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A Survey on Two Port DC-DC Converter
Topologies for Energy Preservation

D.C. Kumaresan and Dr.P. Selvan

Abstract--- The renewable sources to convert the
power by using power electronic converters to match the
load demand and grid requirement to improve dynamic and
steady-state characteristics of green generation systems, to
provide Maximum Power Point Tracking (MPPT) control,
and integrate the energy storage system to solve the
challenge of intermittent nature of renewable energy and
unpredictability of load demand. In order to improve the
efficiency and power density of overall circuit, a two port
High Gain buck boost based DC-DC converter is, which
includes one of the renewable sources and an energy
storage system is used. In recent years, many two port DC-
DC converters have been proposed and reported in
literature survey. Each of these converters has its own
topology and operating principle, which results in different
complexities, different numbers of components, different
reliability and efficiency. This work also explains the
potential research extension of basic topologies of DC-DC
converters and how the voltage gain of the two-port DC-
DC converter can be improved.

Keywords--- Power Electronic Converters, Maximum
Power Point Tracking (MPPT) Control, Two Port DC-DC
Converters.

I. INTRODUCTION
The extensive use of dc power supplies inside most of

electrical and electronic appliances which leads to an
increasing demand for power supplies that draw current
with low harmonic content & also have power factor close

to unity. DC power supplies are extensively used inside
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most of the electrical and electronic appliances such as in
computers, audio sets, televisions, and others. The presence
of non linear loads results in low power factor operation of
the power system. The basic block in many power
electronic converters are uncontrolled diode bridge
rectifiers with capacitive filter. Due to the non-linear nature
of bridge rectifiers, non-sinusoidal current is drawn from
the utility and harmonics are injected into the utility lines.
The bridge rectifiers contribute to high THD, low PF, and
low efficiency to the power system. These harmonic
currents cause several problems such as voltage distortion,
heat, noises etc which results in reduced efficiency of the
power system. Due to this fact, there is a need for power
supplies that draw current with low harmonic content and

also have power factor close to unity.

Isolated DC-DC converters convert a DC input power
source to a DC output power while maintaining isolation
between the input and output, generally allowing
differences in input-output ground potentials in the range of
hundreds or thousands of volts. They can be an exception
to the definition of DC-DC converters as their output
voltage is often (but not always) the same as the input
voltage. A current-output DC-DC converter accepts a DC
power input, and produces as its output constant current,
while the output voltage depends on the impedance of the
load. In many industrial applications conversion from
fixed-voltage dc source to variable-voltage dc source is
required. A dc-dc converter converts directly from dc to dc
and is simply known as a dc converter. A dc converter can
be considered as dc equivalent to an ac transformer with
continuously variable turns ratio. Like transformer, it can

be used to step down or step up a dc voltage source [1].
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DC-DC converters are widely used for traction motor in
electric automobiles, trolley cars, marine hoists, and forklift
trucks. They provide a smooth acceleration control, high
efficiency, and fast dynamic response. Dc converter can be
used in regenerative braking of dc motor to return energy
back into supply, and this feature results in energy saving
for transportation system with frequent stop also used, in dc
voltage regulation. There are many types of DC-DC
convertors like buck (step down) converter, boost (step-up)
converter, buck-boost (step up- step-down) converter. DC
conversion is of great importance in many applications,
starting from low power applications to high power

applications.

The goal of any system is to emphasize and achieve the
efficiency to meet the system needs and requirements.
Several topologies have been developed in this area, but all
these topologies can be considered as a part or a
combination of the basic topologies which are buck, boost
and flyback [2]. For low power levels, linear regulators can
provide a very high-quality output voltage. For higher
power levels, switching regulators are used. Switching
regulators use power electronic semiconductor switches in
on and off states. As there is a small power loss in the states
(low voltage across a switch in the on state, zero current
through a switch in the off state), switching regulators can

achieve high efficiency energy conversion.

Il. STUDY ON THE Two PORT DC-DC
CONVERTERS AND IT’S BASIC TOPOLOGIES

Basic Functions of DC-DC Converters

The DC-DC converter has some functions. It follows, i)
Convert DC input voltage Vs into DC output voltage V,. ii)
Regulate the DC output voltage against load and line
variations. iii) Reduce the AC voltage ripple on DC output

voltage below the required level. iv) Provide isolation
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between input source and load (if required) v) Protect the
supplied system and input source from electromagnetic
interference [2]. For a traditional two-port DC-DC power
electronic converter, the main function is to implement the
energy conversion between the two ports. In fact, all of the
multi-port DC-DC converters can be viewed as the
combination of several two-port DC-DC converters and the
function of these new converters is to implement a
simplified topology for the energy conversion between any
two of all the ports available in the converter.

Two-port DC-DC Converter

PV and battery voltages are combined together to act as
a two-port of the converter as shown in Figure 1. There are
six operating modes per switching cycle in battery charging
mode. For battery charging mode, the waveforms in steady
state are as depicted in Figure.2 with voltage doubler
(voltage gain). The voltage doubler increases the output
capacity of the Two-port DC-DC Converters.

A voltage doubler at the converter output yields a DC
voltage equivalent to twice the peak value of the input
voltage. The battery operates in charging or discharging

mode, based on its voltage level [3].

Different Types of basic Topologies in DC to DC
Converter

The various topologies of DC to DC converter can
generate voltages higher, lower, higher and lower or

negative of the input voltage; their names are:

e Buck

e Boost

e  Buck boost
e Cuk

e Sepic
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Figure 1. Two-port Converter with Output VVoltage Doubler
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Figure 2: Timing lllustration of Two -port Converter with Output VVoltage Doubler

Buck Converter

A buck converter or step-down switch mode power

supply can also be called as a switch mode regulator. Buck

converter produces a lower average output voltage than the

DC input voltage, Vi. When the switch S is on, the diode D

in Figure 3 becomes reverse biased and the input provides
energy to the load as well as to the inductor. While, when
the switch is off, the inductor current flows through the
diode D, transferring some of its stored energy to the load
R.
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Figure 3: Buck Converter

Boost Converter

A boost converter or step-up converter is a power
converter with an output DC voltage greater than its input
DC voltage. The circuit of boost converter is shown in
Figure 4. When the switch S is on, the diode D is in reverse
bias, thus isolating the output stage. The input supplies
energy to the inductor. When the switch is off, the output
stage receives energy from the inductor as well as from the
input. The boosts main application is in the regulated dc

power supplies and the regenerative braking of dc motors.

o

Figure 4: Boost Converter

Buck Boost Converter

The buck-boost converter is a converter shown in
Figure 5, that has an output voltage that is either greater
than or less than the input voltage. Buck-boost converter
can be obtained by the cascade connection of the two basic
converters which are the step down converter and step up
converter. These two converters can be combined into the
single buck- input that provides energy to the inductor and
the diode is reverse biased. When the switch S is open, the

energy stored in the inductor is transferred to the output.
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No energy is supplied by the input during this interval. The
main application of buck-boost converter is in the regulated

dc power supplies.

D
} £
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Figure 5: Buck-boost Converter

The basic buck is combined with boost DC converter
topology to introduce the buck boost converter. Different
applications are implemented based on buck boost
converter implementation such as motor drives, stand alone
and grid connected photo voltaic system [4]. The solar PV
based applications using buck boost converter is still under
research to increase the efficiency [5]. Based on buck boost
converter topology, different non-isolated DC to DC
converters are developed by worldwide researchers such as
cuk, SEPIC and Luo converters to increase the voltage
gain. A group of researchers analyzed the effect of
discontinuity in buck boost non inverting converter that
happened by the effective duty cycle [6]. A novel
compensation technique is used for rectifying to smooth the
Based on DC link
inductors, a novel multiport converter is proposed by
Hongfei et.al (2008) [7].

transition during mode changes.

Cuk Converter

The Cuk converter is a step-down/step-up converter
based on a switching boost-buck topology. Essentially, the
converter is composed of two sections, an input stage and
an output stage. The input voltage vg is fed into the circuit
via inductor L1. When transistor Q1 is on, current il builds
the magnetic field of the inductor in the input stage. The
diode CRL1 is reverse biased, and energy dissipates from the
storage elements in the output stage. When Q1 turns off,
inductor L1 tries to maintain the current flowing through it
by reversing polarity and sourcing current as its magnetic

field collapses. It thus provides energy to the output stage
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of the circuit via capacitor C1, R1 and R2 are parasitic or
stray resistances of inductor.

. Q CRyY Vz' C: Y% R

Figure 6: Cuk Converter

Cuk converter is a negative output capacitive DC to DC
fly back energy converter. It is developed based on the
simple buck boost converter. The only difference is that
cuk converter is using capacitor for power transfer and
energy storage rather than inductor [8]. The cuk converter
output voltage polarity is reversed of the input voltage. This
converter produces free ripple output if it is connected in
suitable way and it can be sued in many applications [9].
Depending on cuk converters there are different topologies
introduced [10]. The modified cuk converter efficiency is
significantly improved. To control the current and voltage,
this converter is recommended for optimal bidirectional
operation [11]. Several control techniques like sliding mode
control and conventional proportional integral (PI) are used
within closed loop systems and fuzzy logic controller to

regulate the output voltage [12].

SEPIC Converter

Single Ended Primary inductor converter (SEPIC)
Figure.7 [13, 14], is a type of dc to dc buck boost converter.
The output can be greater than or lesser than the input
voltage. Duty cycle of the control switch is controlled to
control the output of the SEPIC converter. SEPIC consists
of input filter inductance L1 and controllable switch S. It
also consists of diode D and filter capacitor Cf in the output
side. The main feature of the SEPIC is the presence of
series capacitor C and inductor L2. It is essentially a boost
converter followed by buck boost converter. The input DC
voltage is chopped to get desired output voltage. The output
is similar to buck boost converter but has the output

polarity same as the input voltage.
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Figure 7: SEPIC Converter

To obtain the DC power from available AC line, AC to
DC converter is required. To correct the power factor in
AC line, the SEPIC converter is proposed. SEPIC converter
is widely used in solar power generation field to regulate
flickering DC voltage. There are different control
methodologies that are recommended to obtain the
maximum power like PI control, sliding mode control,
dP/dV feedback control and fuzzy logic control that can be
used to increase the robustness [15]. Solar fed DC motor
sensor less is performed through the SEPIC converter [16].
This proposed system can be the solar based transportation
solution. The major criteria’s of SEPIC converter design is
the switching losses and conduction. This issue can be
reduced by using soft switching technique and it will

minimize the current ripple output [17]

111.LITERATURE WORKS BASED ON DC-DC
CONVERTERS

Peng et al .[18] presents a new zero-voltage-switching
(ZVS) bidirectional dc-dc converter. Compared to the
dc-dc

converters for the similar applications, the new topology

traditional full and half bridge bidirectional

has the advantages of simple circuit topology with no total
(TDR)

implementation without additional devices, high efficiency

device rating penalty, soft-switching
and simple control. These advantages make the new

converter promising for medium and high power
applications especially for auxiliary power supply in fuel
cell vehicles and power generation where the high power
density, low cost, lightweight and high reliability power
converters are required. The operating principle, theoretical

analysis, and design guidelines are provided in this paper.
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The simulation and the experimental verifications are also
presented.

Jaber, [19] designed a fuzzy controller of DC-DC Buck-
boost converter which is presented in this work. In order to
control the output voltage of the buck-boost converter, the
controller is designed to change the duty cycle of the
converter. The mathematical model of buck-boost
converter and fuzzy logic controller are derived into design
simulation model. The simulation is developed on Matlab
simulation program. To verify the effectiveness of the
simulation model, an experimental set up is developed. The
buck-boost circuit with mosfet as a switching component is
developed. The fuzzy logic controller to generate duty
cycle of PWM signal is programmed. The simulation and
experimental results show that the output voltage of the
buck-boost converter can be controlled according to the

value of duty cycle.

Dave & Bhavesh [20] presented a single-phase single
stage transformer less photovoltaic (PV) inverter for
residential application. The inverter is derived from a buck-
boost converter along with a line frequency unfolding
circuit which will be used to supply the generated
photovoltaic energy to load (Grid/Stand Alone). Interfacing
a solar inverter module with the load involves three major
tasks. One is efficiency, the second is to inject a sinusoidal
quantity into load and the third is the power quality. Since
the inverter is connected to grid, the norms given by the
utility companies must be obeyed. Due to its novel
operating modes, high quality (without filter) and
efficiency can be achieved, because there is only one
switch in buck-boost converter operating at high frequency
and rest of the switches of unfolding circuit is operated at
fundamental frequency only. This work contains theoretical
analysis and simulation result of this buck-boost converter
based inverter for off grid. This shows the comparison of
the norms with the simulation result of the product in terms

of power quality and efficiency.
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Inoue, & Akagi [21] described a bi-directional isolated
dc/dc converter considered as a core circuit of 3.3-kV/6.6-
kV high-power-density power conversion systems in the
next generation. The dc/dc converter is intended to use
power switching devices based on SiC and/or GaN, which
will be available on the market in the near future. A 350-V,
10-kW and 20-kHz dc/dc converter is designed, constructed
and tested. It consists of two single-phase full-bridge
converters with the latest trench-gate Si-IGBTs and a 20-
kHz transformer with a nano-crystalline soft-magnetic
material core and litz wires. The transformer plays an
essential role in achieving galvanic isolation between the
two full-bridge converters. The overall efficiency from the
dc-input to dc-output terminals is accurately measured to be
as high as 97%, excluding gate drive circuit and control
circuit losses from the whole loss. Moreover, loss analysis
is carried out to estimate effectiveness in using SiC-based
power switching devices. The loss analysis clarifies that the
use of SiC-based power devices may bring a significant
reduction in conducting and switching losses to the dc/dc
converter. As a result, the overall efficiency may reach
99% or higher.

Li et al.[22] introduced a new bi-directional, isolated

DC-to-DC converter. A typical application for this
converter can be found in the auxiliary power supply of
hybrid electric vehicles. A dual half-bridge topology has
been developed to implement the required power rating
using the minimum number of devices. Unified zero-
voltage-switching was achieved in either direction of power
flow with neither a voltage-clamping circuit nor extra
switching devices and resonant components. All these new
features allow high power density, efficient power
conversion and compact packaging. Complete descriptions
of operating principle and design guidelines are provided in
this work. An extended state-space averaged model is
developed to predict large and small signal characteristics
of the converter in both directions of power flow. A 1.6 kW
prototype has been built and successfully tested under full

power. The experimental results of the converter's steady-
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state operation confirm the soft-switching operation,
simulation analysis, and the developed averaged model.
The proposed converter is a good alternative to full-bridge
isolated bi-directional DC-DC converter in high power

applications.

Ma et al. [23] proposed a new soft-switching
bidirectional DC/DC converter. The proposed converter
achieves zero-voltage switching (ZVS) for the entire main
switches and zero-current switching for the rectifier diodes
in the large-load range. These features reduce switching
loss, voltage and current stresses, and diode reverse-
recovery effect. The simple electrical isolated topology
with the soft-switching characteristic provides an attractive
solution for a battery charge/discharge system in an electric
vehicle, distributed power system, or uninterruptible power
system. This work describes the operation principle and the
ZV'S condition in detail. The mathematical model based on
the state-space averaging method is also deduced to depict
the performance characteristic. Then, design guidelines are
presented to ensure the ZVS condition for all the switches.
Finally, simulation and experimental results obtained from

a 1-kW prototype verify the discussed theoretical analysis.

IV.INFERENCE FROM WORK

From the study of two port DC-DC converter and
various topologies of the DC to DC converter, this study
revealed that an important feature required in a PV solar
application is lower current ripple and higher conversion
efficiency as high ripple decreases the energy obtained
from the PV array. The ripple can be reduced by adding a
filter between the power source and the converter. It results
in increased losses, volume and cost of the system. An
efficient method to reduce input ripple is to use interleaved
converter structure. Buck- Boost converter is preferred for
PV system to fetch peak output from solar panel
consistently, irrespective of the load. Hence it is proposed a
two port hybrid high gain buck boost converter (TPHGC)
integrated PV-DVR system to achieve the high energy
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conservation in PV solar system. TPHGC is well suited for
low power photovoltaic application.

V. CONCLUSION
In this paper basics of converters and its types are

explained briefly. Detailed analysis of different topologies
of Boost converter with advantages and disadvantages are
done. The upcoming work may be extended for the design
of two port boost converter topologies for -efficient,
reliable, self-sufficient and fault tolerant nanogrid and will
be compared for their operation and performance for the
wide varying input.

REFERENCES

[1] Muhammad H. Rashid, "Power Electronic Circuit,
Devices and problems”, Third Edition 2004
Prentice Hall.

[2] M.H. Rashid, Power Electronics Handbook, 2001.

[3] W. Li, J. Xiao, Y. Zhao and X. He, "PWM plus
phase angle shift (PPAS) control scheme for
combined multiport DC/DC converters", IEEE
Trans. Power Electron, Vol.27, No.3, Pp.1479-
1489, 2012.

[4] AM Howlader, N Urasaki, T Senjyu, A Yona and
AY Saber, “Optimal PAM control for a buck
boost DC to DC converter with a wide speed
range of operation for a PMSM”, J Power Electron
Vol.10, No.5, Pp.477-84, 2010.

[5] D. Benavides Nicholas and Patrick L. Chapman,
“Power budgeting of a multiple input buck boost
converter”, IEEE Trans. Power Electron, Vol. 20,
No. 6, Pp.1303-9, 2005.

[6] Lee Young Joo, Alireza Khaligh and Ali Emadi,
“A compensation technique for smooth transitions
in a noninverting buck boost converter”, IEEE
Trans. Power Electron, VVol.24, No.4, Pp.1002-15,
20009.

[7] Wu Hongfei, Junjun Zhang and Yan Xing, “A
family of multiport buck boost converters based
on DC Link Inductors(DLIs)”, Pp.1-1.

[8] M.D. Singh, “Power electronics”, Tata McGraw
Hill Education, 2008.

[9] H.H. Chung, K.K. Tse, S.R. Hui, C.M. Mok and
M.T. Ho, “A novel maximum power point
tracking technique for solar panels using a SEPIC
or Cuk converter”, IEEE Trans.Power Electron
Vol.18, No.3, Pp.717-24, 2003.

[10] Zhu Miao and Fang Lin Luo, “Enhanced self-lift
Cuk converter for negative to positive voltage
conversion”, IEEE Trans. Power Electron, Vol.25,
No.9, Pp.2227-33, 2010.

ISSN: 2349-6657 @ ISISET



International Scientific Journal on Science Engineering & Technology
Volume 19, No. 04, August 2016

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Lee Su Won, Seong Ryong Lee and Chil Hwan
Jeon, “A new high efficient bidirectional DC to
DC converter in the dual voltage system”, J.
Electr. Eng. Technol., Vol.1, No.3, Pp.343-50,
2006.

Chen Zengshi, “PI and sliding mode control of a
Cuk converter”’, IEEE Trans. Power Electron.
Vol.27, No.8, Pp.3695-703, 2012.

AH El Khateb, N Abd Rahim and J. Selvaraj ,
“Fuzzy logic control approach of a maximum
power point employing SEPIC converter for
standalone  photovoltaic  system”,  Procedia
Environmental Sciences, Vol.17, Pp.529-36,
2013.

S. Venkatanarayanan and M. Saravanan, “Design
and implementation of SEPIC integrated KY
converter for SLIT-LAMP”, International Journal
of Applied Engineering Research, 2015.

Emilio Mamarelis, Petrone Giovanni and
Spagnuolo Giovanni, “Design of a sliding mode
controlled SEPIC for PV MPPT Applications”,
Pp.1-1, 2014,

J. Linares Flores, H. Sira Ramirez, E.F. Cuevas
Ldopez and M.A. Contreras Ordaz, “Sensor less
passivity based control of a DC motor via a solar
powered SEPIC  converter  full  bridge
combination”, J. Power Electron, Vol.11, No.5,
Pp.743-50, 2011.

Song Min Sup, Son Young Dong and Lee Kwang
Hyun, “Non-isolated Bidirectional soft switching
SEPIC/ZETA converter with reduced ripple
currents”, J. Power Electron, Vol.14, No.4,
Pp.649-60.

F.Z. Peng, H. Li, G.J. Su and J.S. Lawler, “A new
ZVS bidirectional DC-DC converter for fuel cell
and battery application” IEEE Transactions on
Power Electronics, VVol.19, No.1, Pp.54-65.

F.S. Jaber, “Development of a DC-DC Buck Boost
Converter Using Fuzzy Logic Control(Doctoral
dissertation”,  Universiti  Tun Hussein  Onn
Malaysia), 2011.

Dave and Bhavesh, "Design&Simulation Of Buck-
Boost Converter Modulation Technique For Solar
Application.", cell 6, 2013.

S. Inoue and H. Akagi, “A bi-directional isolated
DC/DC converter as a core circuit of the next-
generation medium-voltage power conversion
system”, 37th IEEE Conference Power Electronics
Specialists, Pp. 1-7, 2006.

H. Li, F.Z. Peng and J.S. Lawler, “A natural ZVS
high-power bi-directional DC-DC converter with
minimum  number of devices”, Industry
Applications Conference, 2001. Thirty-Sixth 1AS
Annual Meeting, Vol.3, Pp.1874-1881, 2001.

G. Ma, W. Qu, G. Yu, Y. Liu, N. Liang and W. Li,
“A  zero-voltage-switching bidirectional dc—dc
converter with state analysis and soft-switching-
oriented design consideration”, IEEE Transactions

73

on Industrial Electronics, Vol. 56, No. 6,

Pp.2174-2184, 2009.

ISSN: 2349-6657 @ ISISET



