Vol-3 Issue-6 2017 IJARIIE-ISSN(O)-2395-4396

INVESTIGATION OF CONTROL
STRATEGIES FOR ISOLATED MULTIPORT
PHOTOVOLTAIC DC TO DC CONVERTER

P. Vishwanath Yadav', K. Nagarjuna®

! Student, EEE Department, Avanthi Institute of Engineering & technology, Telangana, India
2 Assist. Prof, EEE Department, Avanthi Institute of Engineering & technology, Telangana, India

ABSTRACT

This paper proposes an isolated multiport dc—dc converter for simultaneous power management of multiple
renewable energy sources, which are of different capacities. The proposed dc—dc converter is investigated by
employing three MPPT control strategies for PV system to boost the output. It 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 with proposed control strategies using MATLAB/SIMULINK Software.
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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 (WTGSs), 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. MAXIMUM POWER POINT TRACKING:

A typical solar panel converts only 30 to 40 percent of the incident solar irradiation into electrical energy. Maximum
power point tracking technique is used to improve the efficiency of the solar panel. Maximum power point tracking
is a technique used commonly with wind turbines and photovoltaic (PV) solar systems to maximize power
extraction under all conditions. Although solar power is mainly covered, the principle applies generally to sources
with variable power: for example, optical power transmission and thermo photovoltaics. PV solar systems exist in
many different configurations with regard to their relationship to inverter systems, external grids, battery banks, or
other electrical loads. Regardless of the ultimate destination of the solar power, though, the central problem
addressed by MPPT is that the efficiency of power transfer from the solar cell depends on both the amount of
sunlight falling on the solar panels and the electrical characteristics of the load. As the amount of sunlight varies, the
load characteristic that gives the highest power transfer efficiency changes, so that the efficiency of the system is
optimized when the load characteristic changes to keep the power transfer at highest efficiency. This load
characteristic is called the maximum power point and MPPT is the process of finding this point and keeping the load
characteristic there. Electrical circuits can be designed to present arbitrary loads to the photovoltaic cells and then
convert the voltage, current, or frequency to suit other devices or systems, and MPPT solves the problem of
choosing the best load to be presented to the cells in order to get the most usable power out. Solar cells have a
complex relationship between temperature and total resistance that produces a non-linear output efficiency which
can be analyzed based on the V-I curve. It is the purpose of the MPPT system to sample the output of the PV cells
and apply the proper resistance (load) to obtain maximum power for any given environmental conditions. MPPT
devices are typically integrated into an electric power converter system that provides voltage or current conversion,
filtering, and regulation for driving various loads, including power grids, batteries, or motors. MPPT
implementations utilize algorithms that frequently sample panel voltages and currents, then adjust the duty ratio as
needed. Microcontrollers are employed to implement the algorithms. Modern implementations often utilize larger
computers for analytics and load forecasting. Controllers can follow several strategies to optimize the power output
of an array. Maximum power point trackers may implement different algorithms and switch between them based on
the operating conditions of the array.

4. Different MPPT techniques

There are different techniques used to track the maximum power point. Few of the most popular
techniques are:

1) Perturb and observe (hill climbing method)

2) Incremental Conductance method

3) Fractional short circuit current

4) Fractional open circuit voltage

5) Neural networks

6) Fuzzy logic

4.1 Perturb and observe

In this method the controller adjusts the voltage by a small amount from the array and measures power; if
the power increases, further adjustments in that direction are tried until power no longer increases. This is
called the perturb and observe method and is most common, although this method can result in
oscillations of power output. It is referred to as a hill climbing method, because it depends on the rise of
the curve of power against voltage below the maximum power point, and the fall above that point. Perturb
and observe is the most commonly used MPPT method due to its ease of implementation. Perturb and
observe method may result in top-level efficiency, provided that a proper predictive and adaptive hill
climbing strategy is adopted.
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Fig-3: Algorithm for P&O method

4.2 Incremental Conductance

In the incremental conductance method, the controller measures incremental changes in PV array current
and voltage to predict the effect of a voltage change. This method requires more computation in the
controller, but can track changing conditions more rapidly than the perturb and observe method (P&O).
Like the P&O algorithm, it can produce oscillations in power output.[16] This method utilizes the
incremental conductance (dl/dV) of the photovoltaic array to compute the sign of the change in power
with respect to voltage (dP/dV). The incremental conductance method computes the maximum power
point by comparison of the incremental conductance (IA / VA) to the array conductance (I / V). When
these two are the same (I / V = IA / VA), the output voltage is the MPP voltage. The controller maintains
this voltage until the irradiation changes and the process is repeated.
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In the InC algorithm, the MPPT system momentarily sets the PV panels current to zero allowing measurement of the
panels' open circuit voltage. The operation of the InC algorithm is shown in the flow chart, Fig. 4. Finally, the ST
and MPPT are combined to control the solar PV panel so that the obtained electricity is maximized under all
atmospheric conditions

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&0O) 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: S1 is 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.
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
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4 SIMULATION RESULTS

4.1 Simulation of proposed system with PO, | and C and Al controllers

The fig.6 shows the model of the proposed system in MATLAB. The simulation is conducted in the three time
elapasements. From 0 to 0.2 sec the P and O method will be executed, from 0.2 sec to 0.4 sec, | and C method will
be executed and from 0.4 sec to 0.6 sec the Al controller will be executed. In these three instants three methods are
successfully controlling the proposed system is shown using simulation results from fig.7 to fig.14. The fig.7 and 8
shows the proposed PV MPPT controller. The fig.9 shows the Fig. 10 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 S1 and S2 are switched on; when the two switches are off, il and i2 decrease. Fig. 10 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 S3 is off, which is similar to i1 and i2. The mean values of
the three source currents, which shows that the three sources PV1, and PV2 are connected to the multiport dc—dc
converter to supply power simultaneously. Fig. 12 and fig.13 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. The Fig 9 shows voltage across
capacitor cl1, c2, c3, the Fig 10 shows the currents L1, L2, L3, the Fig.11 shows voltage of Cs and C, current of L,
the Fig.12 shows Transformer primary and secondary voltages, the Fig.13 shows the Transformer magnetizing and
leakage parameters and the Fig 14 shows the Load voltage and load currents.
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Fig-6: Simulation circuit of the conventional converter with different rating solar pannels
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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
with three MPPT controllers viz. P and O, | and C and Al for simultaneous power management of a three-source
solar 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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