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ABSTRACT
PV based traction systems employ DC-DC convert- ers for boosting the PV output voltage to adequate levels.
Modern traction applications requires high voltage levels (500V to 750V) and hence, conventional boost
converters are inadequate. In order to establish an efficient traction system, a high step-up gain interleaved DCDC converter is presented. A high step-up gain interleaved DC-DC converter is designed by combining the
switched capacitor and regenerative boost (SCRB) configuration. Since the switched capacitor and regenerative
boost operations take place simultaneously, the voltage gain and efficiency is improved. In addition,
interleaving reduces ripple content, which helps to elongate the lifetime of traction motors. Moreover, it offers
low switching stress across the semiconductor devices. A comparison of key performance factors like voltage
gain, switching stress and ripple content of the interleaved SRCB converter is made with other conventional
converters using MATLAB simulation. It is seen that SCRB converter is superior in all key factors. FPGA is
used to generate pulses for the switches.
Index Terms—SCRB, Regenerative Boost, FPGA
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I.
INTRODUCTION
design due to resonant behavior in nature for
The dc-dc converter is the most promising
boosted-up operation. Varieties of dual coupledand attractive converter for renewable energy
inductor and single inductor based reconfigurable
systems. In solar and wind energy conversion
converters were reported in recent days and they
system the generation voltage level is so far from
can operate with high efficiency under transient
grid voltage. After voltage source inverter (VSI)
conditions.
However,
they
introduce
stage, a transformer is mainly used to step-up the
electromagnetic interference (EMI), more device
AC voltage to meet grid requirement for effective
count and additional snubbed circuitry is required to
synchronization. Because of cost, size, and weight
mitigate stored energy present in leak- age
of the 50Hz transformer it becomes the primary
inductance. After all these converters, an ultra-high
burden in grid connected solar PV-system and hence
gain converter [11] is proposed with low voltage
it decreases the whole system efficiency. In order to
stress. However, the converter DC-voltage gain is
avoid the use of a transformer, a high step-up gain
not sufficient to meet DC-link voltage. The
DC-DC converter is presented by combining the
galvanically isolated type dc-dc converters arrived at
switched capacitor and regenerative boost (SCRB)
the market to increase appropriate conversion ratio.
configuration in this work. In classic boost type and
But, it has several issues like voltage stress on the
derived converters, the device stresses and losses
primary switch, increased size and volume and also
associated with the converter are high and result in
EMI issues. Among these, the switched capacitor
lower efficiency. In this converter, the switched
(SC) converters are the most common solution to
capacitor and regenerative boost operations take
achieve improved gain. When the switched capacplace simultaneously using lossless passive
itors are integrated with classic boost type, the DCcomponents and a minimum number
of
voltage gain drastically improves. Obviously, the
semiconductor devices. However, the modified
reactive components of the converter increase to
converter presented further[7] operate at lower duty
attain higher DC-voltage gain.
A new SC-based
ratio to support for higher conversion ratio. The
active network converter (SC-ANC) was proposed
harmonic boosted resonant Converter [8] presented
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later [16]. However, the device stresses are high and
comparatively less DC-voltage gain. In the
proposed converter, the switched capacitor and
regenerative boost
operations
take place
simultaneously using lossless passive components
and a minimum number of semiconductor devices.
Thereby, it highly increases the DC-voltage gain
and enhances efficiency. In addition, it also
dominates with fewer ripple content, which helps to
elongate the lifetime of devices and suppress the
electromagnetic interference.
A high step-up gain DC-DC converter with
switched capacitor and regenerative boost
configurations introduced recently [1]. This
operation takes place simultaneously using lossless
pas- sive components and a minimum number of
semiconductor devices. Thereby, it drastically
increases the DC-voltage gain and enhances
efficiency. It also dominates with fewer ripple
content, which helps to elongate the lifetime of
devices
and suppress the electromagnetic
interference. In non-isolated single-inductor DC/DC
converter with fully reconfigurable structure for
renewable energy applications [2] discussed a
topology is to integrate a regenerative load such
as DC bus and motor with dynamic braking,
instead of the widely reported consuming load, with
a photovoltaic (PV)-battery system. Switchedcapacitor/switched-inductor structures for getting
transformer less hybrid DC-DC PWM converters
[3] introduced a few simple switching structures,
formed by either two capacitors and two-three
diodes (C-switching), or two inductors and twothree diodes (L-switching) are proposed. The main
advantage of the new converters is their lower
energy in the magnetic elements, what leads to
weight, size and cost saving for the inductors. A
novel non-isolated ultra- high voltage gain DC-DC
converter [4] with low voltage stress is presented.
While keeping high voltage gain, this topology
illustrates low switching voltage stress resulted in
high efficiency. In [5] it gives the idea of an energy
efficient charging technique for switched capacitor
voltage converters with low duty ratio. Charging a
capacitor array of a switched- capacitor (SC) DCDC converter, supplying load circuits with a very
short active period, can be pivotal to achieve high
energy efficiency of its operation. This is because
the capacitors may lose most of the stored energy
during a long sleep period, and thus every sleep-to
active transition requires full recharging of the
capacitors. In this work, an energy efficient
capacitor charging technique called split-capacitor
charging, which charges a capacitor array in a stepwise fashion is presented.
An isolated coupled inductor integrated
DC-DC converter with non-dissipative snubber for
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solar energy applications are introduced[6]. The
proposed converter realizes high step- up voltage
gain without incurring a high coupled inductor turns
ratio by adapting a dual-voltage doubler circuit. In
[7] describes a galvanically isolated DC-DC
converter based on current-reuse hybrid-coupled
oscillators. This work presents a fully integrated
DC-DC converter consisting of only two CMOS
chips, which are a power oscillator with integrated
transformer and a full-bridge rectifier. A thick intermetal oxide layer guarantees a galvanic isolation
rating as high as 5 kV. A current-reuse hybridcoupled oscillator is proposed, which is based on a
three-winding tapped isolation transformer and
improves both output power and silicon area
occupation.
In order to overcome the problems pointed in above
papers a high step-up gain DC-DC converter with
switched capacitor and regenerative boost
configuration is introduced combining switched
capacitor and regenerative boost configuration. The
main goal of this converter is to achieve high DCvoltage gain by avoiding the use of the transformer
in solar PV applications due to cost, size and
weight.

II.

OPERATING PRINCIPLE OF THE
PROPOSED CONVERTER

A.

Configuration of The Proposed Converter
Because of cost, size, and weight, the
transformer is the pri- mary burden in grid
connected solar PV-system and it decreases the
whole system efficiency. Normally the switched
capacitor networks are used to improve the
voltage gain in an efficient manner. Hence goal of
this work is to improve the
voltage gain by
regenerating the boosted voltage using switched
inductor and capacitor during on state of the
switches. During the off state of the switches, the
reactive elements will discharges consecutively.
Hence voltage gain increases to an extreme level.
High step-up gain DC-DC gain converter
contains three active switches S1, S2, S3 inductors
L1, L2, L3 and diodes D1, D2, D3 and D4. It
also consist of capacitors C1, C2 and C3. The
additional components L3 and switch S3 forms the
interleaving structure. Figure 1 shows the
interleaved high step-up gain DC-DC converter.
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Fig. 1. Interleaved High Gain Converter
B.
Operating Modes of The Proposed
Converter
Two major operating modes are identified in the
converter at every switching period.
Fig. 4. Theoretical Waveforms
Mode 1
The same gating signals are given to all the
three switches present in the converter. In mode 1
operation both the three inductors are charging. At
this instant only capacitor C2 is charging and
capacitors C1 and C3 are discharging. The current
paths are clearly depicted in the circuit as shown in
Fig. 2. During this interval, the theoretical
waveforms are illustrated in Fig. 4.

switched capacitive regenerative boost converter
there is both continuous mode discontinuous mode.
But for the practical applications, mainly
concentrating on the continuous current conduction
mode. For an interleaved SCRB converter there are
mainly two modes of conduction. A proper design
should be done for all the components in order to
get the maximum voltage gain with reduced voltage
stress and improved effi- ciency.

III.

Fig. 2. Operating Circuit Of Mode 1
Mode 2
In mode 2 operation the three switches are in OFF
condition and both the three inductors are
discharging. At this instant only capacitor C2 is
discharging and capacitors C1 and C3
are
charging. The current paths are clearly depicted in
the circuit as shown in Fig. 3. During this interval,
the theoretical waveforms are illustrated in Fig. 4.
The current path is depicted as in the figure 4. In a
normal

DESIGN OF THE COMPONENTS

The high step-up gain DC-DC converter is
designed for input voltage 24V with a duty ratio of
0.8. Beyond this duty cycle, the inductor core is
saturated and generates noise in the circuit. The
converter operates at 10kHz for an output power of
100W.
A. Duty Ratio and Output Voltage
For any practical applications, the dc-dc
converter must be operated at lower duty ratios to
get maximum efficiency and the duty ratio can be
extended up to 0.8. Beyond this duty cycle, the
inductor core is saturated and generates noise in the
circuit, which automatically degrades the
performances.
Vo = Vin ∗ D

(1)

Vo = 24 ∗ 0.8 = 720V

(2)

Fig. 3. Operating Circuit Of Mode 2
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Fig. 5. (a)Gate pulse (VgS2), (b) Voltage across
switch (VS2) ,and (c)Current through switch (IS2)

IV.

SIMULATION RESULTS AND
ANALYSIS

A. Simulation Results
Simulation parameters for the high gain DC-DC
SCRB converter and interleaved SCRB converters
are same which is given in Table 1.
TABLE I: SIMULATION PARAMETER

Fig. 6. Inductor Currents (a)(IL1)(b)(IL2)c(IL3)

An input voltage Vin of 24 V gives an
output voltage Vo
of 720 V for an output power
Po of 100 W. The switches
are MOSFET/Diode
with constant switching frequency of 10 kHz. The
duty cycle of switches is taken as D=0.80.
Figure 5 shows the gate pulses and voltage across
the switches S1, S2 and S3. The same duty ratio is
given to all the three switches. The switch S1 and
S3 has the voltage stress 113.5V. The second switch
S2 has the voltage stress 620V. Figure 6 shows the
current through the three inductors present in the
DC-DC high step-up interleaved converter. The first
two inductors present in the input side has currents
1.9A each. The third inductor L3 has current of
2.8A through it.
Figure 7 shows the output voltage and output
current of the interleaved converter. The new
proposed high gain step-up
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Fig. 7. (a)Output Voltage(Vout), (c)Output
Current (Iout )

interleaved converter has output voltage of 761.5V
and ripple content is 1V. Output current is 0.1302A
and ripple of the output current is 0.0002A.
B.
Analysis
The analysis of bidirectional DC-DC converter is
carried out by considering parameters like voltage
gain, efficiency, and duty cycle.
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Efficiency Vs Output power
Efficiency of a power equipment is defined
at any load as the ratio of the power output to the
power input. The efficiency is the fraction of the
input power delivered to the load. A typical curve
for the variation of efficiency as a function of
output power is shown in Figure 8. The converter
efficiency is around 80% for 100W output power
for R load. The converter efficiency is around
76.9% for 100W output power for RL load. For an
interleaved SCRB converter the efficiency is 91.8%
and for RL load the efficiency is about 88.1% for a
load of 100W.

Fig. 8. (a)Efficiency of converters in R and RL
Load
Gain Vs Duty Ratio curve
The plot of voltage gain as a function of duty ratio
is shown in Figure 9.

Fig. 9. Gain Vs Duty Ratio
For any practical applications, the dc-dc
converter must be operated at lower duty ratios to
get maximum efficiency and the duty ratio can be
extended up to 0.8. Beyond this duty cycle, the
inductor core is saturated and generates noise in the
circuit, which automatically degrades the
performances. At 0.8 duty ratio we get 29.7 gain for
a normal SCRB converter. For
a modified
interleaved SCRB converter the value of gain is
31.7.
C.
Comparison
The comparison between conventional converter
and the modified converter is given in Table 2. The
modified SCRB converter is compared with basic
switched capacitor regener- ative boost converter .
It is observed from the above discussions that in the
mod- ified interleaved DC-DC converter efficiency,
output voltage ripple and current ripple voltage and
stresses on the switches are reduced is reduced to a
desirable value. But the number of

TABLE II: COMPARISON OF CONVENTIONAL AND MODIFIED CONVERTER

Components like switches, diodes and capacitor are
increased. Voltage gain is increased from 29.75 to
31.7.

V.

CONCLUSION

The SCRB converter and interleaved
SCRB converter is simulated according to the
designed parameters. The voltage gain for the
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normal converter is 29.6 and for an interleaved
SCRB converter is increased to 31.7. From the
simulation diagrams it is observed that in the
interleaved converter the switching stress of two
switches out of three decreases. The voltage stress
across one switch still remains the same .

DOI: 10.9790/9622-1103014954

53 | P a g e

Swathy M V, et. al. International Journal of Engineering Research and Applications
www.ijera.com
ISSN: 2248-9622, Vol. 11, Issue 3, (Series-I) March 2021, pp. 49-54
REFERENCES
V. Karthikeyan, Kumaravel S , “High StepUp Gain DC-DC Converter with Switched
Capacitor
and
Regenerative
Boost
Configuration for Solar PV Applications
”,IEEE Transactions on Circuits and Systems
II, Issue. 11, pp. 1549-7747 , Feb. 2018.
[2]. Tian Cheng,Dylan Dah-Chuan Lu, “NonIsolated Single- Inductor DC/DC Converter
with Fully Recongurable Structure for
Renewable
Energy
Applications,”IEEE
Transactions on Circuits and Systems II, vol.
23, no. 2, pp. 871-887, March 2018.
[3]. Boris
Axelrod,Berkovich,
“Switched
Capacitor/Switche d-Inductor Structures for
Getting Transformerless Hybrid DCDC
PWM Con- verters,”IEEE Transactions On
Circuits And SystemsI, vol.7, no.11,
pp.2791,2805, March 2008.
[4]. Yong Cao, Vahid Samavatian, “A Novel NonIsolated Ultra-High Voltage Gain DC-DC
Converter with Low Voltage Stress,” IEEE
Transactions on Industrial Electronics, vol.
27, no. 6, pp. 2869 2878, March 2016.
[5]. J. C. Rosas-Caro, J. M. Ramirez and P. M.
Garcia-Vite, “Novel DC-DC multilevel boost
converter,”IEEE Power Electron. Specialists
Conference , Rhodes, 2008, pp. 46-51.
[6]. B. Axelrod, Y. Berkovich and A. Ioinovici,
“Fully integrated passive UHF RFID
transponder IC with 16.7- µW minimum RF
input power,” IEEE Journal of Solid State
Circuit, vol. 38, no. 10, pp. 1602 1608, 2003.
[7]. N. Greco, N. Spina, V. Fiore, E. Ragonese
and G. Palmisano, “”A galvanically isolated
DCDC converter based on current-reuse
hybridcoupled
oscillators,”IEEE
Transactions on Circuits and Systems II:
Express Briefs, vol. 64, no. 1, pp. 56-60,
Jan. 2017.
[8]. J. H. Lee, T. J. Liang and J. F. Chen,
“Isolated coupled inductor integrated DCDC
converter with non-dissipative snubber for
solar energy applications,” IEEE Trans. on
Indus.l Electron, vol. 61, no. 7, pp. 37-48,
July 2014
[9]. H.W. Seong, H.S. Kim, K.B. Park, G.W.
Moon, and M.J. Youn, “High step-up DC-DC
converters using zero-voltage switching
boost inte- gration technique and light-load
frequency modulation control,” IEEE
Transactions on Power Electronics , vol. 27,
no. 3, pp. 13831400, Mar. 2012.
[10]. S. Sathyan, H. M. Suryawanshi, M. S. Ballal
and A. B. Shitol, “Soft switching DC-DC
converter for distributed energy sources with
high step-up voltage capability,” IEEE
[1].

www.ijera.com

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Transactions on Power Electronics, vol. 62,
no. 11, pp. 70397050, Nov. 2015.
M. Forouzesh, Y. Shen, K. Yari, Y. P.
Siwakoti and F. Blaabjerg , “ Highefficiency high step-up DCDC converter with
dual coupled inductors for grid-connected
photovoltaic systems,” IEEE Transactions on
Power Electronics , vol. 33, no. 7, pp. 59675982, July 2018.
Y. Huang, S. Xiong, S. Tan and S. Y. Hui,
“”Nonisolated harmon- icsboosted resonant
DC/DC Converter with high-step-up gain,”
IEEE Transactions on Power Electronics, vol.
33, no. 9, pp. 7770-7781, Sept. 2018.
S. Arslan, S. A. A. Shah, J. Lee and H. Kim,
“An energy efficient charg- ing technique for
switched capacitor voltage converters with
lowduty ratio,” IEEE Transactions on
Circuits and Systems II: Express Briefs, vol.
65, no. 6, pp. 779-783, June 2018.
S. Debnath, J. Qin, B. Bahrani, M.
Saeedifard and P. Barbosa , “ Op- eration,
Control, and Applications of the Modular
Multilevel Converter: A Review,”IEEE
Trans. on Power Electron, vol. 30, no. 1,
pp. 37-53, Jan. 2015
M. F. Kangarlu and E. Babaei, “A
Generalized cascaded multilevel inverter
using series connection of sub multilevel
inverters,” IEEE Trans. on Power Electron.,
vol. 28, no. 2, pp. 25-36, Feb. 2013.
E. Najafi and A. H. M. Yatim, “Design and
implementation of a new multilevel inverter
Topology,” IEEE Trans. on Indus. Electron.,
vol. 59, no. 11, pp. 48-54, Nov. 2012.
Cockcroft JD, Walton ETS. , “ Experiments
with high velocity positive ions. (I) Further
developments in the method of obtaining
high velocity positive ions,”Proceedings of
the Royal Society of London A, vol. 136, pp.
619-630, 1932.
S. V. Araujo, P. Zacharias and R. Mallwitz ,
“”Highly
Efficient
SinglePhase
Transformer-less
Inverters
for
GridConnected Photovoltaic Systems,” IEEE
Trans. on Indus. Electron, vol. 57, no. 9, pp.
31183128, Sept. 2010.

DOI: 10.9790/9622-1103014954

54 | P a g e

