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ABSTRACT: Cuk converter is dc-dc converter; it can be used for step up and step down the voltage by varying duty
ratio. Cuk converter has low ripples in output. Cuk converter can use for power factor correction application by
operating in discontinuous mode, there switching occurs in zero values of current. Here discontinuous means current
approaches to zero, when supply voltage and current are in phase, power factor approaches nearer to unity. High
frequency switching dc-dc converters is new technology to control load and supply side simultaneously. Due to
additional harmonics generated by these switching converters power factor correction has become necessity in utility
side. This paper focuses on controlling of power factor correction employing high switching frequency dc-dc
converters with this, explanation of converter controlled loop and its strategy is also briefed. The simulated results have
been shown to ascertain accepted performance of power factor correction converter.

KEYWORDS: Average Current Control, Cuk Converter, Control Techniques, Hysteresis Control, Linear Loads,
MATLAB(student version), Peak Current Control, Pl Controller, PID Controller, Power Factor, Power Factor
Correction.

I. INTRODUCTION

Nowadays power supplies with active power correction techniques are required for wide range of applications for
communications, automotive, computer and biomedical industries. Power supplies with active power factor correction
techniques are becoming more necessary for many types of electronic equipment to meet harmonic regulations and
some standards.

Most of power factor correction rectifiers uses boost converter at their front end. Boost converter provides many
advantages such as natural power factor correction capability and simple control. However, low voltage applications
such as telecommunications or computer industry additional converter or isolation transformer is required to step down
voltage. In addition, boost converters suffer from high inrush current which increases the cost of safety required
disconnection devices between load and line voltage.

Cuk converter topology is typically lower efficiency converter; however it presents many advantages, such as isolation
capability, step up/step down output voltage, continuous output current and lower ripple factor. In this paper, high
efficiency cuk topology is proposed. The proposed topology performance is evaluated based on component count,
efficiency, total harmonic distortion and complexity. The proposed topology has low ripple factor.

Il. CUK CONVERTER

Cuk Converter is dc-dc converter , it can step up and step down voltage according to variation in duty ratio,

Vo D

vV 1-D
The cuk converter allows energy to flow bidirectional by using diode and switch. The cuk converter comprises of two
inductors, two capacitors, switch used as transistor, diode.

Figure 1 shows dc-dc cuk converter. It is inverting converter, so output voltage is negative with respect to input
voltage. The capacitor C is used to transfer energy and is connected alternately to input and output of converter that is
in figure 2.
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Figure 1 Cuk Converter
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Figure 2 Cuk Converter Operation Circuit
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Figure 3 Cuk Converter Operation Circuit

The two inductors L, and L, are used to convert respectively input voltage source and output voltage source into current
source. In short time inductor can be considered as current source as it maintains constant current. Charging capacitor
with current source prevents resistive current limiting and its associated energy loss.

Cuk converter can either be operated in continuous or discontinuous current mode. However it can be operated in
voltage discontinuous mode.

Continuous Mode: In steady state, energy stored in inductors has to remain same at beginning and at commutation
cycle. The energy in inductor is

1
E=ZLI?
2
This implies that current through inductors has to be same at beginning and end of commutation cycle. As evolution of
current through inductor is related to voltage across it:
V=1 dl
L= de
It can be seen that average value of inductor voltages over commutation period have to be zero to satisfy steady state
requirements.
If we consider that capacitors C and C, are large enough for voltage ripple across them to be negligible, inductor
voltage becomes:
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e In off state, inductor L, is connected in series with V; and C. Therefore V,; =V, — V, . As diode D is forward
biased, L,is directly connected to output capacitor. Therefore V,, = V.
e In on state, inductor L, is directly connected to input source. Therefore V;, = V; . Inductor L, is connected in
series with C and output capacitor, so V,, = V, + V. .
The converter operates in on state fromt=0tot = DT (D is duty Cycle), and in off state from DT to T. The average
value of V,, and V,, are therefore:

Viu=D-Vi+ 1-D)-V;= V., =(V;— (1-D) - V)
Vi, =DWV,+ V. )+ (A=D)-Vo=(Vo+ D- V)

As both average voltages have to be zero to satisfy steady state conditions, using last equation we can write:
So average voltage across L,becomes:

Which can be written as:

Discontinuous Mode: Like all dc-dc converters ability of inductors in circuit to provide continuous current, in much
same way capacitor in rectifier filter provides continuous voltage. If this inductor is too small, then current will be
discontinuous.
The minimum inductance is given by:
L _(@-D)*R
1min — 2Dfs
Where f is switching frequency.

11l. POWER FACTOR CORRECTION

The quality of absorbed from utility line by electronic equipment is increasing due to several reasons. In fact, low
power factor reduces the power available from utility grid, while high harmonic distortion of line current which causes
and cross-interferences, through the line current impedance, between different systems connected to a same grid.

An ideal power factor should emulate resistor on supply side while maintaining regulated output voltage. In case of
sinusoidal line voltage, means that converter must draw sinusoidal current from utility; in order to do that, suitable
sinusoidal reference is generally needed and control objective is to force input current to follow as possible to reference
current.

IV. RESULTS AND DISCUSSION

This paper involves simulation of simple circuits with gradual increase in complexity by inclusion of new components.
All simulation work is done in MATLAB Simulink. First | have explained only cuk converter without any technique.
Then its THD calculation and ripple factor. Then I have shown different control techniques using cuk converter. So,
results shows that without control technique power factor is not improved and also THD is very high and ripple factor
is high. So to improve power factor, THD and ripple factor, | have selected few control techniques.

The simulations of simple cuk converter using control techniques are shown as below.
a. Peak Current Control Method Using Cuk Converter
The circuit diagram of peak current control method using boost converter is shown in figure 3. It is in MATLAB
software. The value of each component is shown in table. | am using 56.4 RMS in input and it gets step up/down in
output. Values of PI controller are set according to circuit.
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Table 1 Circuits Parameter Used In Simulation

il 2016

Components / Parameters Values
Input Voltage 56.4 RMS
Inductor 0.26e-3 H
Capacitor 3000e-6 F
Resistor 50 Ohm
Switching frequency 20 kHz
Reference Voltage 100 V

Tablel shows circuits parameters used in simulation i.e. voltage, inductor, capacitor, resistor, frequency Parameters.
The circuit diagram of peak current control method using Cuk converter is shown in figure 3. It is in MATLAB
software. The value of each component is shown in table. | am using 56.4 RMS in input and it gets step up/down in
output. Values of PI controller are set according to circuit. The table shows basic component of circuit diagram.The

results of simulation are shown in below.

Table 2
Topology THD(%) | Power Factor | Ripple Factor
Cuk Converter | 12.51% 0.9911 Voltage | Current
21.5% | 21.5%
Table 2 describes that using converter for peak current control is improving power factor and its thd are also reduced.
T
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Figure 6 DC Output Voltage

b. Average Current Control Method Using Cuk Converter
The circuit diagram of average current control method using cuk converter. It is also in MATLAB software. The value
of each component is shown in table 1.
The results of simulation are shown as below.

Table 3
Topology THD Power Factor Ripple Factor
(%)
Current Control | 38.42% | 0.9993 Voltage | Current

Method

8.7% 8.5%
Table 3 shows values of average current control technique for cuk converter is also improving power factor and also
reduces THD.
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Figure 7 Average Current Control Method
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Figure 9 DC Output Voltage

C. Hysteresis Control Method
The circuit diagram of hysteresis current control method using cuk converter. It is also in MATLAB software. The

value of each component is shown in table 1.
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Figure 11 Input PFC Of Voltage And Current
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Table 4
Topology THD (%) | Power Factor | Ripple Factor
Hysteresis Control | 3.65% 0.9998 Voltage | Current
6.6% 7.00%

Table 4 shows improved power factor nearer o unity and reduced THD using Hysteresis Control by cuk converter
topology.

Comparative results of performance parameters of cuk converter topology with various current control strategies
incorporated from below table, it can be preferable that hysteresis control technique is most preferable as it affords low
THD for supply voltage and improved power factor.

Table 5
Topology THD (%) | Power Factor | Ripple Factor
Peak current control 1251 0.9911 75% | 7.25%
Average current control | 38.42 0.9993 5.35% |5.25%
Hysteresis control 3.65 0.9998 2.00% | 2.00%

VI. CONCLUSION

A cuk converter using various topologies has been studied and it is found that proposed topology has improved power
factor and supply current, THD and ripple factor. The current control technique for improving power quality for cuk
converter has been analyzed. Comparative analysis of peak current, average current and hysteresis has been also carried
out in MATLAB Simulink. The simulation obtained show that hysteresis control offers power factor very close to unity
and supply current THD is 3.00% compared to other techniques.
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