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ABSTRACT

Article history:

Dual input dc-dc converters have two input voltage sources or one input
source and an energy storage system like ultra capacitor, PV, battery, super
capacitors and a single output load. In order to process the power in hybrid
energy systems using reduced part count, researchers have proposed several
multi-input dc-dc power converter topologies to transfer power from
different input voltage sources to the output. This paper compares nonisolated dual-input converter topologies topologically, based on the
components count, various fields of application and different modes of
operation for hybrid systems mainly used in electric vehicles and renewable
energy systems composed of energy storage systems (ESSs) with different
voltage-current characteristics. Dual input dc-dc converter topologies
considered in this paper are investigated using MATLAB and PSIM software
and output voltage and inductor current waveforms are shown.
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1.

INTRODUCTION
Batteries, ultra capacitors, fuel cells, and solar arrays are widely used in electric and hybrid vehicles
(EVs/HEVs) as an electric power source or an energy storage unit. In the structure of the electric power
system of modern EVs/HEVs, more than one of these units may be employed to improve the performance
and efficiency; hence utilization of a multi-input dc-dc converter is inevitable to obtain a regulated bus dc
voltage.Multiple power converters grouped in non-isolated and isolated topologies have been studied The
discussion deals with the topological and technological characteristics of the power converter for various
environments (automotive, railway, aircraft and stationary) requiring high compactness.

Figure 1. General block diagram of dual input DC-DC converter

2.

DUAL INPUT DC-DC CONVERTER TOPOLOGIES
This section gives a comprehensive overview of the dual-input dc-dc converter interfaces potentially
favourable for the hybrid power system, micro grid, energy storage system, satellite power system, electric
and hybrid electric vehicle etc,. First, it gives an overview of the application of the multiport converter in
various fields. Second, with respect to the topological development of a multiport power converter design.
Journal homepage: http://iaesjournal.com/online/index.php/IJPEDS

IJPEDS

ISSN: 2088-8694



805

This exhibits the importance of choosing the right dual-input power converter architecture and the related
technology. In this context it is highlighted that the output power interface can be efficient, compact and
reliable. The PV grid-connected system is recently becoming a fast growing segment in various countries.
But, due to the low output voltage in PV arrays the conventional converters used are not able to satisfy the
grid requirements [1]. In order to assure the grid voltage requirements dual input dc-dc converters can be
used to replace the existing multiple converter topologies.

Figure 2a. Block diagram of dual input dc-dc converter for grid and traction system

Non-isolated dual input dc-dc converters have the advantage of a simple and compact topology,
easy control, and low cost therefore most suitable for various applications compared to isolated converter
topologies. As a result, there has been an increase in their usage in mobile applications. Various DC sources
is growing interest to enhance the power train performance of the battery electric vehicles. To integrate these
sources, multiport DC/DC power converters (MPCs) could play a considerable role in the future power trains
and sustainable energy systems [2].

Figure 2b. Block diagram of bidirectional dual input dc-dc converter

Comparison with respect to the behaviour of the different dual input dc-dc converter whether it is
operated in the buck mode, boost mode or buck boost mode of operation and the derived converters based on
the buck, boost and buck boost basic converter topologies.
Table 1 depicts the dual input dc-dc converter topologies having similaties based on the basic
converter topologies under which few converters are grouped under the same category. The output voltage
equation for the DIDC converters given in the table above can be used to calculate the output voltage s for
various input voltages.
There are several other topologies in the literature which are derived from the available single input
and dual input topologies by incorporating the basic pulsating cell like voltage and current source cell in the
existing topologies the new topologies can be derived. One of the new topologies by including the PVSC cell
is shown in Figure 3 the similaties in the two topologies is clearly visible. These are derived from th parallel
connected boost converter topology.
Topological comparison of Dual-Input DC-DC Converters (A. Lavanya)
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Table 1. Different Dual Input Topologies with Similarities
Category

Topology
Double input buck converter[3]

Output voltage Equation

VO = d1 ∗ V1 + d2 ∗ V2

Integrated buck- buck converter[4]

VO = d1 ∗ V1 + d2 ∗ V2

Buck based Multiport topologies

Two-input Buck-SEPIC converter
V0=d1V1+V2(d2/(1-d2))

Dual input Boost converter

V0=V2/(1-d2)+V1/(1-d1)

Two-input Boost-SEPIC converter[6]
Boost based Multiport topologies

V0=V2/(1-d2)-V1/(1-d1)

Double input buck boost converter[5]

V0=V1d1+V2d2/(1-d1-d2)

Buck boost
based Multiport topologies

Integrated double input buck-buck boost converter

VO=(V1d1+V2d2)/(1-d2)

IJPEDS Vol. 8, No. 2, June 2017 : 804 – 811

IJPEDS

ISSN: 2088-8694



807

Figure 3. Derived dual input dc-dc converter topology

In this paper, a non isolated dual input DC/DC converter proposed has capability to operate either in
buck, boost or buck–boost mode of operation with possibility of bidirectional power flow and is capable for
energy diversification from renewable and storage energy sources individually or simultaneously [7].

Figure 4. Dual input dc-dc converter topology [7]

3.

COMPARATIVE ANALYSIS DUAL INPUT TOPOLOGIES
Dual input dc dc converter topologies few are taken here for comparison. The features of these
converters and their advantages are listed in Table 2.
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Table 2. Comparison of DIDC Topologies and its features

Sno

Dual input topologies

Features

advantages

This bi-directional converter does not
require separate inductors for each
input.

In this converter
buck/boost capability
during propulsion with
the advantage of fewer
active switch
requirements.

Inductor can be charged by multiple
voltage sources individually or
simultaneously.

Allow active power
sharing between their
input sources.

3

This converter has three power
switches three power diodes and two
inductors.

Efficiency this
converter topology is
better than the existing
dc-dc converter
topology

4

This converter has six power switches
with internal diodes and three
inductors.

1

2

This bi-directional
converter can act as
dual input single
output or single input
dual output converter.

4.

SIMULATION RESULTS AND ANALYSIS
The topologies 2 and 3 mentioned in the above Table 2 is considered for the simulation analysis.
MATLAB and PSIM software tools are used to simulate the converter circuits with Vdc1=50 V, DUTY
CYCLE=50 %, Vdc2=50 V, LOAD=1000 ohms, Fs=10 kHz, C0=3000 µF, L1=L2=150 mH and the
corresponding converters output voltage and current waveform are shown below.

Figure 5. Dual input dc-dc converter topology circuit (Table 2(3)) and simulated switch voltage waveforms
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Figure 6(a). Simulated output voltage waveforms and hardware setup–DIDC topology Table 2(3)

Figure 6(b). Experimental results: switch voltage and output voltage waveform

A bi-directional cascaded DC-DC converter that can operate in both buck and boost modes with a
wide range of voltage levels in either direction is necessary to achieve the objective. The CBB-CIM
converter can also be used in the V2G mode with the battery pack and ultra-capacitor bank serving as
multiple input sources, and a DC external load connected in the circuit shown in Figure 7.

(a)

(b)

Figure 7. (a) CBB-CIM dc-dc converter topology, (b)PSIM simulated switch voltage waveform

Figure 8 shows the simulated resulted of the converter considered for a particular input voltage
shows the corresponding inductor current and output voltage waveforms. Graph shown in Figure 9 gives the
variations in input voltages the changes in the output voltage in the converter.
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Figure 8. (a) Inductor current waveform

(b)Hardware experimental setup

Figure 9.(a) switch S1 voltage waveform

(b) output voltage waveform

Figure 9(c) Graphs showing the response of the converter for input voltage variations

5.

CONCLUSION
Dual input dc-dc converter topologies are compared in this paper based on the various applications,
structure, reliability, cost, number of the components used in the converter. This paper gives an overall view
about the available dual input dc-dc converter topologies discussed by various researches and also suggests
the upcoming researches to select a suitable DIDC converter for the specific application. For comparison two
different dual input dc-dc converter from the literature is considerd and simulation results prove their
feasibility and reliability for various application they act both in uni direction and bidirectional modes of
operation.

REFERENCES
[1] Wuhua Li, Xiangning He, ―Nonisolated High-Step-Up DC/DC Converters in Photovoltaic Grid-Connected
Applications‖, IEEE transactions on Industrial electronics, Vol. 58, NO. 4, APRIL 2011.

IJPEDS Vol. 8, No. 2, June 2017 : 804 – 811

IJPEDS

ISSN: 2088-8694



811

[2] Omar Hegazy, Mohamed El Baghdadi, Joeri Van Mierlo, Philippe Lataire, Thierry Coosemans, ‖Analysis and
modeling of a bidirectional multiport DC/DC power converter for battery electric vehicle applications‖, 16th
European Conference on Power Electronics and Applications, 2014.
[3] Karteek Gummi and Mehdi Ferdows,‖ Double-Input DC–DC Power Electronic Converters for Electric-Drive
Vehicles—Topology Exploration and Synthesis Using a Single-Pole Triple-Throw Switch‖, IEEE Transactions on
Industrial Electronics, VOL. 57, NO. 2, FEBRUARY 2010.
[4] Hongfei Wu, Kai Sun, Member, Shun Ding, and Yan Xing,‖Topology Derivation of Nonisolated Three-Port DC–
DC Converters From DIC and DOC‖, IEEE Transactions on Power Electronics, Vol. 28, NO. 7, JULY 2013.
[5] K. Sundareswaran, Kiran. S. Kuruvinashetti, Hariprasad. B, P. Sankar‖Output Voltage Control of Dual Input BuckBoost Converter ―, IEEE ISGT Asia, 2013.
[6] Veerachary. M, Vijay Kumar Tewari, Anandh. N,‖Two-Input Boosting DC-DC Converter for DC-Grid
Applications‖ IEEE, 2013.
[7] Lalit Kumar, Shailendra Jain,‖A multiple source DC/DC converter topology‖ Electrical Power and Energy Systems,
Elsevier, 2013.
[8] TK Santhosh, C Govindaraju, ―Development of Predictive Current Controller for Multi-Port DC/DC Converter,‖
International Journal of Power Electronics and Drive System (IJPEDS), Vol. 6, No. 4, December 2015, pp. 683–
692.
[9] Sivaprasad Athikkal, Kumaravel Sundaramoorthy, Ashok Sankar, ―A Modified Dual Input DC-DC Converter for
Hybrid Energy Application,‖ International Journal of Power Electronics and Drive System (IJPEDS), Vol 8, No 1
2017.
[10] O. C. Onar, J. Kobayashiand A. Khaligh, ―A Fully DirectionalUniversalPower Electronic Interface for EV, HEV,
and PHEV Applications,‖ IEEETrans. Power Electron, vol. 28, no. 12, pp. 5489–5498, Dec. 2013.
[11] A.Khaligh, ―Battery, Ultracapacitor, Fuel Cell, and Hybrid EnergyStorageSystems for Electric, Hybrid Electric, Fuel
Cell, and Plug-InHybridElectric Vehicles: State of the Art,‖ IEEE Trans. Veh. Technol., vol. 59, no. 6, pp. 2806–
2814, 2010.
[12] S.Dusmez, A.Hasanzadeh, and A.Khaligh, ―Comparative Analysis ofBidirectional Three-Level DC–DC Converter
for Automotive Applications, ‖IEEE Trans. Ind. Electron, vol. 62, no. 5, pp. 3305–3315, May 2015.
[13] J.Shen, S.Dusmez, and A.Khaligh, ―Optimization of Sizing and BatteryCycle Life in Battery/Ultracapacitor Hybrid
Energy Storage Systems forElectric Vehicle Applications,‖ IEEE Trans. Ind. Informatics, vol. 10, no. 4, pp. 2112–
2121, Nov. 2014.
[14] S.Lu, K.A.Corzine, and M. Ferdowsi, ―A New Battery/UltracapacitorenergyStorage System Design and Its Motor
Drive Integration forHybridElectric Vehicles,‖ IEEE Trans. Veh. Technol., vol. 56, no. 4, pp. 1516–1523, Jul. 2007.
[15] S. Dusmez and A. Khaligh, ―A Supervisory Power-Splitting Approachfor aNew Ultracapacitor–Battery Vehicle
Deploying two Propulsion Machines,‖IEEE Trans. Ind. Informatics, vol. 10, no. 3, pp. 1960–1971,Aug. 2014.
[16] Z.Ding, C.Yang, Z.Zhang, C. Wang, and S. Xie, ―A novel softswitchingmultiport bidirectional dc-dc converter for
hybrid energy storagesystem,‖ IEEE Trans. Power Electron., vol. 29, no. 4, pp. 1595–1609, 2014.
[17] H.Zhou, T.Bhattacharya, D.Tran, T. S. T. Siew, and A.M.Khambadkone, ―Composite energy storage system
involving battery and ultra-capacitorwith dynamic energy management in micro grid applications,‖ IEEE
Trans.Power Electron., vol. 26, no. 3, pp. 923–930, 2011.

Topological comparison of Dual-Input DC-DC Converters (A. Lavanya)

