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Abstract: A multiple DC/DC converter topology is proposed multiple-input for energy diversification from renewable storage energy
sources independently or simultaneously. It can be working in buck, boost and buck boost modes of operation with the ability of
bidirectional energy flow to have required voltage level on load side. The development of topology based on multiple-input state has been
discussed. A power quality and voltage profile scheme for the proposed converter has been presented. The algorithm works on the
principle of varying the duty ratios of switches to regulate the average voltage drawn from each input. The proposed concept has been
investigated through simulation using the MATLAB/Simulink software method and validated.
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1. Introduction

2. Description of Topology

Hybrid energy system (HES) is an upcoming technology that
has the impending to meet future energy necessities. energy
systems is in advance popularity in the field of power
electronics because of its consistent operation, durability,
cleanliness and capable operations as balance with single
source energy systems [10]. A well planned HES provides
good power handling capability during steady-state operation
and better dynamic response during transients [2]. The
addition of more than one energy source to form HES,
closely depends on power electronic edge which integrates
several energy sources having different −V I feature [3].
Multiple-input DC/DC converters (MICs) are singing
important role in interfacing and diversification of different
energy sources. The energy sources like fuel ultra capacitor,
battery, cell and renewable energy sources of same or
different type with separate V – I feature are usually
connected together through individual DC/DC converter and
their outputs are connected to common dc line either in series
or parallel [4]. However, such configurations are bulky,
costly and comparatively complex in design and reduce
overall efficiency as well as consistency of the system.
Multiple single-input DC/DC converters can be effectively
replaced by a single multiple-input DC/DC converter. MIC
offers simple and more compressed design and reduces the
cost and complication of the system. In addition, efficient dc
power distributions at regulated output voltage enhance
reliability [5, 7].

The working operation of MIC proposed in [10] is based on
the basis dc-dc converter. The reactive elements of the
converter are charged during a prefect period of time and
then the stored energy of the reactive element is discharge
through load during the residual period of time over a single
switching cycle. In MICs, the inductor can be charged by
several voltage sources instead of single source by adopt
correct switching pattern that connect or disconnect several
source to the inductor independently or concurrently. The
topology is proposed in [10] is shown in Fig.1 with two input
sources. It is categorize into two parts: part 1 and part 2. Part
1 is a multilevel dc-link part of voltage sources V 1 and V 2 ,
switch S 1 and S 2 , diode D 1 and D 2 . These parts synthesize a
multilevel dc voltage. Part 2 consists of controlled switcher
S 3 and S 4 and energy storage element L and C. function of
this part decide one of the working mode (buck, boost and
bidirectional).

Rest of the paper is organized as follows. The topology is
described in section 2. With the help of mathematical
formulations, the proposed methodology is described in
section 3. In order to validate the proposed methodology,
simulation studies and their results are presented in section 4.
Finally remarks are present in section 5.
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Figure 1: Circuit diagram of proposed MIC topology

Parthivi College of Engineering & Management, C.S.V.T. University, Bhilai, Chhattisgarh, India

303

2nd International Seminar On “Utilization of Non-Conventional Energy Sources for Sustainable Development of Rural Areas
ISNCESR’16
17th & 18th March 2016
Complete function of the topology is described in [10] with
different strategy such as : (a) intermediate synchronisation;
(b) rising edge synchronisation; and (c) falling edge
synchronisation of switching signal. In Figure 1, the source
current of V 1 and V 2 are shown respectively as i 1 (t) and i 2 (t)
while the dc voltage is shown as v mldc (t) and immediate load
voltage and current are shown as v o (t) and i o (t).
The arrangement of the proposed multiple-input DC/DC
converter topology is shown in Figure 1. There are two input
sources connected in series to the load shown in the dashed
thin rectangle box, which require controlled switches and
diodes. The series combination of switches is connected to
the converter unit covered by a dashed thick line, which have
a single inductor (L), switches S 3 and S 4 and a large dc
capacitor (C). The drop or electrical loading is circle by a
dotted line where output current and voltage are characterize
as i o (t) and v o (t) respectively.

3. Proposed Methodology
The proposed methodology improves the performance of the
system network under study. The circuit diagram of the
proposed methodology with two input sources for a given
asymmetric voltage ratio was shown in figure 1. The switch
S 4 is always kept in on position. When the switch S 1 is on,
switch S 2 off and diode D 1 is OFF the input voltage V 1 gets
connected with load. At this condition the voltage profile at
the load end was studied and the result obtained shows the
existence of transient condition (figure 2). Similar result was
obtained with the voltage source V 2 connected. The transient
condition obtained can be eliminated by properly controlling
the operation of switch S 3 . The switching function µ(t) for
the switch S 3 can be define as:

0 , if power switch S is OFF
µ (t ) = 
 1 , if power switch S is ON

(1)

Thus, the multilevel dc link voltage can be expressed in
terms of switching function and input sources as:

vmldc (t ) = V1µ1 (t ) + V2 µ 2 (t )

(2)

The average power drawn for any given load current (and
hence inductor current) can be controlled with the help of
switching function µ(t) and hence the duty ratios d 1 and d 2
for the switches S 1 and S 2 must be chosen to satisfy the
following relationship:
d1V1 = d 2V2

(3)

The input voltages V 1 and V 2 can be controlled by
controlling the duty ratio from d 1 to d 2 as seen from equation
(3). Thus to obtain a desired voltage magnitude at the load,
V mldc has to be treated as an input to ‘part 2’ of the converter
topology.
Designing inductor and capacitor of suitable value is very
important in an MIC. The values of the inductor and the
capacitor can be calculated from inductor current ripple (Δi)
waveform and output voltage ripple (Δv) from capacitor
current waveform, respectively.

Δi = V o {1 − (d 1 + d 2 − d 12 )}L fs
(4)
Δv = V o (d 1 + d 2 − d 12 )RC fs

(5)

Similar analysis can be made for the buck-boost mode of
operation of the proposed converter topology. A summary of
brief study for boost, buck–boost and buck mode of
operation has been shown in Table 1.
For a two input converter in buck–boost mode of operation
the output voltage is given by
V O = V 1 d 1 + V 2 d 21 − d 1 − d 2 + d 12
(6)
From equation (6), it can be concluded that when both the
input voltages V 1 and V 2 are constant, multiple
combinations of duty cycles d 1 , d 2 and d 12 are possible to
regulate the output voltage at particular value. Thus, different
arrangement of d 1 , d 12 and d 2 generate same output voltage
with a great difference in power drawn from each source.
The amount of average power drawn from individual source
can be obtained from the following equations:
P 1= V1I 1= V1× d 1I L
P 2= V2I 2= V2× d 2I L
(7)
Po= P1+ P2
Addition and simplification of equation (6) and (7) yield the
expression of output power as follows:
P o = V 0 2/R
(8)
Thus, the output voltage and total power supplied to the load
will remain constant and do not depend on specific value of
duty cycles. Thus, by proper selection of duty cycles, the
amount of power sharing among connected sources can be
controlled. The performance of the system will be further
improved if the duty cycle is tuned based on source status
which fulfills the requirement of power management
controller and voltage was improved.

4. Simulation Results
From figure 1, let the voltage sources be binary with values
V 1 = 24V and V 2 = 12V. Accordingly, as per equation (2), d 2
should be taken twice of d 1 . Hence d 1 is taken to be 0.1
while d 2 is taken as 0.2, for a switching frequency of 10 kHz.
Thus, as per equation (3), the average value of multilevel dc
link would be V 1 d 1 +V 2 d 2 i.e. 4.8V. Now, let us say that the
average output voltage required at load is 18 V, then it means
that the multilevel dc link voltage is to be boosted and hence
the switch S 3 has to be operate with a duty ratio d 3 , obtain
by using the standard expression for boost conversion,
Vo =

(9)

Vmldc
(1 − d 3 )
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Hence, under the condition described, d 3 should be chosen to
be 0.73.
In order to justify the concepts proposed, a simulation study
is performed using MATLAB/Simulink software along with
SimPowerSystem toolbox. The parameter are summarize in
Table 1.
Table 1: Parameters of MIC for simulation study
Parameter
Value
Unit
Source V 1
Source V 2
Inductance L
Capacitance C
Frequency f
Resistance R
Duty ratio d 1
Duty ratio d 2
Duty ratio d 3
Output voltage V o

24
12
14.4
216
10
10
10
20
73
23

[V]
[V]
[mH]
[μF]
[kHz]
[Ω]
[%]
[%]
[%]
[V]

The instantaneous output voltage obtained from the
simulation model is shown in figure 2. The ripples are seen
to be within the range of 5-10% while the average output
voltage is 17.23 transient condition obtained can be
eliminated by properly controlling the operation of switch S 3
as shown in figure 3,that will minimizes the transient and
improves the output voltage is 23. The inductor voltage and
currents are shown respectively, the load power and powers
drawn from sources V 1 and V 2 are shown in figure 3.

Figure 2: Simulated waveform for the load voltage

Figure 3: Simulated waveform for the load voltage

5. Conclusion

In this paper, a methodology to minimizes transit condition
in output voltage profile and improve the output power
quality from two input dc sources in a dc-dc converter
topology is presented. The sources voltages may be different
or same and accordingly the currents are drawn from the
given sources such that the output powers drawn are constant
and hence their lifetimes are enhanced. Because of the
presence of multiple switching modes, both the objectives
are obtained: minimization of transit condition in output
voltage and output power quality improvement. It can also be
extended for multiple inputs that are more than two inputs.
Proposed concepts are validated with the help of modeling
and software simulations carried out with the help of
MATLAB/Simulink software package. That’s gives results
satisfactory.
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