the discontinuous voltage gain issue
and shows good dynamic performance while maintaining a
smooth transition between these three modes. Although they
can be applied in various fields, they are most suitable for
vehicular and power generation applications specifically for
fuel cell stacks.

References

1. Buberger J, Kersten A, Kuder M, Eckerle R, Weyh T, Thiringer T. Total CO2-
equivalent life-cycle emissions from commercially available passenger cars.
Renew. Sustain. Energy Rev. 2022; 159: 112158.

2. Gupta AK, Singh RK. Short-term day-ahead photovoltaic output forecasting
using PCA SFLA-GRNN algorithm. Frontiers in Energy Research. 2022; 10.
Doi:10.3389/fenrg.2022.1029449.

3. Mitra U, Arya A, Gupta S, Guta AK. A Brief Overview on Fuel Cell Electric
Vehicles. 2022 International Conference on Emerging Trends in Engineering
and Medical Sciences (ICETEMS), Nagpur, India. 124-129. doi: 10.1109/
ICETEMS56252.2022.10093428.

4. Pan G, Bai Y, Song H, Qu Y, Wang Y, Wang X. Hydrogen Fuel Cell Power
System—Development Perspectives for Hybrid Topologies. Energies. 2023;
16: 2680.

5. Wu X, Wang J, Zhang Y, Du J, Liu Z, Chen Y. Review of DC-DC converter
topologies based on impedance network with wide input voltage range and
high gain for fuel cell vehicles. Automotive Innovation. 2021; 4: 351-372.

6. Pathak PK, Yadav AK, Padmanaban S, Alvi PA, Kamwa |. Fuel cell-based
topologies and multi-input DC-DC power converters for hybrid electric vehicles:
A comprehensive review. IET Gener Transm Distrib. 2022; 16: 2111-2139.
https://doi.org/10.1049/gtd2.12439

7. Mitra U, Dubey V. A study of Smart Grid Systems. Handbook of Research
on Emerging Materials and Designs for Wearable Antennas by IGI Global
e-Editorial Discovery. chapter-11. 2021; 127-138. Doi:10.4018/978-1-7998-
7611-3.ch011.

8. Sivakumar S, Sathik MJ, Manoj PS, Sundararajan G. An assessment on
performance of DC-DC converters for renewable energy applications. Renew
Sustain Energy Rev. 2016; 58: 1475-1485.

9. Mumtaz F, Zaihar Yahaya N, Tanzim Meraj S, Singh B, Kannan R, Ibrahim O.
Review on non-isolated DC-DC converter and their control techniques for
renewable energy applications. Ain Shams Eng J. 2021; 12: 3747-3763.

Citation: Gupta AK, Mitra U, Verma HK (2024) A study of converter configurations for vehicular applications. Trends Comput Sci Inf Technol 9(1): 010-022.

DOI: https://dx.doi.org/10.17352/tcsit.000075



™ PeertechzPublications Inc.

10.

20

21

22.

23.

24,

25.

26.

27.

28.

.Wang H, Gaillard A, Hissel

https://www.peertechzpublications.org/journals/trends-in-computer-science-and-information-technology ‘ 8

Erickson RW, Maksimovic D. Fundamentals of Power Electronics. 2nd ed.
Norwell, MA, USA: Kluwer, 2001.

D. A review of DC/DC converter-based
electrochemical impedance spectroscopy for fuel cell electric vehicles. Renew
Energy. 2019; 141: 124-138.

. Akter F, Roy TK, Islam MS, Alkhateeb AF, Mollah MA. Predictive Maximum

Power Point Tracking for Proton Exchange Membrane Fuel Cell System. IEEE
Access. 2021; 9: 157384-157397.

. Affam A, Buswig YM, Othman AKBH, Julai NB, Qays O. A review of multiple

input DC-DC converter topologies linked with hybrid electric vehicles and
renewable energy systems. Renewable Sustainable Energy Rev. 2021; 135:
110186.

. Rehman Z, Al-Bahadly I, Mukhopadhyay S. Multi-input DC-DC converters in

renewable energy applications—An overview. Renewable Sustainable Energy
Rev. 2015; 41: 521-539.

. Reddy KJ, Natarajan S. Energy sources and multi-input DC-DC converters used

in hybrid electric vehicle applications—A review. Int J Hydrogen Energy. 2018;
43(36): 17387-17408.

. Quan S, Hao S, Huang L. Novel double-closed-loop control for DC/DC converter

with large voltage step-up ratio. Proc. CSEE. 2011; 15: 28-35.

. Yao C, Ruan X, Wang X. Automatic mode-shifting control strategy with input

voltage feed-forward for full-bridge-boost dc-dc converter suitable for wide
input voltage range. IEEE Trans. Power Electron. 2015; 30: 1668-1682.

. Ramtekkar P, Dudhe S, Gupta A, Meshram M. Distance Relaying with Power

Swing Detection in the Presence of Distributed Resources. In: Kolhe ML, Jaju
SB, Diagavane PM. (eds) Smart Technologies for Energy, Environment and
Sustainable Development. 2022, Vol 2. ICSTEESD 2020. Springer Proceedings
in Energy. Springer, Singapore. https://doi.org/10.1007/978-981-16-6879-
1_53.

. Gupta AK, Gupta P. A Novel Control Scheme for Single and Three Phase

Dynamic Voltage Restorer Using PSCAD/EMTDC. 2018 International
Conference on Smart Electric Drives and Power Systems (ICSEDPS), Nagpur,
India. 2018; 44-49. doi: 10.1109/ICSEDPS.2018.8536000.

. Todorovic MH, Palma L, Enjeti PN. Design of a wide input range DC-DC

converter with a robust power control scheme suitable for fuel cell power
conversion. |[EEE Trans Ind Electron. 2008; 55: 1247-1255.

. Arunkumari T, Indragandhi V. An overview of high voltage conversion ratio

DC-DC converter configurations used in DC micro-grid architectures. Renew
Sustain Energy Rev. 2017; 77: 670—-687.

Hsieh YP, Chen JF, Liang TJ, Yang LS. A novel high step-up DC-DC converter
for a microgrid system. IEEE Trans. Power Electron. 2011; 26(4): 1127-1136.

Tang Y, Fu D, Wang T, Xu Z. Hybrid switched-inductor converters for high step-
up conversion. IEEE Trans Ind Electron. 2015; 62(3): 1480-1490.

Bi H, Jia C. Common grounded wide voltage-gain range DC-DC converter for
fuel cell vehicles. IET Power Electron. 2019; 12(5): 1195-1204.

Wang P, Zhou L, Zhang Y, Li J, Sumner M. Input-parallel output-series DC-DC
boost converter with a wide input voltage range, for fuel cell vehicles. IEEE
Trans Veh Technol. 2017; 66(9): 7771-7781.

‘INc'l, M. Design and Analysis of Dual Level Boost Converter Based
Transformerless Grid Connected PV System for Residential Applications. In
Proceedings of the 4th International Conference on Power Electronics and
their Applications (ICPEA), Elazig, Turkey, 25-27 September 2019; 1-6.

Youn HS, Yun DH, Lee WS, Lee 10. Study on Boost Converters with High Power-
Density for Hydrogen-Fuel-Cell Hybrid Railway System. Electronics. 2020; 9:
771.

Ponniran A, Orikawa K, Itoh J. Minimum flying capacitor for N-level capacitor
DC/DC boost converter. In Proc Int Conf Power Electron Ecce Asia. 2015;
1289-1296.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wang P, Zhou L, Zhang Y, Li J, Sumner M. Input-parallel output series DC-DC
boost converter with a wide input voltage range for fuel cell vehicles. IEEE
Trans Veh Technol. 2017; 66(9): 7771-7781.

Bi H, Wang P, Che Y. A Capacitor Clamped H-Type Boost DC-DC Converter
With Wide Voltage-Gain Range for Fuel Cell Vehicles. In IEEE Transactions on
Vehicular Technology. 2019; 68(1): 276-290. doi: 10.1109/TVT.2018.2884890.

Nguyen MK, Duong TD, Lim YC. Switched-capacitor-based dual-switch high-
boost DC-DC converter. I[EEE Trans Power Electron. 2018; 33(5): 4181-4189.

Sha D, Xu Y, Zhang J, Yan Y. Current-Fed Hybrid Dual Active Bridge DC-DC
Converter for a Fuel Cell Power Conditioning System with Reduced Input
Current Ripple. In IEEE Transactions on Industrial Electronics. 2017; 64(8):
6628-6638. doi: 10.1109/TIE.2017.2698376.

Zhao D, Li H, Xia L, Fang C, Ma R, HuangFu Y, Zhao B. Research on Predictive
Optimization Control of Current-fed Half-bridge DC/DC Converter for
Aerospace Fuel Cells. Proc CSEE. 2022; 42: 6436-6449.

Abbas FA, Abdul-Jabbar TA, Obed AA, Kersten A, Kuder M, Weyh T. A
Comprehensive Review and Analytical Comparison of Non-Isolated DC-DC
Converters for Fuel Cell Applications. Energies. 2023; 16(8):3493. https://doi.
0rg/10.3390/en16083493.

Liu S, Wang J, Tai S, Gao D. Research on High Power Interleaved Fuel Cell DC-
DC Converter. Mech Electr Eng Technol. 2021; 50: 6-11.

Reddy KJ, Sudhakar N. High voltage gain interleaved boost converter with
neural network based MPPT controller for fuel cell based electric vehicle
applications. IEEE Access. 2018; 6: 3899-3908.

Li X, Liu Y, Xue Y. Four-Switch Buck-Boost Converter Based on Model
Predictive Control With Smooth Mode Transition Capability. IEEE Transactions
on Industrial Electronics. 2020; 68: 9058-9069.

Zhang Z. High-Efficiency Silicon Carbide-Based Buck-Boost Converter in an
Energy Storage System: Minimizing Complexity and Maximizing Efficiency.
IEEE Industry Applications Magazine. 2021; 27(3): 51-62.

Zhou Z, Li H, Wu X. A Constant Frequency ZVS Control System for the Four-
Switch Buck-Boost DC-DC Converter with Reduced Inductor Current. IEEE
Transactions on Power Electronics. 2019; 34(7): 5996-6003.

Liu Q, Qian Q, Zheng M, Xu S, Sun W, Wang T. An Improved Quadrangle
Control Method for Four-Switch Buck-Boost Converter with Reduced Loss
and Decoupling Strategy. IEEE Transactions on Power Electronics. 2021; 36 9:
10827-10841.

HeY, Chen W, Deng J, Xu M. A Four-Phase Interleaved Four-Switch Buck-Boost
Converter with Smooth Mode Transition Strategy for Fuel Cell System. 2021
IEEE Sustainable Power and Energy Conference (iSPEC), Nanjing, China. 2021;
3175-3181. doi: 10.1109/iSPEC53008.2021.9735634.

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights

&

&

Signatory publisher of ORCID
Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

Journals indexed in ICMJE, SHERPA/ROMEQ, Google Scholar etc.
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
Dedicated Editorial Board for every journal

Accurate and rapid peer-review process

Increased citations of published articles through promotions

Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
https:/www.peertechzpublications.org/submission

Peertechz journals wishes everlasting success in your every endeavours.

Citation: Gupta AK, Mitra U, Verma HK (2024) A study of converter configurations for vehicular applications. Trends Comput Sci Inf Technol 9(1): 010-022.
DOI: https://dx.doi.org/10.17352/tcsit.000075



