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Abstract:

This research work deals with comparison of Pl and fuzzy logic control for boost to boost converter with
SEPIC converter for induction motor drives which can be used in paper mills and textile mills. The
performances analysis of Boost-Boost inverter fed IM drive system with boost SEPIC inverter fed IM drive
system is validated by MATLAB Simulink. The boost - SEPIC converter is proposed to reduce the ripple in the
input current. The output power of PV is boosted using a boost converter and applied to a seven level inverter.
The results validated with these two controllers (Pl and FLC) for boost to boost and boost — SEPIC system
which conclude the boost — SEPIC converter with FLC will be suitable for this proposed work.

Keywords : SEPIC, FLC, PI, MATLAB.

1. INTRODUCTION

The extensive use of fossil fuels has resulted in the global problem of greenhouse emissions.
Moreover, as the supplies of fossil fuels are depleted in the future, they will become increasingly
costly. Thus, solar energy is becoming more important since it produces less pollution and the cost of
fossil fuel energy is rising, while the cost of solar arrays is decreasing. In particular, small-capacity
distributed power generation systems using solar energy may be widely used in residential
applications in the near future [1], [2]. The power conversion interface is important to grid- connected
solar power generation systems because it converts the DC power generated by a solar cell array
into ac power and feeds this ac power into the utility grid. An inverter is necessary in the power
conversion interface to convert the DC power to AC power [2]-[4]. Since the output voltage of a solar
cell array is low, a DC-DC power converter is used in a small-capacity solar power generation system
to boost the output voltage, so it can match the DC bus voltage of the inverter. The power conversion
efficiency of the power conversion interface is important to in- sure that there is no waste of the
energy generated by the solar cell array. The active devices and passive devices in the inverter produce
a power loss. The power losses due to active devices include both conduction losses and switching
losses [5]. Conduction loss results from the use of active devices, while the switching loss is
proportional to the voltage and the current changes for each switching and switching frequency. A
filter inductor is used to process the switching harmonics of an inverter, so the power loss is
proportional to the amount of switching harmonics. The voltage change in each switching operation
for a multi- level inverter is reduced in order to improve its power conversion efficiency [6]-[15] and
the switching stress of the active devices. The amount of switching harmonics is also attenuated, so
the power loss caused by the filter inductor is also reduced. Therefore, multilevel inverter technology
has been the subject of much research over the past few years. In theory, multilevel inverters should be
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designed with higher voltage levels in order to improve the conversion efficiency and to reduce
harmonic content and electromagnetic interference (EMI). Conventional multilevel inverter topologies
include the diode- clamped [6]-[10], the flying-capacitor [11]-[13], and the cascade H-bridge [14]-
[18] types. Diode-clamped and flying- capacitor multilevel inverters use capacitors to develop several
voltage levels. But it is difficult to regulate the voltage of these capacitors. Since it is difficult to create
an asymmetric voltage technology in both the diode-clamped and the flying- capacitor topologies, the
power circuit is complicated by the increase in the voltage levels that is necessary for a multilevel
inverter. For a single-phase seven-level inverter, 12 power electronic switches are required in both the
diode-clamped and the flying-capacitor topologies. Asymmetric voltage technology is used in the
cascade H-bridge multilevel inverter to allow more levels of output voltage [17], so the cascade H-
bridge multilevel inverter is suitable for applications with increased voltage levels. Two H-bridge
inverters with a DC bus voltage of multiple relationships can be connected in cascade to produce a
single- phase seven-level inverter and eight power electronic switches are used. More recently, various
novel topologies for seven- level inverters have been proposed. For example, a single-phase seven-
level grid-connected inverter has been developed for a photovoltaic system [18]. This seven-level
grid-connected inverter contains six power electronic switches. However, three DC capacitors are used
to construct the three voltage levels, which results in that balancing the voltages of the capacitors is
more complex. In [19], a seven-level inverter topology, configured by a level generation part and a
polarity generation part, is proposed is shown in figure 1.
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Figure: 1. Configuration of the solar power generation system.

There, only power electronic switches of the level generation part switch in high frequency, but ten
power electronic switches and three DC capacitors are used. In [20], a modular multilevel inverter
with a new modulation method is applied to the photovoltaic grid-connected generator. The modular
multilevel inverter is similar to the cascade H-bridge type. For this, a new modulation method is
proposed to achieve dynamic capacitor voltage balance. In [21], a multilevel DC-link inverter is
presented to overcome the problem of partial shading of individual photovoltaic sources that are
connected in series. The DC bus of a full-bridge inverter is configured by several individual DC
blocks, where each DC block is composed of a solar cell, a power electronic switch, and a diode.
Controlling the power electronics of the DC blocks will result in a multilevel DC-link voltage to supply
a full-bridge inverter and to simultaneously overcome the problems of partial shading of individual
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photovoltaic sources. According to the knowledge of authors, the boost to boost converter is not used
between the PV system and multilevel inverter.
This paper compares the boost to boost converter and boost — SEPIC converter for PV system. The
proposed solar power generation system is composed of a DC/DC power converter and a seven-level
inverter. The seven- level inverter is configured using a capacitor selection circuit and a full-bridge
power converter, connected in cascade. The seven-level inverter contains only eight power electronic
switches, which simplifies the circuit configuration.
2. CIRCUIT CONFIGURATION

Figure.1 shows the configuration of the proposed solar power generation system. The proposed
solar power generation system is composed of a solar cell array, a DC-DC power converter, and a new
seven-level inverter. The solar cell array is connected to the DC-DC power converter, and the DC—
DC power converter is a boost converter that incorporates a transformer. The DC-DC power converter
converts the output power of the solar cell array into two independent voltage sources with multiple
relationships, which are supplied to the seven level inverter. The seven —level inverter is composed of
a capacitor selection circuit and a full bridge power converter, connected in a cascade. The power
electronic switches of capacitor selection circuit determine the discharge of the two capacitors while
the two capacitors are being discharged individually or in series. Because of the multiple
relationships between the voltages of the DC capacitors, the capacitor selection circuit outputs a
three-level DC voltage. The full-bridge power converter further converts this three-level DC voltage
to a seven-level AC voltage that is synchronized with the utility voltage. In this way, the proposed
solar power generation system generates a sinusoidal output current that is in phase with the utility
voltage and is fed into the utility, which produces a unity power factor.
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Figure: 2. Operation of DC-DC power converter: (a) Sp 1 isonand (b) Sp 1 is off.
3. DC-DC Power Converter

As seen in Figure 2. The DC-DC power converter incorporates a boost converter and a current
fed forward converter. The boost converter is composed of an inductor Lp, @  power
electronic  switch Sp;, and a diode, Dps. The boost converter charges capacitor C, of the seven
level inverter. The current fed forward converter is composed of an inductor LD, power
electronic switches Sp; and  Sp, ,a transformer and diode Dp; and Dp,. The current fed
forward converter charges capacitor C1 of the seven level inverter. The inductor Lp and the
power electronic switch SD1 of the current fed forward converter are also used in the boost
converter.

Figure 2(a) shows the operating circuit of the DC-DC power converter when Sp; is turned on. The
solar cell array supplies energy to the inductor Lp. When Sp; is turned off and Sp, is turned on, its
operating circuit is shown in Figure 2(b). Accordingly, capacitor C; is connected to capacitor C, in
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parallel through a transformer, so the energy of inductor Ly and the solar cell array charge capacitor
C, through Dp; and charge capacitor C; through the transformer and Dp; during the off state of Sp;.
Since capacitors C; and C, are charged in parallel by using transformer, the voltage ratio of capacitor
C, and C, is the same as the turn ratio of the transformer. Therefore, the voltages of C,and C, have
multiple relationships. The boost converter is operated in the Continuous Conduction Mode (CCM).
The voltage of C, can be represented as

Ve2 = —. Vs 1)
Where Vs is the output voltage of solar cell array and D is the duty ratio of Sp;. The voltage of
capacitor C, can be represented as ,

1
Vel = 2(1—D)'VS (2

It should be noted that the current of the magnetizing inductance of the transformer increases when

Spe is in the on state. Conventionally, the forward converter needs a third demagnetizing winding in
order to release the energy stored in the magnetizing inductance back to the power source. However
in the proposed DC-DC power converter, the energy stored in the magnetizing inductance is
delivered to capacitor C, through Dp, and Sp; when Sp; is turned off. Since the energy stored in
magnetizing inductance is transferred forward to the output capacitor C, and not back to the DC
source, the power efficiency is improved. In addition, the power circuit is simplified because the
charging circuits for capacitors C; and C, are integrated. Capacitors C, and C, are charged in parallel
by using the transformer, so their voltages automatically have multiple relationships. The control
circuit is also simplified.

oy

utility

M

Figure: 3. Operation of the seven-level inverter in the positive half cycle, (a) mode 1, (b) mode 2, (c)
mode 3, and (d) mode 4.
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a) Proportional integral controller

The Proportional Integral controller is a basic solution for most industrial applications. It is popular
because of its simple structure and can be easily implemented in practice in figure 4. The control
action law of a PI controller is defined by the following equation:

u(t) = K e(t) + K, j e(t)dt 3)
0
1
—PD—
Gain Infegrator
Int
hh:““«
L/’

Gaint

Figure: 4. Implementation of Pl controller

b) Fuzzy logic controller

A Fuzzy Logic Controller (FLC) is basically designed by selecting its inputs and outputs, choosing
the preprocessing needed for the inputs and de post — processing needed for the outputs, as well as
designing each of its four basic components: Fuzzification, rule — base, inference mechanism and
defuzzification ( figure 10).

Fuzzy controller
Reference Control

Input Error Inference
M)+ el mechanism

signal Output
uft) ¥

| Process

Rule-base
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Figure: 5. An FLC is an artificial decision making system that operates in closed loop and real time as can
be observed
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Table 1. Fuzzy Associate Memory for the Proposed System
4, PROPOSED BOOST - SEPIC CONVERTER

The single-ended primary-inductance converter (SEPIC) is a DC/DC-converter topology that
provides a positive regulated output voltage from an input voltage that varies from above to below the
output voltage. 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.

L1a cP D1
L
?lno—o—rvao—{ } ’tlr 0 Vo1
(o) 5
-
Cn—r e Lb — Cour

Figure 6: Proposed Boost - SEPIC Converter

Figure 1 shows a simple circuit diagram of a SEPIC converter, consisting of an input capacitor, C,y an
output capacitor, Cour coupled inductors L;a and L, an AC coupling capacitor, Cp a power FET, Q;
and a diode, D;. it is important to analyze the circuit at DC when Q; is off and not switching. During
steady-state CCM, pulse-width modulation (PWM) operation, and neglecting ripple voltage, capacitor
CP is charged to the input voltage, VIN. When Q; is off, the voltage across Ly, must be Vour. Since
C\ is charged to V), the voltage across Q; when Qs is off is V,y + VOUT, so the voltage across Ly, is
Vout- When Q; is on, capacitor Cp, charged to Vy, is connected in parallel with L1b, so the voltage
across Ly, is —Vn. The currents flowing through various circuit components are shown in Figure 4.
When Q1 is on, energy is being stored in L;a from the input and in L1b from Cp. When Q; turns off,
L1a’s current continues to flow through Cp and D4, and into Coyr and the load. Both Coyr and Cp get
recharged so that they can provide the load current and charge Ly, respectively, when Q; turns back
on.
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Duty cycle of boost -SEPIC converter can be determined by

- Vour + Vewo
Vi Vour + Vo (4)

IN+ Y OUT

Where Vewp is the forward voltage drop
5. SIMULATION RESULTS OF BOOST TO BOOST AND BOOST - SEPIC CONVERTER

The Seven level inverter based PV-Inverter system is modelled using the elements of Simulink.
DC input voltage is shown in the Figure 7 and its value is 70V. The output voltage of the boost
converter is shown in the Figure 8 and its value is 150V. The output voltage of the multilevel inverter
is shown in the Figure 9. The peak value is 140V.
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Figure: 8 Output voltage of the Boost converter
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Figure: 9. Output voltage waveform of the multilevel inverter
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Boost-SEPIC cascaded multi level inverter system is shown in Figure 10. The output of PV is
stepped up in two stages using Boost and SEPIC converters. A single phase induction motor is used
as the load. Output voltage of solar system is shown in Figure 11. Boost converter circuit and its
input current ripple are shown in Figure 12 &13 respectively. The output voltage of the Boost
converter is shown in Figure 14. SEPIC converter and its input current ripple are shown in Figure 15
& 16 respectively. The peak to peak ripple is 5A. The output voltage of SEPIC converter is shown in
Figure 17 and its value is 100V.Switching pulses for M1 and M3 of MLI are shown in Figurel8. The
output voltage of MLI is shown in Figure 19. The peak value is 200V. The speed response is shown
in Figure 20. The speed setteles at 1400RPM. The frequency spectrum for the output is shown in
Figure 21 The THD is 16.7%. The comparison of Boost — Boost and Boost - SEPIC systems are
given in Table 1. The comparison is done in terms of current ripple, output power and THD.
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Converter | Input Ripple Current | Power (Po) | THD %
Boost 3.5A 3125W 24.16%
SEPIC 0.04A 3320W 16.72%
Table 2: Comparison of Current ripple & Output Power
Controllers Rise time (s) Peak time (s) | Setting time (s) | Steady state error (V)
Pl 3.3 3.4 4.2 2.3
FLC 0.4 0 0.5 14

Table 3 : Summary of responses with Pl & FLC
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Summary of responses with Pl & FLC

3.4

0

Rise time (s) Peak time (s) Setting time (s) Steady state error (V)

mPI mFLC

Figure: 22. Comparison chart of summary of response with Pl & FLC

CONCLUSION:

The comparison indicates that boost to SEPIC converter for FLC based system is very smooth
with negligible steady state error when compared to PI controlled system. The results indicate that
the circuit generates seven level output with very low THD. The advantages of the proposed system
are negligible settling time, negligible steady state error and reduced number of switches. The
disadvantages of the system are that it requires two capacitors and coupled inductor. The scope of
this work is the comparison of Pl and FLC controller for boost to boost and boost to SEPIC converter
based solar power generation system. From this analysis boost to SEPIC converter based FLC has
more reliable than the boost to boost converter .
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