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A non-isolated DC-DC converter topology is proposed in this paper, which is
distinguished by its superior performance and reduced component count in
comparison to conventional converter designs. The suggested architecture is
especially appropriate for applications demanding a large voltage step-up
since it achieves an improved voltage conversion ratio and excellent

efficiency. The addition of a voltage-boosting element, which is an inductor

combined in series with a switching device, to the source side of a
Keywords: conventional boost converter is a unique feature of the suggested converter.
To confirm the converter's operating features, a thorough theoretical analysis
has been carried out, including stability and steady-state evaluations. In
addition, a hardware prototype with a 200 V output and 100 W power rating
Power converter was created in order to test the converter's functionality. With a peak
Voltage boosting method efficiency of 94.3%, the prototype showed good agreement with analytical
Voltage gain forecasts. The suggested converter is a viable option for renewable energy
applications because of its high voltage gain, small size, and efficiency. This
is especially true for solar systems and other distributed energy sources, where
low component counts and high step-up ratios are preferred.
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1. INTRODUCTION

With the increasing use of renewable power resources in industries such as automobiles and
communication, switched mode power converters have become more widely used. In particular, the boost
converter is commonly used in renewable power generation applications, although it does have some
drawbacks, such as the reverse recovery problem of diodes. Numerous approaches for voltage boosting have
been surveyed [1]. Techniques for raising voltage to reduce stress switching and increase static gain are briefly
covered. In. An extensive review is presented of a non-isolated high gain converter using the voltage lift
approach in [2]. A voltage raise technique boost converter with an extended topology may be found in [3].
Through experimental oversight, an efficiency of about 93.5% is obtained for a 12 V input voltage. A non-
isolated step-up converter based on voltage multiplier cells has been reported in [4] for raising static voltage
gain. Regenerative clamping circuitry is provided by the voltage multiplier cell in the converter, which further
lessens the electromagnetic interference (EMI) issue.

The high gain DC-DC converter discussed in [5] showcases an impressive efficiency of nearly 93%.
This is achieved by utilizing a clamping circuit and a voltage boost cell, alongside a coupled inductor that
connects the clamping circuit and flyback converter to boost voltage gain. A double-switch converter based on
complementary inverse Watkins-Johnson (CIWIJ) converter is presented, which aims to increase the gain by

Journal homepage: hitp://ijape.iaescore.com/


https://creativecommons.org/licenses/by-sa/4.0/

Int J Appl Power Eng ISSN: 2252-8792 a 523

reducing the passive element count [6]. In [7], [8], the authors present a converter for low-power applications
with fast dynamic response under load variations. The converter is designed to overcome the right half plane
zero problem, which is a significant issue in conventional boost converters.

The authors inevitably addressed a coupled inductor-based converter in [9]-[11] that lowers the
voltage stress on switches. The diode's reverse recovery time is a major downside of this structure. The
Sheppard-Taylor converter was introduced in [12], showcasing regulated output voltage and less ripple in input
and output current. This structure was designed for the non-isolated boost converter, even though the
converter's voltage gain relation originally limited its operation to boost converters [13]. The importance of
battery selection in electric vehicle (EV) is discussed [14]. Bidirectional resonant wireless power transfer
scheme is adopted to charge the EVs is discussed in [15]. A control strategy for hybrid energy storage for speed
regulation of brushless direct current (BLDC) motor is discussed [16]. In [17]-[22], authors discussed the
various control schemes employed in EV for charging. The soft switching-based converter control schemes
and energy management strategies employed while integrating renewable sources in EV [23]-[25].

Despite the numerous studies available power converter topology for static gain improvement and
reduction in voltage drop and losses, there is still a lot of scope for research in this area. Based on the studies,
a boost converter structure has been designed with a minimum number of circuit elements. Comparing the
designed boost converter to the boost converter shows that the voltage boosting element consisting of an
inductor and a switch improves the static voltage gain.

In this paper, the construction and operation of the modified boost converter is explained in section 1,
followed by an investigation of the converter in section 2. Section 3 elaborates on the design procedure of
parameters and stability study of the converter is elaborated in section 4. Section 5 discusses simulation results.
In sections 6 and 7, performance comparison and experimental validation of the converter are presented,
followed by conclusion.

2. EXPLANATION OF THE MBC CIRCUIT

The modified boost converter (MBC) circuit is depicted in Figure 1(a) and comprises of switches, S;
and S, inductors, L; and Lo, a diode, D, and an output filter capacitor, C. This MBC is designed by placing an
additional inductor and switching in the existing boost converter. The switches, S| and S, operate at a

frequency (f). Certain presumptions are established to investigate the MBC's stable state of operation. First, it
is assumed that semiconductor elements are ideal, and the impact of the power switches’ parasitic resistance,
voltage drop across the diode, analogous resistance of the inductor, and capacitors are ignored. Second, the
value of inductors L; and L, is assumed to be alike. Finally, the filter capacitor C is deemed to be sufficiently
huge to maintain the load voltage for the assumed load power. The MBC operates in two distinct modes, each
characterized by unique V and I waveforms of the circuit elements.

2.1. Mode 1 (to<t<tp)

In this mode, S; and S are in conduction state, and L; and L, are energized in parallel with the voltage
of Vin. The Ir; and 11> inductor currents are increasing linearly with the source voltage. Diode D becomes off,
and the filter capacitor C is discharged to the Ry resistor. Figure 1(b) depicts the current path direction. Using
Kirchhoff’s voltage law (KVL), the voltage expression of the inductors and capacitors are given in (1) to (4).

U = Vip = Vi M
o 3
v, =V, “)

Where v, is the voltage across the capacitor. The state space equation of the MBC is given in (5) and (6).
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By applying Kirchhoff’s current law (KCL) to Figure 1(b), the capacitor current i. is expressed as (7) and (8).
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2.2. Mode 2 (t1<t<t2)

During this period, switches are in off state, and L and L, elements are in series with Vin. The diode
D conducts, and the source current I flows through L, D, C, and L,. Hence, I1; and I1, currents are equal to
the source current I;. Figure 2(a) illustrates the direction of the current path. The current and voltage waveforms
for continuous conduction mode are illustrated in Figure 2(b). The voltage across the circuit elements by
applying Kirchhoff's law. The Vi, and Vi, expressions of L; and L, are given in (9) and (10).

Vin—vc

vy, = Lt ©)
Vin—vc
v = (10)
Similarly, the capacitor current I obtained by using KCL is given as (11) and (12).
I +1,=1, (11)
e _ I Ve
dt = € RpsC (12)
The state space equations in matrix form are given in (13) and (14).
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Figure 1. Modified boost converter: (a) circuit diagram and (b) mode 1 circuit
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Figure 2. Modified boost converter: (a) mode 2 circuit and (b) V and I waveforms

3. DESIGN PROCEDURE
By applying the volt-second balancing principle, the static gain of the MBC is derived. This derivation
uses the relationships expressed in (2) and (9), as shown in (15) and (16).

deT d;il dt + f;;—d)r d;il dt = 0 (15)
dT Vinp 1-dTVipn—ve _
fo Zdt + de 2L, 0 (e

On simplifying (16), the voltage conversion gain of the MBC is:

Vo _ 1+d
- (an

3.1. Inductor selection
Source voltage, ripple current, operating frequency, and duty ratio are some of the variables that

affect the choice of inductors L; and L,. The (18)—(20) provide the inductance value needed for the high-gain
modified converter to function in continuous conduction mode.

di

Vy=L==V, (18)
N

V, =Ly =V (19)

The inductor ripple is calculated as:

_ VinD
AiLfs

Ly =1L, (20)
3.2. Capacitor selection

The filter capacitor value of the converter is computed using output power rating (P), output voltage,
voltage ripple of the capacitor, and frequency. The calculation is presented in (21).

P

C =
VoAvcfs

ey

3.3. Voltage stress on power switch and diode
The potential stress Vpsi and Vps, on power switches S; and S; is evaluated. The analytical expression
is presented in (22).

_ VintVo

Vps1 = Vps2 = > (22)

The voltage across the diode VD is given in (23).

Vo= Vin+V, (23)
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4. DYNAMIC ANALYSIS AND DESIGN OF CONTROLLER FOR MBC
The behavior of a power converter over a time can be articulated by its generalized state space average
model. This is presented in equations (24) and (25).

O = ax(t) + Bu(®) (24)
y(t) = Cx(t) + Du(t) (25)

duty cycle. From (5), (6), (13), and (14), the state space expression of the MBC is given in (26) and (27).
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The open loop transfer equation of the modified boost converter with specification in Table 1 yields in (28).

vy _ 2.269e%s

TF = =
Vin  S(S?2+5.73954+4.95¢%)

(28)

The previously stated transfer equation is deduced to be a second-order system from (28). Figure 3
displays the frequency characteristics under open loop conditions. The open-loop system exhibits a phase
margin of 0.762 degrees, with complex conjugate poles positioned at (-2.87 - j222) and (2.87 + j222) within
the negative real axis. To improve the transient response and increase the phase margin, a lead compensator is
designed. The generalized transfer function of the lead compensator is given in (29).

Ge(s) = a(

The closed loop control of MBC is shown in Figure 4. The error signal computed from Virand Vimea
is given as input to the lead compensator G¢(s). The output of the compensator e. is fed to the plant transfer
equation G(s). The output of the plant function G(s) is multiplied with feedback H(s) to get the Ve, signal.
The value of feedback H(s) is considered as unity. The overall transfer expression in closed loop is given in (30).

1+sT
1+saT

) (29)

vy 1.008e%s%+3.468e%s
Vin  S*+153453+1.067e¢6s%2+4.225e8s

TF =

(30)

The frequency response of the closed loop system is presented in Figure 5. The stability of the system is
evident with an infinite gain margin, and the closed-loop system exhibits a phase margin of 76.8 degrees.

Bode Diagram
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Figure 3. Frequency response under open loop condition
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Table 1. Comparative analysis of the MBC with other topologies

Parameters Boost converter Ref. [4] Ref. [5] Ref. [10] Modified boost
Voltage gain 1/1-D (1+D)/(1-D) 1/D(1-D) (3-2D))/(1-2D (1+D)/(1-D)
Voltage stress on switch Vo - Vo Vs2) (Vo-Vin)/2 (VotVin)/2
Voltage stress on diode Vo V,—Vg, - (Vo-Vin) (Vo+Vin)
Switch count 1 1 2 2 2
Inductors count 1 2 2 1 2
Capacitor count 1 3 2 3 1
Diode count 1 3 3 4 1
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Compensator " Traus.fer "
Function
Feedback

His)

Figure 4. Closed loop control of high gain boost converter
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Figure 5. Frequency response under closed loop condition

5. PERFORMANCE COMPARISON

Table 1 displays the comparison of the MBC's performance with that of other converters. A duty ratio
comparison of the MBC's static gain with various boost converters is displayed in Figure 6. The MBC delivers
the uppermost voltage gain of 19, which is 1.8 times higher than that of a boost converter. The MBC and the
converter in [4] have a similar voltage conversion ratio, but the converter in [4] uses a voltage lift technique to
augment the static gain. The MBC’s voltage conversion ratio is 19.15% elevated than that of the converter
topology in [5]. Furthermore, the modified boost converter's output voltage is around 70% more than that of
the boost converter when operated at 0.7 duty ratio. While the modified converter necessitates additional
inductors and power switches, it achieves parity with the boost structure regarding the quantity of diodes and
capacitors employed. In contrast to the converters outlined in references [5] and [10], the proposed boost
converter employs fewer circuit elements. The amount of voltage stress on the redesigned converter is
estimated to be 60% of the potential at the output. In contrast, the boost converter's power switch voltage loss
corresponds to 100% of the load side potential. Hence, the power switch voltage drop is lower in the MBC
than in the boost converter. The reduction in switch voltage stress leads to reduce the power loss in switches
thereby improving efficiency. The increase in voltage stress leads to reduce lifetime of the switch. However,
the converters in [5] and [10] use either switched capacitor or voltage lift method, resulting in lesser voltage
drop. The inductors placed in series with the switch stores the energy during ON time and release the energy

Design and analysis of two switch DC-DC converters for E-vehicle applications (Jayanthi Kathiresan)



528 a ISSN: 2252-8792

during OFF time. Thus improves the voltage of the output. The efficacy of MBC at the rated condition is
approximately 94.6%. The MBC can use the onboard charging unit in E-vehicles. Increase in output voltage to
a large extent, leads to reverse recovery problem is the limitation of MBC. The modifications in the MBC for
fast charging are replacing silicon devices with wide band gap devices; replace diodes by means of bidirectional
switches enables bidirectional power flow in the MBC. This modification leads to high cost but improves the
performance.

Voltage Gain
[y
o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Duty Ratio

= o= Conventional Boost «ssgss Converter [5] ssmpe==Proposed Converter

Figure 6. Voltage gain comparison

6. RESULTS AND DISCUSSION

The MATLAB Simulink tool is used to develop and simulate the MBC. The modified converter is
specified for 100 W power, operating with a source voltage of 48 V. The planned structure maintains a potential
at the load side to 200 V.. The resistive load is considered for simulation and experimental analysis with circuit
parameters tabulated in Table 2. The theoretical idea of the MBC operating in continuous conduction mode
(CCM) is validated by the development of a virtual and experimental laboratory model.

The Simulink diagram and the corresponding diode and inductor voltage and current waveforms are
shown in Figures 7(a)-7(c) (see Appendix). The prototype, depicted in Figure 7(d) (see Appendix) and its
corresponding experimental results are shown in Figures 7(e)-7(g) (see Appendix). Gating pulses were
generated by a PIC 18F452 microcontroller, utilizing its CCP unit to achieve a specified operating frequency
of 21 kHz. With a source input of 48 V, the prototype achieved a voltage gain of 9.53, resulting in an output
voltage of 200 V, as illustrated in Figure 7(e). These experimental findings align closely with the simulated
and theoretical values, validating the efficacy of the proposed boost topology design. Figures 7(f) and 7(g)
depict the waveforms of inductor and diode’s current and voltage, respectively. Analysis of these waveforms
revealed an average source current of 1.36 A for a load power of 100 W, with an average load current of
490 mA under the same load power. Notably, the voltage across the diode was observed to be the addition of
the voltages at the input and output, corroborating the theoretical calculations. Furthermore, the mean voltage
stress across the switch was approximately 58 V, indicating that the potential across the switches S; and S
averaged the input and output voltages. This observation underscores the efficiency of the MBC in minimizing
voltage drop across the switches while providing high gain. The experimental efficacy of the MBC was found
to be 94.6% under rated load conditions. This high efficiency further validates the practical viability of the
MBC design.

Table 2. Simulation specification

Parameters Value
Supply voltage 48V
Inductor 0.36 mH
Output capacitor 100 uF
Output voltage 200 V
Switching frequency 21 kHz
Output power 100 W
Power switch IRFP460
Power diode MUR3020PT
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7. CONCLUSION

The MBC is designed to minimize voltage loss on switches and increase static voltage gain. To
increase voltage, this is accomplished by connecting an inductor in series with a switch. This component
operates in parallel with a source once the switches are closed and in series with the source once the switches
are on. Reliability and efficacy make this topology an excellent option for direct current (DC) microgrid
network applications, also, with an output voltage of 200 V4. and a voltage gain 1.8 times higher than a boost
converter. It also reduces voltage stress. A 100 W experimental hardware prototype model was used to test the
suggested converter, confirming its efficacy.
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Figure 7. Hardware waveforms: (a) Simulink diagram of MBC
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Figure 7. Hardware waveforms: (b) simulated diode voltage waveform, (c) simulated inductor current
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waveform, (d) prototype model, and (e) output voltage (continued)

Design and analysis of two switch DC-DC converters for E-vehicle applications (Jayanthi Kathiresan)
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Figure 7. Hardware waveforms: (f) inductor current (Ir1, Ir2) and (g) diode voltage (Do) (continued)
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