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Abstract
A new Single Stage Three Level (SSTL) isolated AC/DC PFC converter with
higher input power factor for continuous input current has been designed.
The converter has to be operated in the discontinuous mode to obtain its high
power factor through flexible dc link voltage. The power factor correction in
the solar panel is achieved by using two stages of conversion where all the
switching operation is shared through a control scheme. A flexible dc link
voltage helps to shape the current and voltage waveform, resulting in power
factor correction. The switches are subjected to soft switching techniques in
the Discontinuous Mode of Operation [DCM]. Variable dc link increases the
power factor [PF] through which Power Factor Correction [PFC] can be
attained.
Keywords: Single-stage three level, Isolated AC/DC PFC converter,
Discontinuous Mode, Total Harmonic Distortion, Flexible DC link voltage.
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1 Introduction
The AC/DC power converters should operate in a manner such that
quality of power parameters should be high and its harmonic distortion
should be less [1,2]. Fundamental frequency is defined as the smallest
frequency of a periodic waveform. It tells us the distortion of a voltage or
current due to harmonics in the signal [12]. It is an important aspect in
audio, communication systems and power systems. By predicting the nth
level harmonic component, Total harmonic distortion [TDH] can be
calculated.
Power Factor Correction aims at improving the power quality.
Conventional methods use single stage, but modern trends have suggested
the use of a three stage such that the size of the circuit can be reduced and
the circuit can operate at the high frequency range. Power Factor improves
the power quality of the electrical network . It is useful in situations when
there is a motor failure, failure in electrical or electronic equipment,
unwanted tripping of circuit breakers and unstable operation of the
equipment and where the usage of energy is high and the cost is also high
[10]. Power factor correction is a unique requirement for the power quality
improvement. Poor power factor leads to the instability of power quality
analysis [3,7]. By means of various optimisation techniques, power quality
can be improved.
The PFC equipment uses a bank of capacitors which is used to offset an
inductive load or a bank of reactors in case of capacitive load [13]. The
following parameters are checked for the optimum condition of working of
the power system levels of voltage, harmonic content in the waveform,
condition of the equipment and the operation of the equipment.
Renewable sources are making a great impact in the power factor
correction techniques. Modern world is facing the threat of the depletion of
non-renewable sources such as coal, petroleum etc. Therefore, the shift has
been made to renewable sources such as PV (Photo-voltaic) systems, Wind
System, Fuel Cell etc [4,8]. A PV system is a system which supplies solar
power by means of photovoltaic [5]. The advantages of PV system are the
energy produced by solar cells is clean because no fuel is used other than
sun rays [11].
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2 Existing System
The existing converter uses a diode full bridge. The 230V AC supply is
rectified through full bridge diode. The rectified DC fed to an inverter
where the switches are operated with pulse width modulation techniques.
The duty cycle denotes the time period during which a signal is active. It is
commonly denoted as a percentage [14] . Single Stage PFC converters are
less costly and are used for dc load applications as shown in figure 1. The
disadvantages of the existing system, shown in figure 2 includes low power
factor as compared to proposed system, low voltage gain, the losses will be
more, less reliable and the efficiency is less.

Figure 1 Circuit Diagram for existing topology
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Figure 2. Simulation Diagram
Figure 2 Simulation Diagram

3 Proposed Single Stage Pfc Converter for Pv System
The source of input is a Photo-voltaic system which includes a Solar
Grid array. The solar cells are very important in generation of electrical
power as environmental concerns are increasing over the use of fossil fuels.
The inter-connection of solar cells sources and power electronics converters
aim at improving power quality, thereby providing a renewable source of
energy.
Renewable sources of power including photo-voltaic cells have low
output voltage and require series connection or a booster circuit, preferably
voltage booster to provide sufficient output voltage [6]. The Single Stage
PFC converter for PV systems is shown in figure 3, the power factor is
improved, the efficiency is maintained during both light load and full load
condition.
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Figure 3 Proposed single stage PFC converter for PV system

4 Principle of Operation
The modes of operation are explained in the following paragraphs.
Mode 1 : At time t = t1 ; The upper capacitor is discharged by means of
applying half the dc voltage. The Diode starts its conducting as shown in
figure 4. The Boost inductor, Lb , has negligible effect on the circuit
operation.
Mode 2 : At time t=t2 , the switch S2 is kept in the ON state, shown in
figure 5. The diode D5 conducts.
Mode 3: At time t=t3 , At time t=t2 , the switch S3 is turned ON as shown
in figure 6. A voltage V in is applied across the Boost inductor.
Mode 4 : At time t=t4 , The switch S4 is turned ON and switch S3 is in
ON condition, shown in figure 7. The output current commutes from diode
D8 to diode D7 . The diodes are commutated by transferring the energy from
the input inductor to the R load.
Mode 5 : At time t=t5, As shown in figure 8, the discharging of
capacitors take place through the load and a voltage of V dc/2 is applied to
the primary side. The nullified current is obtained.
Mode 6 : At time t=t6, The leakage current freewheels through diode D6
and zero voltage is to the primary of the transformer. There is a linear
variation in the output current as shown in figure 9.
Mode 7 : At time t=t7 , the switch S7 is turned ON shown in figure 10.
This mode is similar to Mode 3 of operation, but with a change of primary
current.
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Mode 8 : At time t=t8 , The switch S3 is turned OFF. The operation of
this mode is same as that of mode 4 and inductor stored energy is
transferred to dc capacitor bus, as shown in figure 11.

Figure 2 Mode 1

Figure 5 Mode 2

Figure 6 Mode 3
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Figure 7 Mode 4

Figure 8 Mode 5

Figure 9 Mode 6
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Figure 10 Mode 7

Figure 11 Mode 8

5 Simulation Results
The proposed single stage PFC converter is simulated by means of
Simulink in MATLAB based on the design considerations as shown in
figure 12 .The simulation results of input voltage and input current are
shown in figure 13 and figure 14. A closed loop operation is followed by
using a PID controller with a phase locked loop [9]. Power factor corrected
waveform is obtained in figure 15.
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Figure 12 Simulation Circuit Diagram

Figure 13 Input voltage
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Figure 14 Input current

Figure 15 Output voltage and output current waveforms

6 Experimental Results
The input supply is provided with a solar panel, which provides D.C.
source of energy. This D.C. current is then passed to the Boost converter
and resulting output is fed to an inverter as power factor correction cannot
be carried out on D.C. The PWM pulse is provided to the inverter circuit
which is used to tune the inverter frequency. The driver switching circuits
uses power MOSFET as switches.
The supply voltage of 12V, is stepped up to 40 V by means of the DCDC converter and followed by inverter shown in figure 16. The PWM pulse,
then is used to glow the lamp which acts as an R-Load. Linear and nonlinear loads lower the power factor which is corrected by means of the
following circuit. The circuit consists of, [1] DC-DC converter, [2]
Inverter,[3] Control circuit, [4]Driver circuit, which consists of MOSFET
switches. The simulation results and hardware result are compared and
tabulated in Table 1.
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Figure 16 Experimental Prototype for Three Level Single Stage PFC Converter

Table 1 Comparison of PF and THD
Parameters
Input Voltage, Input Current
Output Voltage, Output Current
Power Factor
Total Harmonic Distortion
(THD)
7

Existing System

Proposed System

265V, 2.21 A

640.12 V,17.1 A

82V, 6.5 A

245V V,48A

0.91

0.93

0.4556

0.3952

Conclusion

The converter is aimed at achieving high power factor with less number
of switches and the cost is reduced. The use of two independent controllers
helps in simplifying the controller and design configuration of the circuit.
Efficiency is, as high as 91% can be achieved which is a valuable asset in
reducing the power loss and thereby increasing the power quality. Since the
non-renewable sources of energy are getting depleted, the use of the solar
grid provides a sustainable method of power factor correction [PFC] by
utilizing the sunlight which is in huge abundance in our country like India,
thereby setting the foundation of the use of renewable sources of energy in
enhancing the power quality.
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