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This paper analysis with PFC Cuk converter fed LED drive to overcome the power
factor problems. The proposed circuit topology consists of diode bridge rectifier

and Cuk converter. Cuk converter is operated to work under CCM mode. This
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combination of DBR and PFC converter is used to feed a LED drive. This

converter is simulated in MATLAB software. This Cuk converter provides better
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results such as unity power factor and low current harmonic distortion with fuzzy
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I. INTRODUCTION

Conventional light emitting diode (LED) drivers with
diode bridge rectifier suffer the problem of low circuit
efficiency, low power factor and low reliability. LED
driver circuit connected to alternating current (AC)
line source generally needs an additional power factor
correction (PFC) stage to overcome the problem on
power factor (PF) and total harmonic distortion

(THD). It leads to more circuit loss in PFC stage.

In conventional converter like three phase ac-dc
boost are used to increase the power factor system [1-
3]. But, three phase boost converter only suitable for
high power applications. Single phase AC-DC boost
converters are used for LED drivers [4-5]. These
converters require bulky inductance. Cuk converters
are used to improve the power quality of LED driver
[6-8]. Cuk converter provides negative output voltage
and require current and voltage sensor. Modified

Sepic converters are used as power factor correction

[9-13]. These converters also require two sensing
units and only provide boost operation. Three level
AC-DC converters also employed as LED drivers in
marine applications [14-18]. But these converters
require two switches and complex control circuit. Luo
converters are developed to improve the power
quality the LED lighting system [19-23]. These
converters are non isolated converter and it provides
negative output voltage. Single phase Zeta converter
is used as LED Street lighting [24-26]. This paper
deals with AC-DC Cuk converter for LED lighting
system for improvement of power quality. So we are
in the need of converter to overcome these issues to
drive the LED for better performance. Hence the
objective of the problem is to improve the power
factor and to minimize total harmonic distortion and
maximize the efficiency with the help of Fuzzy
controller to generate the PWM to turn on/off the
switches used in the converter. It is a simulation and
model based design environment integrated with
MATLAB.
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Recently Cuk converter attains major role in DC/DC
converter topology. It is a fourth order DC/DC
converter made up of two inductor and two
capacitors. It is capable of increase and decreases the
input voltage levels with inverting the polarities. Cuk

converter, which is originally, comes the buck boost

type.

2. Operation of Cuk converter

The proposed PFC Cuk converter is fed to LED. A
single phase AC supply is feed to the diode bridge
rectifier the followed by LC filter and an isolated Zeta
converter. The purpose of the filter is to avoid the
ripples in the input side due to switching. The
proposed isolated converter is designed to operate in
continuous mode. Output voltage is controlled with
the help of PI controller. The repeating sequence and
PI controller is used to generate PWM pulses for the
MOSFET switches. A simple block diagram represents
the proposed design as shown in the Fig. 1.
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Fig. 2: Circuit diagram

The Cuk converter is a step-down/step-up converter

based on a switching boost-buck topology. It is shown

in figure 2. Cuk converter provides an output voltage
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less than or greater than the supply voltage but the
output voltage polarity is opposite to that of supply
voltage. Capacitor is used for energy transfer in this
converter whereas other converters uses inductor for
energy transfer .Main purpose of capacitor C1 is to

transfer energy from source to load.

MODE 1: SWITCH ON MODE

L1 Cl L2’ Vo'
i Il N
i1 Y1z L
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Fig. 3 : Mode 1

When switch is ON(Fig. 3), the two inductor
currents rises linearly with the voltage across them
equal to the input voltage .The equations for the
inductor currents during the interval O<t<dTs are

given by the equations,

. . Ir
ip =1+ —t

MODE 2: SWITCH OFF MODE

Lz' Co' -Vo'

L1 Cl

Fig. 4 Mode 2
When the switch is OFF (Fig. 4), inductor currents
decrease linearly with the voltage equal to the output
voltage. The inductor current equations are given by,
V," 'V .
—2t+ 1 dT, +i

1 1

i =-
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Fig. 5 : Switching waveforms

Figure 5 shows the switching waveforms of Cuk

converter.
ADVATAGES OF CUK CONVERTER

e Output voltage may be greater than or less than
the peak input voltage.
implementation of high

insulation; provides better control

e Fasy frequency
¢ No need for additional commutation circuit
e Efficiency gets improved

e Low weight and fast operation.

II. DESIGN OF PFC BASED CUK CONVERTER

The Zeta converter is operated in discontinuous mode
of operation. It involves the design of wvarious

elements such as magnetizing inductor, intermediate
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capacitor, dc link capacitor. This will be discussed in

below:
Outputvoltage
V- K Vg
°1-K
K Vs
Inductance = L1=L2= FaL,
. B _Is(1-K)
Capacitance = Cl= TAv.,
AL
C2 = 6 AV,
Table 1 Design parameters
DESIGN VALUES
PARAMETER
Input line 20V
voltage
Output voltage 48V
Switching 10kHz
frequency
Line frequency 50Hz
Inductance (L1=L2 2.6mH
Capacitance Ci 0.001455 pF
Capacitance C2 0.0125pF
Load resistance 50 Q

The values for the inductor, dc link capacitor, output
inductor, intermediate capacitors, inductance and
capacitance of inductor and capacitor are calculated
by keeping ripple values of output current and output
voltage. The switching frequency is chosen as 10 kHz.
The specification used in the design model is

tabulated as shown in the table 1
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III. OPEN LOOP CONFIGURATION

It consists of source voltage which is fed to the diode
bridge rectifier. The output of the diode bridge
rectifier is fed into the Cuk converter with the
resistive load. Switching frequency for the MOSFET
switch would be 10 kHz. It is shown in figure 6.

Fig. 6 Open loop Simulation
IV. CLOSED LOOP CONFIGURATION

The open loop configuration of the converter is
changed to closed loop controlled converter with
Fuzzy control and hysteresis control. The comparator,
repeating sequence, Fuzzy controller is used to
generate the PWM pulse for MOSFET switches to
regulate output voltage constant for varying supply
varying load. Closed

configuration is shown in Fig.7.

voltage and for loop

Fig. 7 Closed loop Simulation
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Fuzzy logic is a mathematical logic that attempts to
solve problems by assigning values to an imprecise
spectrum of data in order to arrive the most accurate
conclusion. It is designed to solve problems in the
same way that humans do by considering all available
information and making the best possible decision.
Table 2 shows the membership degree of mapping
between input and output functions based on fuzzy if
then rules . This table is called fuzzy associative
memory table.
Table 2 : Fuzzy rules

NB | NS ZE PS | PB
CE
ER

NB NB | NB | NS ZE | PS

NS NB | NS NS E PS

ZE NS NS ZE PS | PB
PS PS ZE PS PS | PB
PB PB PS PS PB | PB

V. ANALYSIS OF VARYING INPUT VOLTAGE

By keeping the load constant, the input voltage is
varied widely to understand the performance of the
converter for varying input voltage, power factor,
output voltage, total harmonic distortion readings are
noted and tabulated as in table 3

Table 3 : Analysis of Input voltage

Is
S. Vi Vi PF
no in (V) o (V) THD (%)
1 15 48.0 0.997 3.8
2. 20 47.9 0.998 3.9
3 25 48.0 0.996 4.5
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VI. ANALYSIS OF VARYING OUTPUT LOAD

For determining the input current, THD, power
factor, output current, output voltage for varying load,
keep the input voltage at constant 20V. The resistive
load is varied and readings are tabulated as in the
table 4.

Table 4 : Analysis of varying load

Sno | V| Vo |THD| o R
.no
W | ) | (%)
.| 20 | 4801|339 | 0.997 | 50
2. | 20 | 48 | 483 (0993 | 100

VIL.SIMULATION WAVEFORMS

Simulation is performed in the MATLAB for the

proposed converter design. Power factor is
maintained almost unity. THD is maintained below 4%
which is the acceptable range of value. Parameter
values used for the simulation work are found out
from equation available.. Source voltage and source
current is simulated and graph is obtained in the
scope of SIMULINK which is shown in the Fig. 8. The
input 20 V, 50 Hz is given to the circuit. The power

factor is maintained almost unity.

Fig. 8 Input voltage waveform
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The source current THD is less than 4%.

Fig. 9 Output voltage waveform

Output voltage also obtained in the scope of the
MATLAB software as shown in the Fig. 9.
The output voltage is regulated at 48 V.

VIII. CONCLUSION

The single phase AC-DC Cuk converter was simulated
with variation in load. The voltage unbalance

problem is improved by using proposed cuk
converter . The simulation was done for single phase
AC-DC cuk converter with the fuzzy voltage
controller and hysteresis current controller. This
controller provides unity power factor, voltage
regulation ,less harmonic distortion , high efficiency
.. The fuzzy

voltage controller and hysteresis current controller

and good steady state performance

gives very low THD of 3.90% and unity power factor.
The THD lies within 5% which an IEEE standard
even for wide range of load variation. The proposed
converter is suitable for LED drives to operate

efficiently.
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