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Abstract: In most of the power electronics applications, DC to DC converts have their
importance in providing better regulated output for renewable application. The converters
like boost and classical SEPIC converters provide limited voltage gain. The new DC to DC
converter is Modified SEPIC converter and is designed and developed in
MATLAB/SIMULINK to have better regulated voltage and their performance was estimated
in terms of output voltage, output current, gain and efficiency.
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1. INTRODUCTION
We know that the non-renewable energy resources are the new trend in generating
electricity. Out of these, solar energy is the most popular and efficient method of electricity
generation. For this, special devices called solar cells are installed. The semiconductor
material emits electrons when light energy is incident on a solar panel. However, this method
has its own disadvantages. Sunlight is Earth’s primary source of energy. Solar PV is a
semiconductor device which converts sunlight directly into electricity. The electricity
generated by a PV module is of the DC (direct current) type. The amount of electricity
produced by a PV module is proportional to its size; the larger the module, the more
electricity it produces and the higher the cost of electricity. To overcome this problem, power
converters which steps up the input electrical energy to the desired level are developed. To
step up the energy generated from a PV module, we generally use a DC to DC converter like
Boost, Buck-Boost, SEPIC converter and Modified SEPIC converter [1,2].
But Classical converters (Boost and Buck-Boost) gives limited voltage gain of about G=5
with duty ratio of 0.8 and normally can operate with an adequate static and dynamic
performance. SEPIC converter also generates limited gain same as boost converter, also has
high input ripple current. To overcome these drawbacks, some modifications have been done
to the SEPIC converter. Modified SEPIC converter has less passive components, high static
gain, high efficiency, low input ripple current, soft switching and good dynamic response.
Modified SEPIC converter has two topologies: Without Coupling and With Coupling [3,4].
This paper aims to build a converter which steps up the energy generated by a low power
DC source. The main objective is to build modified SEPIC converter to improve the
converter static gain, enable soft switching, and obtain better efficiency. The analysis was
carried out in MATLAB/SIMULINK environment.

VOLUME 12 ISSUE 4 2021

54

http://www.proteusresearch.org/

PROTEUS JOURNAL

ISSN/eISSN: 0889-6348

2. MODIFIED SEPIC CONVERTER
2.1 Modified SEPIC converter
The Classical SEPIC converter has been modified to achieve high static gain, low switch
voltage, low input current ripple, reduced weight and volume, and high performance. This
modified SEPIC converter has two topologies:
• Modified SEPIC converter without coupling
• Modified SEPIC converter with coupling
2.1.1 Modified SEPIC converter without coupling
The static gain of the Modified SEPIC converter without coupling is nearly twice that of
the classical Boost converter, and the switch voltage is half that of the classical Boost
converter. With this alteration, many operational characteristics of the Classical SEPIC
converter are altered, such as the elevation of converter static gain. The capacitor CM is
charged with the current in this topology. It’s operation can be explained in two stages.
Assume all the capacitors to be voltage sources and the semiconductors to be ideal for
theoretical analysis [5,6]. The Basic circuit diagram of Modified SEPIC converter, without
coupling and with coupling when switch is ON and OFF is shown in Figure 1, Figure 2 and
Figure 3.
First stage (switch is turned off): When the switch S is switched off, the energy stored in
the inductor L1 is transferred to the load via the capacitor CS and diode D0, as well as to the
capacitor CM via the diode DM. The capacitor CM voltage is equal to the switch voltage at
this point. The diode D0 is used to transfer energy to the load [7, 8].
Second stage (switch is turned on): When switch ‘S’ is switched on, the diodes DM and
D0 are blocked, and the energy is stored in the inductors L1 and L2. The inductor L1 receives
the input voltage Vi, while the inductor L2 receives the voltage VCS – VCM. The VCM voltage
is higher than the VCS voltage. No energy will be passed to the load because the diodes are
blocked [9].

Figure

1.

Modified SEPIC converter
coupling without coupling
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Figure 3. Modified SEPIC without coupling when switch is turned on

2.1.2. Modified SEPIC converter with coupling
The modified SEPIC converter with coupling gives a static gain close to twice of the
modified SEPIC converter without coupling. This topology is accomplished by adding an
inductor auxiliary winding that functions as a flyback transformer to a modified SEPIC
converter without a coupling circuit in order to increase static gain by increasing the
transformer turns ratio (n) while keeping the switch voltage low. Due to the presence of
coupling winding L2 leakage inductance, this topology has the issue of overvoltage at the
diode D0. Some energy is retained in the leakage inductance due to the diode D0's reverse
recovery current, resulting in a voltage ring and a high reverse voltage across D0. The
overvoltage problem cannot be solved with conventional snubbers or dissipative clamping. A
voltage multiplier on the secondary side of the fly back transformer is a simple solution to
this problem. The voltage across D0 is reduced to a value lower than the output voltage by this
voltage multiplier, which increases the static gain. Energy stored in the leakage inductance
due to the reverse recovery current of the diode D0 is transferred to the load through this
voltage multiplier cell. However, since magnetic coupling is not achieved with the input
inductor in this topology, the input current ripple is poor and is unaffected by magnetic
coupling. However, this topology also has some disadvantages like Pulsating input current,
Increases the converter complexity [10].
The modified SEPIC converter operation with coupling can be explained in FIVE stages.
Assuming all the capacitors to be voltage sources and the semiconductors to be ideal for
theoretical analysis.
First stage (switch is turned on): At the instant when switch S is turned on, inductor L1
stores the energy and diode D0 is blocked. Capacitor CS2 is charged by the secondary winding
L2s and diode DM2. When the capacitor CS2 is completely charged, diode DM2 is blocked.
Second stage: From the time the diode DM2 is blocked to the time the switch S is switched off,
the energy is stored in inductors L1, L2s, and L2p, and the currents increase linearly. Third
stage (switch is switched off): Energy stored in the inductor L1 is transferred to the capacitor
CM at the moment the switch S is turned off. Energy is also transferred to the load via CS1,
L2p, L2s, CS2 and D0. The diode DM1 is blocked when the capacitor CM is fully charged. The
energy transference to the load is kept constant until the switch S is switched on. Fifth stage
(switch is turned on): When the switch S is triggered, current at the diode D0 decreases
linearly, and di/dt is limited by the transformer leakage inductance, reducing diode reverse
recovery current problems. When the diode D0 is blocked, the converter returns to the first
stage of operation [11].

Figure 4. Modified SEPIC converter with
coupling and a voltage multiplier cell
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3. SIMULATION RESULTS AND DISCUSSIONS
The modified SEPIC converter without coupling is implemented and simulated in
MATLAB/SIMULINK and its related circuits are depicted from Figure 5 to Figure 11.
Similarly modified SEPIC converter with coupling also implemented and simulated in
MATLAB/SIMULINK and its related circuits are depicted from Figure 12 to Figure 18.
3.1 Modified SEPIC converter without coupling

Figure 5. Modified SEPIC converter without coupling in open loop configuration

Voltage (V)

Current (A)

Figure 6. Modified SEPIC converter without coupling in closed loop configuration

Time (sec)
Figure 7. Input voltage waveform of
Modified SEPIC converter without
coupling in closed loop configuration
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Figure 10.Output current waveform Modified SEPIC
converter without coupling in closed loop
configuration

Pulses

Figure 8. Output voltage waveform of
Modified SEPIC converter without coupling in
closed loop configuration

Time (sec)
Figure 11.Switching pulses given in configuration
Modified SEPIC converter without coupling in closed
loop configuration

From the above figures, it is evident that
Input voltage, Vin = 15 V, Output voltage, Vout = 150 V, Input current, Iin = 13 A , Output
current, Iout = 1.2 A, Input power, Pin = Vin * Iin = 15*13 = 195W, Output power, Pout =
Vout*Iout = 150*1.2 = 180W
Hence, Gain = output voltage/input voltage = 150/15 = 10, Efficiency = output power/input
power = 180/195 = 92.3%
3.2 Modified SEPIC converter with coupling

Figure 12. Modified SEPIC converter with coupling in open loop configuration
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Figure 13. Modified SEPIC converter with coupling in closed loop configuration
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Figure 14. Input voltage waveform of
Modified SEPIC converter with
coupling
in
closed
loop
configuration
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Figure 16. Input current waveform of Modified
SEPIC converter with coupling in closed loop
configuration

Figure 15. Output voltage waveform of Modified SEPIC
converter with coupling in closed loop configuration

Time (sec)
Figure 17. Output current waveform of
Modified SEPIC converter with coupling in
closed loop configuration
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Figure 18. Switching pulses in closed loop
configuration Modified SEPIC
converter with coupling

From the above circuits, it is evident that,
Input voltage, Vin = 15 V, Output current, Iout = 0.09 A, Input current, Iin = 1.7 A, Output
voltage, Vout = 271 V, Input power, Pin = Vin * Iin = 15*1.7 = 25.5W, Output power, Pout =
Vout*Iout = 271*0.09 = 24.39W
Hence, Gain = output voltage/input voltage = 271/15 = 18.1, Efficiency = output power/input
power = 24.39/25.5 = 95.65%
Thus, Boost, Classical SEPIC, Modified SEPIC (without and with coupling) converter
circuits have been designed, constructed in MATLAB SIMULINK and the following results
have been obtained and are depicted in Table.
Table: Comparison of Different Converters

Converter
Parameter
Output Voltage
Output current
Gain
Efficiency

Modified SEPIC
without coupling

Modified SEPIC
with coupling

150 V

271 V

1.2 A

0.09 A

10

18.1

92.3%

95.65%

Hence, it can be concluded that the highest gain and efficiency are being obtained by using a
modified SEPIC converter with coupling, their values being 18.1 and 95.65% respectively.

4. CONCLUSIONS
The basics, mathematical analysis and simulation results of Modified SEPIC with and
without coupling converter is presented in this report. Modified SEPIC converter without
coupling can operate with static gain 10 with an efficiency of 92%. Modified SEPIC
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converter with coupling can operate with static gain 18 with improved efficiency of 96%.
Modified SEPIC converter with coupling has high static gain. This is because; the
commutation losses in this topology are reduced due to the presence of transformer leakage
inductance.
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