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ABSTRACT

This paper proposes an isolated multiport dc—dc converter for simultaneous power management of multiple
renewable energy sources, which can be of different types and capacities. The proposed dc—dc converter only uses
one controllable switch in each port to which a source is connected. Therefore, it has the advantages of simple
topology and minimum number of power switches. A general topology of the proposed converter is first introduced.
Its principle and operation are then analyzed. The proposed converter is applied for simultaneous maximum power
point tracking (MPPT) control of a solar power generation systems consisting of multiple different photovoltaic
(PV) panels. The simulation results are provided to validate the effectiveness of using the proposed converter to
achieve MPPT simultaneously for the all PV panels.
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1. INTRODUCTION

Now a days there is a growing interest in generating electricity from distributed renewable energy sources. In many
applications, it is required to connect multiple renewable energy sources of different types (e.g., wind and solar) and
capacities to a power grid or load [1]-[6]. To perform efficient power management and grid integration for the
multiple sources, multiport dc—dc converters have been proposed [5]-[10]. Fig. 3 shows a two-stage, grid-connected
multi source renewable energy system, which consists of an isolated multiport dc—dc converter and an inverter [11].
The isolated dc—dc converter has multiple input ports for connecting different sources, such as photovoltaic (PV)
panels, wind turbine generators (WTGs), fuel cells, and so on. The multiport dc—dc converter not only regulates the
low-level dc voltages of the sources to a constant high level required by the inverter, but also can provide other
important control functions, such as maximum power point tracking (MPPT), for the renewable energy sources.

There are two categories of integrated isolated multiport converters. One category of converters uses a transformer
with a separate winding for each port. Therefore, all ports are electrically isolated [12]-[17]. The other category of
converters has multiple ports connected to a single winding on the primary side of a transformer [18]-[25], as shown
in Fig. 1. It requires a common ground point for all the input sources. The second topology is preferable due to the
advantage of using less number of windings in the transformer. A number of isolated multiport converters belonging
to the second category have been proposed. A widely used topology is the isolated half-bridge converter [7], which
used 2m + 2 controllable switches, where m(m > 2) is the number of input ports. Thereafter, in this paper,
controllable switches are also called switches. The number of switches was reduced to 2m by either using one source
as the dc link [21], [22] or reducing switches on the secondary side of the transformer [25]. Recently, a multiport
converter topology with m + 3 power switches has been proposed [5]. When m > 3, this multiport converter has the
least number of switches among the existing topologies.

This paper proposes a new isolated multiport dc—dc converter for simultaneous power management of multiple
renewable energy sources [26], where only one switch is used in each input port connected to a source. Similar to
the converter in [25], the proposed converter does not use any controllable switch on the secondary side of the
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transformer. Compared with the existing multiport dc—dc converter topologies [18]-[25], the proposed converter has
the least number of switches and thereby a lower cost.

2 SOFT SWITCHING TECHNIQUES

A soft switching technique refers to the both zero voltage switching and zeros current switching. The making or
breaking of circuit timed such that the transition occurs when the voltage wave form crosses zero voltage is known
as the Zero voltage switching. Quasi-resonant switching is a good technique for improving voltage-converter
efficiency, but things can be further improved by implementing full soft switching. During soft switching the
voltage falls to zero (rather than just a minimum) before the MOSFET is turned on or off, eliminating any overlap
between voltage and current and minimizing losses. (The technique can also be used to switch the MOSFET when
current, rather than voltage, reaches zero. This is known as Zero Current Switching (ZCS).) An additional advantage
is that the smooth switching waveforms minimize EMI Soft switching (ZVS) can best be defined as conventional
PWM power conversion during the MOSFET’s on-time but with “resonant” switching transitions.
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Fig-1: switching techniques

The technique can be considered PWM power utilizing a constant off-time control which varies the conversion
frequency, or on-time to maintain regulation of the output voltage. For a given unit of time, this method is similar to
fixed-frequency conversion using an adjustable duty cycle. Regulation of the output voltage is achieved by adjusting
the effective duty cycle (and thus on-time), by varying the conversion frequency. During the ZVS switch off-time,
the regulator’s L-C circuit resonates traversing the voltage across the switch from zero to its peak and back down
again to zero when the switch can be reactivated, and lossless ZVS facilitated. The MOSFET transition losses are
zero—regardless of operating frequency and input voltage—representing a significant savings in power, and a
substantial improvement in efficiency (Figure 5). Such attributes make ZVS a good technique for high-frequency,
high-voltage converter designs.
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Fig-2: conventional pwm waveforms

The above figure shows the Conventional PWM employs a fixed frequency, but varies the duty cycle to achieve
regulation; in contrast, ZVS varies the conversion frequency (which in turn alters the on-time) to maintain output
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voltage. Two other advantages of ZVS are that it reduces the harmonic spectrum of any EMI (centering it on the
switching frequency) and allows higher frequency operation resulting in reduced, easier-to-filter noise and the use of

smaller filter components.
3. PROPOSED SYSTEM

A new isolated multiport dc—dc converter for simultaneous power management of multiple renewable energy
sources [26], where only one switch is used in each input port connected to a source. Similar to the converter in [25],
the proposed converter does not use any controllable switch on the secondary side of the transformer. Compared
with the existing multiport dc—dc converter topologies [18]-[25], the proposed converter has the least number of
switches and thereby a lower cost. The proposed converter is applied for power management of a wind/solar hybrid
generation system, which consists of a WTG and two different PV panels. Using a suitably designed perturbation
and observation (P&QO) MPPT algorithm, the WTG and PV panels can be controlled simultaneously to extract the
maximum power from wind and sunlight, respectively, using the proposed converter.
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Fig-3: Topology of the proposed isolated multiport dc—dc converter.

Fig. 3 shows the circuit diagram of the proposed isolated multiport dc—dc converter. It consists of a low-voltage side
(LVS) circuit and a high-voltage-side (HVS) circuit connected by a high-frequency transformer TX. The LVS
circuit consists of m ports in parallel, one energy storage capacitor Cs , and the primary winding of the transformer.
Each port contains a controllable power switch, a power diode, and an inductor. The HVS circuit consists of the
secondary winding of the transformer connected to a full-bridge diode rectifier, and a low-frequency LC filter. The
transformer’s turn ratio is defined as n = Np /Ns, where Np and Ns are the numbers of turns of the primary and
secondary windings, respectively.

This converter has three operating modes: 1) all switches are on; 2) switch S1 is off while at least one of the other
switches is on; and 3) all switches are off. The equivalent circuits of the converter in the three operating modes are
shown in Fig. 4.
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Fig-4: Equivalent circuits of the three operating modes of the proposed converter. (a) Mode 1: all switches are on.
(b) Mode 2: S1is off and at least one of the other switches is on. (c) Mode 3: all switches are off.
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Fig-5: Waveforms of the proposed converter when m=3.
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Fig. 5 shows the steady-state waveforms of the converter in one switching period covering the three operating

modes when m = 3. To facilitate the explanation of the converter operation, the state-space equations for different
modes.

TABLE-1: Component specifications of the converter

L 420 pH Cy~Cy 10040 pF

L 280 pH Cs 1K) uF

L 300 pH C 100K pF

L 1120 uH H 128

N FDP24N40 &y~ &y FDP3632
D=y MURIZ10 Dig~Disy EGPS0D

4 SIMULATION RESULTS

Fig. 8(a) shows the measured waveforms of the currents il and i2 flowing through the two inductors L1 and L2,

respectively, where il and i2 increase when the two switches S1and S2 are switched on; when the two switches are
off, i1 and i2 decrease.

Fig. 8(b) shows the current waveforms of the two inductors L2 and L3, where i3 is the current flowing through the
inductor L3. i3 increases when the switch S3 is switched on and decreases when S3is off, which is similar to i1 and
i2. The mean values of the three source currents in Fig. 8(a) and (b) are 11 =141 A, 12=3.82 A, and 13 =3.28 A,
which shows that the three sources WTG, PV1, and PV2 are connected to the multiport dc—dc converter to supply
power simultaneously.

Fig. 8(c) shows the waveform of i p, which is the current flowing through the primary side of the transformer. When
S1 is on, the capacitor Cs discharges since the current is negative; during the period when S1 is off, the current
becomes positive, which charges Cs; when S2 is off, i p increases because i p = i1+i2; i p further increases to

i1+i2+i3 when all of the three switches are off. The waveforms in Fig. 8 are consistent with those in Fig. 4, which
validates the theoretical analysis.

Fig-6: Simulation circuit of the proposed converter with different rating solar pannels

Fig-7: pwm pulses for the MOSFETs wavefroms
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Fig-8: voltage across capacitors cy, ¢; and ¢z wavefroms
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Fig-9' current through L1, Lz and L3 wavefroms
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Fig-10: voltage across capacitors cs, ¢ and current through L wavefroms
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Fig-11: transformer primary and secondary currents wavefroms
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Fig-12: load voltage and current wavefroms
5. CONCLUSIONS

An isolated multiport dc—dc converter that uses the minimum number of switches has been proposed for
simultaneous power management of multiple renewable energy sources. The proposed converter has been applied
for simultaneous power management of a three-source wind/solar hybrid generation system. The simulation results
have been provided to show the effectiveness of the proposed converter using MATLAB. The advantage of the
proposed multiport dc—dc converter is its simple topology while having the capability of MPPT control for different
renewable energy sources simultaneously. Moreover, the proposed converter can be easily applied for power
management of other types of renewable energy sources.
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