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ABSTRACT: This paper proposes a photovoltaic controller using high step-up dc-dc converter having both three
stage and five stage multiplier based on the Cockcroft-Walton (CW) voltage multiplier without a step-up transformer,
which provides continuous input current with low ripple and high voltage ratio. For a given input voltage, an output
voltage boost up of same value can be generated for both 3-stage and 5-stage multiplier, with the components of
reduced specifications. The proposed converter can provide a suitable dc source for any level multilevel inverter. In this
paper, the control strategy employs two independent frequencies, one of which operates at high frequency to minimize
the size of the inductor while the other one operates at relatively low frequency in order to have a desired output
voltage ripple. A 200-W laboratory prototype is build for test, and both simulation and experimental results
demonstrate the validity of the proposed converter.
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I. INTRODUCTION

The paper is about stand-alone photovoltaic generation system. The word stand-alone refers to the fact that the system
works without any connection to an established power grid. Stand-alone PV systems are autonomous power grids being
supplied with energy from a photovoltaic generator. Examples of such systems include electricity supply systems on
islands, for isolated settlements or entire villages. The PV generator as the source of renewable energy is the crucial
component of the stand-alone power system. Stand-alone power systems are generally differentiated according to their
type of voltage (DC or AC). In DC coupled systems, the PV generator is connected via a special DC/DC converter. As
in [2] dc-dc converter employs a transformer for voltage boost up using an asymmetrical pulse width modulation
technique. So suitable isolation circuitry is sufficient for effective operation of the circuit. In order to overcome this
complexity of the circuit a converter using multiplier units are employed for voltage boost up. The battery or stand-
alone power inverter is the heart of the AC coupled system. It ensures that generated and load power are balanced at all
times. If too much energy is generated, the inverter stores this surplus energy in the batteries. If energy demand exceeds
supply, the inverter discharges energy from the batteries. If the load is to be supplied independently of solar insolation,
the generated power is stored and buffered with a battery. In non-portable applications where weight is not an issue,
such as in buildings, lead acid batteries are most commonly used for their low cost and tolerance for abuse. A
photovoltaic (PV) system may be a combination of several components such as a battery system, DC/AC conversion
circuits, and other power conditioning devices in addition to the solar panels themselves. A photovoltaic generator is
the whole assembly of solar cells, connections, protective parts, supports etc. A photovoltaic system uses one or more
solar modules or panels to convert solar energy to electrical energy.

Il. DC-DC CONVERTER

A renewable power generation system using a photovoltaic controller circuit with a high step-up dc-dc booster
converter based on the Cockcroft-Walton (CW) voltage multiplier without a step-up transformer is being discussed
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here. Providing continuous input current with low ripple, high voltage ratio, and low voltage stress on the switches,
diodes, and capacitors, by cascading suitable multiplier cells. The proposed converter is quite suitable for applying to
low-input-level dc generation systems. Moreover, based on the n-stage CW voltage multiplier, the proposed converter
can provide a suitable output with a voltage boost up required for high power applications. The control strategy
employs two independent frequencies, one of which operates at high frequency of 60KHz to minimize the size of the
inductor while the other one operates at relatively low frequency of 1 KHz according to the desired output voltage
ripple.
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Fig.1. Different Cascaded Converter

Figure given above shows a three stage cascade boost converter with different topologies proposed for obtaining a
high voltage gain. Figure 1(a) shows a 3-stage cascade boost converter proposed in [3] for obtaining a high voltage
gain. However, the passive elements and switch sustained high voltage stress in this cascaded converter. Some other
structures with switched-capacitor or switched-inductor circuits combined with basic transformerless topologies were
also discussed. Figure 1(b) shows another topology as in [4], which consists of a conventional boost converter and a
diode capacitor multiplier. The main advantage of this topology is that higher voltage gain can easily be obtained by
adding the stages of the diode-capacitor multipliers without modifying the main switch circuit. Nevertheless, the
voltage across each capacitor in each switched capacitor stage goes higher when a higher stage converter is used.
Figure 1(c) shows another similar topology [5] which has advantages similar to that of the topology in [6]. However,
the voltage stress on the capacitors of higher stage is still rather high. Moreover, a modified topology, with integrated
interleaved multiphase boost converter and voltage multiplier, was proposed here for high-power applications as well.
In this topology, all capacitors in the voltage multiplier have identical voltage which is equal to Vo/ (n + 1). In order to
simplify the analysis of circuit operation, the proposed converter with a three stage CW voltage multiplier is used.
Before analyzing, all of the circuit elements are ideal, and there is no power loss in the system. Figure 2 is the
proposed converter with three- stage CW voltage multiplier. When a high-frequency periodic alternating current is fed
into the circuit and all of the capacitors in the CW voltage multiplier are sufficiently large, the voltage drop and ripple
of each capacitor voltage can be ignored under a reasonable load condition[7]. Thus, the voltages across all capacitors
are equal, except the first capacitor whose voltage is one half of the others. The proposed converter is operating in
CCM and in the steady-state condition. When the inductor transfers the storage energy to the CW circuit, only one of
the diodes in the CW circuit will be conducted.
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Fig.2. Proposed three stage CW converter
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A high step-up converter based on the CW voltage multiplier is proposed by replacing the step-up transformer with the
boost-type structure, and thereby provides higher voltage ratio than that of the conventional CW voltage multiplier.
Thus, it is suitable for power conversion applications where high voltage gains are desired. Moreover, the converter
operates in continuous conduction mode (CCM), so the switch stresses, the switching losses, and EMI noise can be
reduced as well. The proposed converter deploys four switches, in which Scl and Sc2 are used to generate an
alternating source to feed into the CW voltage multiplier and Sm1 and Sm2 are used to control the inductor energy to
obtain a boost performance. This will increase the complexity and cost of the proposed converter because an isolated
circuit is necessary to drive the power semiconductor switches.

1. SIMULATION STUDY
A. 3-Stage multiplier circuit

The MATLAB 2009b simulation model of a three stage voltage multiplier is shown in figure 3. Here multiplier circuit
using three set of diode capacitor combination is shown for voltage boost up instead of a transformer. The capacitor
used is of 1000uF and the inductor is of 3.9mH. As for the given input voltage of 40 voltage, an output voltage boost
up upto 325 volt and current of .03A is obtained and is shown in figure 4. For the given value of capacitance and
inductance , a gain of 10.2 is obtained.
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Fig.3. Three stage multiplier circuit

g
=

N

rrpur voltags
&

H

CP a2 24T Crarrent
b = = o=

-0

6 17 b 80

ol 02 0s [ 2] 03 o0s e kS o 1
Tiuee i 342 Time in sec
Fig. 4.0utput voltage and current waveform of three stage multiplier

B. 5-Stage Multiplier with PV

The simulation circuit of a five stage voltage multiplier using photovoltaic controller is shown in figure 5. Here a
multiplier circuit uses five capacitors and five diodes for voltage boost up instead of a transformer. Here the input
voltage applied is generated by means of a Photovoltaic module as shown in figure 6, instead of giving a direct DC
input voltage. Since the voltage generated by the PV is not much suitable for high power applications it should have to
be converted to high power by means of multiplier circuit.

Copyright to IJAREEIE WWW.ijareeie.com 461



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering

(An 1SO 3297: 2007 Certified Organization)

[} S

Vol. 3, Special Issue 5, December 2014

Here also for a given input voltage of 40 voltage, generated by photovoltaic module is given, and thereby a boost up
upto 325 volts is obtained with a capacitor rating of 470uF and inductance of 1.5 mH. The obtained DC output
voltage is further converted to AC to complete the controller circuit. As for the given input voltage of 40 voltage, an
output voltage boost up upto 325 volt and current of 0.065 A is obtained and is shown in figure 7.
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Fig.6. Photovoltaic Controller
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Fig.7. Output voltage and current waveforms of five stage multiplier with PV

E. Comparative Study

Cascaded voltage multiplier cell with three stage and five stage voltage multiplier is discussed above. As for both three
stage and five stage same voltage boost up upto 325V can be obtained by using different values of capacitance and
inductance. By reducing the value of inductance from 3.9mH to 1.5mH and capacitance from 1000uF to 470uF the
voltage boost up is same for five stage as in case of three stage. Also by using the five stage multiplier the voltage can
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be boost up from that obtained from three stage, since five multiplier unit is present instead of three. There by the gain
can be improved by 2% .

TABLE |

COMPARED VALUES OF DIFFERENT LEVEL OF CONVERTERS
Basir circuit with Propnsed Proposed

Transformer system system

(3-level) (5-level)

Vi 40v 4ov 40v

90mH 3.9mkE 1.0mH

947 uF 1000 uF 470uF

Vo 325V 325V 325V

My 6.24 10.2 14.7

IV.HARDWARE DETAILS

Fig.8. Hardware Circuit

An experimental prototype has been built to verify the performance of the proposed converter as shown in the figure 8.
An MPPT controller implemented in a microcontroller will provide a reference voltage Vpv ref that will be used by the
dc/dc controller to determine the converters operation mode. The dc/dc controller will check Vpv and Ppv every few
minutes. The controller circuit used here includes a PIC microcontroller. A center tapped transformer is used in the
rectifier stage and the input voltage is assumed to be supplied from a preregulator.

A DC-DC converter with a 200W output has been selected for design. According to the design guidelines, the
prototype was implemented. Compared with a discrete MOSFET and PWM controller solution, the Fairchild -series
can reduce total cost[12], component count, size, and weight, while simultaneously increasing efficiency, productivity,
and system reliability. The circuit for the experimental testing shows the references of the MOSFET, diodes and driver
that were used in to construct the circuit, and also shows the values of the elements and voltage sources. The figure
given above shows full bridge converter driven by the PWM controlled driver circuit. The values of the inductors were
changed, because the first inductors were very large, although when this change it was taken into account that the
ripples of the input current continued to be low. The inductors were designed using the Magnetics Inductor Design
using Powder Cores Software. This software uses a design algorithm intended to specify the smallest design package
size for the given input parameters (currents, inductance values, frequency, etc.). It also provides the values for the
parasitics that will be used in the simulations of the circuit prototype. MMK technology capacitors were used because
of their good characteristics.
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A. Experimental Results

A prototype with 200 W rating was built to verify the validity of the proposed converter. Some waveforms of the
proposed converter at Po = 200 W, Vin =40V, and Vo = 325 V for experiment is shown here. Figure 9 shows the
switching signals for the four switches, in which Scl and Sc2 are operated at fsc at lower frequency of 1KHz and
Smland Sm2 are operated at ahigher frequency fsm of 60KHz.
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Fig.9. Gate pulses for switches

Moreover, the results of the input voltage , and the output voltage Vo of the CW voltage multiplier are shown in the
figure 10 and figure 11 respectively. Obviously, the simulation results will agree with the experimental results. In
theoretical analysis, the input current ripple frequency (fsc) is ignored due to the fact that the capacitors are assumed
large enough to obtain stable capacitor voltages with no voltage ripple in the CW voltage multiplier. However, the
voltage ripple exists practically in all capacitors. In other words, the input current and the output voltage have the same
ripple frequency (fsc).
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Fig.10. Input AC voltage (a) and input DC voltage (b)

For an input dc voltage of 5V, the voltage boost up upto 36V is obtained. Here a booster circuit with seven stages of
cascaded converter with capacitor diode combination is employed in the hardware section. With this the voltage
multiplication is possible, for each diode capacitor combinations twice the voltage boost up may occur. The output of
the proposed converter is regulated at 325 V, thus the voltage gains corresponding to these input voltages for five and
seven stages can be obtained. The results represent that the proposed converter has lower efficiency at lower input
because of higher conducting loss accompanied by higher input current. On the other hand, for higher load condition,
the efficiency decreases due to the conducting loss of the diodes and the resistance loss of the capacitors.
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Fig.11. Output DC voltage
V. CONCLUSION

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. At a given temperature and
illumination level, solar cells supply maximum power at one particular voltage and current output called the maximum
power point. The generated power is not much applicable to high power applications, so that it should be boost up to
required level by means of suitable converter.

A high step- up dc-dc converter based on the cascaded voltage multiplier without a line- or high-frequency step up
transformer has been presented to obtain a high voltage gain. Since the voltage stress on the active switches, diodes,
and capacitors is not affected by the number of cascaded stages, power components with the reduced voltage ratings
can be selected. The circuit operation, design considerations, and control strategy were discussed. The proposed control
strategy employs two independent frequencies, one of which operates at high frequency of 60KHz to minimize the size
of the inductor while the other one operates at relatively low frequency of 1KHz according to the desired output voltage
ripple. Finally, the simulation and experimental results proved the validity of theoretical analysis and the feasibility of
the proposed converter. In future work, the influence of loading on the output voltage of the proposed converter will be
derived for completing the steady-state analysis.
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