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Abstract: - In present scenario, different portable electronic
devices are implemented with dc-dc converters, that are able
to gain high efficiency with a wide input and output ranges
with smaller sizes. But the conventional converters can’t
maintain the specified criterion, especially if up and down
voltage has to be achieved. This can be obtained by SEPIC
Converter. The SEPIC-voltage regulator is a good choice for
non-isolated battery-powered systems. The topology is able to
both buck and boost the voltage, and unlike a conventional
buck/boost regulator, supply a non-inverted- and zero-volt
output. Due to this the input current example of the SEPIC is
smooth (because of the inductor) and the output current
signal is chopped (because of the diode feeding the output)
then the energy is passed across the capacitors are widely used
because of its very high efficiency in PC power supplies ,
battery chargers DC motor power systems and different
industrial applications.
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1. INTRODUCTION

The single-ended primary-inductance converter (SEPIC) isa
DC/DC-converter topology that provides a positive regulated
output voltage from an input voltage that varies from above
to below the output voltage. This type of conversion is handy
when the designer uses voltages (e.g, 12 V) from an
unregulated input power supply such as a low-cost wall
wart. Unfortunately, the SEPIC topology is difficult to
understand and requires two inductors, making the power-
supply footprint quite large. Recently, several inductor
manufacturers began selling off-the-shelf coupled inductors
in a single package at a cost only slightly higher than that of
the comparable single inductor. The coupled inductor not
only provides a smaller footprint but also, to get the same
inductor ripple current, requires only half the inductance
required for a SEPIC with two separate inductors. This
article explains how to design a SEPIC converter with a
coupled inductor.

Circuits run best with a steady and specific input. Controlling
the input to specific sub circuits is crucial for fulfilling design
requirements. AC-AC conversion can be easily done with a
transformer; however dc-dc conversion is not as simple.
Diodes and voltage bridges are useful for reducing voltage by
a set amount, but can be inefficient. Voltage regulators can
be used to provide a reference voltage. Additionally, battery
voltage decreases as batteries discharge which can cause
many problems if there is no voltage control. The most

efficient method of regulating voltage through a circuit is
with a dc-dc converter. There are 5 main types of dc-dc
converters. Buck converters can only reduce voltage, boost
converters can only increase voltage, and buck-boost, Cuk,
and SEPIC converters can increase or decrease the voltage.
Some applications of converters only need to buck or boost
the voltage and can simply use the corresponding
converters. However, sometimes the desired output voltage
will be in the range of input voltage. When this is the case, it
is usually best to use a converter that can decrease or
increase the voltage. Buck-boost converters can be cheaper
because they only require a single inductor and a capacitor.
However, these converters suffer from a high amount of
input current ripple. This ripple can create harmonics; in
many applications these harmonics necessitate usingalarge
capacitor or an LC filter. This often makes the buck-boost
expensive or inefficient. Another issue that can complicate
the usage of buck-boost converters is the fact that they
invert the voltage. Cik converters solve both of these
problems by using an extra capacitor and inductor. However,
both Cik and buck-boost converter operation cause large
amounts of electrical stress on the components, this can
result in device failure or overheating. SEPIC converters
solve both of these problems [1][3].

1.1 Design of SEPIC Converter

The purpose of this paper is to design and optimize a SEPIC
dc/dc converter (Single Ended Primary Inductance
Converter). The SEPIC converter allows a range of dc voltage
to be adjusted to maintain a constant voltage output. This
paper describes about the importance of dc-dc converters
and why SEPIC converters are used instead of other dc-dc
converters. All dc-dc converters operate by rapidly turning on
and off a MOSFET, generally with a high frequency pulse.
What the converter does as a result of this is what makes the
SEPIC converter superior. For the SEPIC, when the pulse is
high/the MOSFET is on, inductor 1 is charged by the input
voltage and inductor 2 is charged by capacitor 1. The diode is
off and the output is maintained by capacitor 2. When the
pulse islow/the MOSFET is off, the inductors output through
the diode to the load and the capacitors are charged.

The greater the percentage of time (duty cycle) the pulse is
low, the greater the output will be.

This is because the longer the inductors charge, the greater
their voltage will be. However, if the pulse lasts too long, the
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capacitors will not be able to charge and the converter will
fail.
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Fig -1: SEPIC operation

Using a coupled inductor takes up less space on the PCB
and tends to be lower cost than two separate inductors.
The capacitor Cs isolates the input from the output and
provides protection against a shorted load. Both figures
Show the SEPIC converter current flow and switching
waveforms[2][3].

Fig-2(a): SEPIC Converter current flow
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Fig- 3: SEPIC Converter Switching Waveforms
1.2 Duty Cycle Consideration

For a SEPIC converter operating in a continuous conduction
mode (CCM), the duty cycle is given by Vp is the forward
voltage drop of the diode D1.

The amount that the SEPIC converters step up or down the
voltage depends primarily on the Duty Cycle and the
parasitic elements in the circuit.

The output of an ideal SEPIC converter is

v D=Vi
Q:
1-D - (1)

However, this does not account for losses due to parasitic
elements such as the diode drop VD. These make the
equation:

D=1

Vo+ 1, =
1-D - (2)

This becomes
R Vo+V,
i+ + 1 - (3)

The maximum Duty Cycle will occur when the input
voltage is at the minimum.

If VD=.5V, the Duty Cycle is

o . lovtosv o
min T 6y + 10V + 0.5V - (4)
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The minimum duty cycle will occure when the input
voltage is at the maximum

o L loviosv
mn T 18y + 10V + 0.5V . (5)

1.3 Inductor Selection

A good rule for determining the inductance is to allow the
peak-to-peakripple current to be approximately 40% of the
maximum input current at the minimum input voltage[4].

Theripple current flowing in equal vale inductors L1 and L2
is given by:

IL = I”\r * 400,!{] = IOUT VOUT *4’0% (6)
IN{MIN)

The inductor value is calculated by:

Vi ~*
[1=12 =] — oun* Pmax

Inomar) * fsw (7

In theory, the larger the inductors are the better the circuit
will operate and reduce the ripple.

However, larger inductors are more expensive and have a
larger internal resistance.

This greater internal resistance will make the converter less
efficient[5][6].

Creating the best converter requires choosinginductors that
are just large enough to keep the voltage and current ripple
at an acceptable amount.

2. Simulation and Analysis of SEPIC converter

2.1 Simulink Model
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Fig 4: Simulink model for SEPIC Converter

2.2 Performance Analysis of Sepic Converter Parameters
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Fig 5: Input voltage of SEPIC Converter
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Fig 6: Gate Pulses supplied in MOSFET

Fig 5 and Fig 6 show the input voltage of the converter thatis
taken as 20 Volt and Gate pulse of 1 volt amplitude and 40
pulse width (% of period).
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Fig 7: Current waveform of Capacitor C4
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Fig 8 : Current waveform of inductor L4

Fig (7-8) shows the current waveforms of capacitor C4 and
inductor L4 for SEPIC converter with duty cycle of 0.44.
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Fig 9: Output current waveform of SEPIC Converter
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Fig 10: Output Voltage waveform of SEPIC Converter

Fig 9 shows the output current waveform of SEPIC converter
and the magnitude is 0.76A.and By performing simulation
with the help of MATLAB 13 Fig 10 shows the outputvoltage
waveform of SEPIC converter. Output voltage across
resistive load is 15.32 Volt for input of 20 volt.

2.3 SEPIC Converter parameters
CASE I: When input is constant Vi=20 Volt

Table -1: SEPIC Converter Performance parameters

Parameters SEPIC
Output (Vdc) 15.32Volt
Input voltage (Vin) 20Volt
Output current (Idc) 0.766 A
Output power (Pdc) 11.73512 Watt
Voltage Gain 0.766
Efficiency 76.6 %
Power Loss 48.26488 Watt

CASE II : When input is variable

Table -2 : Output voltage with variance in input voltage

Input Voltage (Volt) Output voltage(Volt)
10 7.466
20 15.32
30 23.17
40 31.08
50 3891
60 46.77
70 54.62

Output Voltage and input voltage
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Fig 11: Determination of output voltage curve with the
variation in input voltage
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Fig 11 shows the decrement in the output voltage according

to the input voltage.
Case III: When input current and voltage is varied

Table 3: Output power with variance in input power

Input Input Input Output
Voltage current Power power
(Volt) (A) (Watt) (Watt)

10 1A 10 7.466

20 2A 40 30.64

30 3A 90 69.51
40 4A 160 124.32
50 S5A 250 194.55
60 6A 360 280.62
70 7A 490 382.34

Cutput Power and input power
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Fig-12 : Determination of output power curve with the
variation in input voltage and current

Case IV: When input power is varied and efficiency is
determined

Table 4 : Efficiency with variance in input power

Vl(?llt):gte CLI:-I;::“ ;25;::1. Effi(;iency
(Volt) (A) (Watt) (%)
10 1A 10 74.66
20 2A 40 76.6
30 3A 90 77.23333
40 4A 160 77.7
50 5A 250 77.82
60 6A 360 77.95
70 7A 490 78.028517
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Fig-13 : Determination of Efficiency curve with the
variation in input

3. CONCLUSIONS

Modeling of SEPIC Converter has been selected to generate a
step down DC voltage, as 20voltinputis supplied and 15.32
volt is obtained with the result of simulation. This type of
converter can be used in battery operated devices, where
low voltage is required. Graphical comparison is done by
varying the input parameters and the corresponding output
parameters are obtained. All the specification and values of
passive components for designing of a SEPIC converter is
determined. By using MATLAB Simulink, analysis and
simulation of SEPIC Converter hasbeen carried out. MATLAB
simulation using calculated parameters is performed and
corresponding waveforms are obtained. From simulation it
is observed that output voltage is dependent upon the duty
cycle.
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