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Abstract Developed multimode single leg converter replaces bidirectional and boost converter in the conventional power
conversion system. There-by increasing system efficiency and fault tolerance capacity. Proposed converter has four modes of
operation and these modes are simulated using MAT Lab-SIMULINK. This power electronic technology can be applied to
renewable & alternative energy generation systems and electric vehicles.
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1. Introduction

Due to more consumption of energy and population rise
worldwide causing environmental pollutions as well as oil
price increment in recent years. Hence increase in natural gas
and oil prices making people get attracted towards renewable
energy sources such as solar energy, wind energy, fuel cells
etc. Power electronics technology based conversion system
can be applied towards “electric vehicles (EV) and
renewable and alternative energy generation systems
(RAEGS)”.

In this energy conversion system, converters are used to
boost up the generated energy from the renewable sources
and this DC voltage is inverted to make it useful for home,
industrial and automobile applications. Battery pack is the
prime concern in power conversion system hence it is
required to increase the size of the battery. As the size of the
battery increased, stress on the battery as well as cost of the
system increases. Hence ultra capacitors can be used to
protect the battery and increase its life span.

It also improves system performance and power quality of
the design. Aim of the conversion system is to reduce the
conversion cost with simplified system structure. Therefore
multimode converter with two switches on single leg is
developed to reduce the cost of the system and make the
circuit structure very simple.

Developed converter reduces the system cost by reducing
circuit components because it operates as boost and
bi-directional converter. Hence simple structure makes the
diagnose of circuit easy and improves the efficiency of the

* Corresponding author:

madhavi240@gmail.com (Madhavi Gatty)

Published online at http://journal.sapub.org/eee

Copyright © 2017 Scientific & Academic Publishing. All Rights Reserved

conversion. The performance characteristics of the system
are also improved using this converter. Control strategy and
protection of the design is very important to reduce the cost.
By operating two MOSFET switches on single leg, we can
achieve four modes of operations. These modes are
simulated using MATLAB SIMULINK with appropriate
control strategy.

2. Proposed Converter Topology

Power electronics technology based conversion system
can be applied towards “electric vehicles (EV) and
renewable and alternative energy generation systems
(RAEGS)”. This system is shown in Figure 1 which mainly
comprises power  generators, converter, inverter,
battery/Ultra Capacitors and load. In this energy conversion
system, converters are used to boost up the generated energy
from the renewable sources and this DC voltage is inverted
to make it useful for home, industrial and automobile
applications. Battery pack is the prime concern in power
conversion system hence it is required to increase the size of
the battery. As the size of the battery increased, stress on the
battery as well as cost of the system increases. Hence ultra
capacitors can be used to protect the battery and increase its
life span. It also improves system performance and power
quality of the design.

Aim of the conversion system is to reduce the conversion
cost with simplified system structure. Therefore multimode
converter with two switches on single leg is proposed in this
project to reduce the cost of the system and make the circuit
structure very simple. This is illustrated in Figure 2. It
consists of two MOSFET switches, two inductors, diode and
battery storage.
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Figure 1. Power conversion system configuration for EV and RAEGS
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Figure 2. Circuit of proposed multimode single leg converter

Proposed converter reduces the system cost by reducing
circuit components because it operates as boost and
bi-directional converter. Hence simple structure makes the
diagnose of circuit easy and improves the efficiency of the
conversion. The performance characteristics of the system
are also improved using this converter. Control strategy and
protection of the design is very important to reduce the cost.
By operating two MOSFET switches on single leg, we can
achieve four modes of operations. They are (1) main boost
mode (mode 1), (2) boost-buck mode (mode 2), (3)
boost-boost mode (mode 3) and (4) battery boost mode
(mode 4). In first mode the energy generated by the source is
boosted up hence it is named as main boost mode. Here no
change takes place on battery power. In mode 2, input power
gets boosted up along with that battery also starts charging
i.e. buck. Hence it is termed as Boost-Buck mode. Whereas
input power and battery charge both will be boosted during
mode 3 and this mode is called Boost-boost mode. But if
input is not sufficient to supply power to the load during fault
conditions then mode 4 will be helpful since battery directly
supplies power to the load. Therefore this mode is called
Battery Boost mode. Switch control scheme for all four
modes are shown in Figure 3.

3. Basic Operating Principles

3.1. Main Boost Mode (Mode 1): This mode boosts
source voltage to output voltage by operating two MOSFET
switches. ON-OFF period for SW, and SW, is similar.
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Figure 3. Switch control scheme for (a) mode 1 (b) mode 2 (¢) mode 3 and
(d) mode 4

When both the switches are closed then inductor 1 starts
charging. Current flow direction during ON period is shown
in Figure 4. From Figure 4(a) we can write equation for
inductor 1 current as,

Aly = (Vo T (1)
L
The inductor current during T, can be written as
AlLy = (Vour Vo) Tose 2

L,
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Equating above equations gives output voltage as

Vou= Vs 3)
1-D
Where
D =T, “4)
T,

Hence it is clear from the above equation that the voltage
at output is related to duty ratio.
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Figure 4. Current direction during (a) ON period (b) OFF period

3.2. Boost-Buck Mode (Mode 2): In this mode by
controlling SW; and SW, we can achieve boost as well as
buck operation. Where SW, is ON for small duration even
after SW, turns OFF. This makes the battery to get charged
up. During To, poos, bOth the switches are ON making
inductor L, to charge. This operation is illustrated in Figure
5(a).

During Ton boost, inductor ripple current is given by the
equation,

AILl = Vs~Tonib005t (5)
L,
Stored charge in the inductor along with input is
transferred to the load when SW2 turns OFF. Now inductor
L1 ripple current is given by

AlLr = (Vour—Vo) Toft boost (6)
— T
Equating (5) and (6) gives output voltage as
Vou = Vs (7)
1-Dioost

Dboost = Ton_boosl (8)
Tsﬁboost
When SW, is OFF and SW,; is ON inductor L, starts

charging. This makes the battery to get charged up during
Ton buck. Current flow during Ton puek and Tosmuck 1S

illustrated in Figure 5.
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Figure 5. Current direction during (a)Ton boost (D) Ton buck (€) Tofrbuck

Inductor L, current during T, .k after neglecting the
drops in the circuit components is given by

AILZ = (Vs_Vbattery)Tonibuck (9)
L,

Inductor current decreases during buck off and boost on
period

AILZ = Vbattery(Toniboost+T0ff7buck) (l 0)
L,
Output voltage for buck operation is obtained by equating
(9) and (10)

Vbattery = Vs-Dbuck

Dbuck: Tonibuck

(11)
(12)

Tsiboost
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3.3. Boost- Boost Mode (Mode 3): In this mode both
input and battery voltage is boosted to output voltage. Where
we can observe that SW, will continue to be ON even after
SW, turns off. Current flow during this mode is given in
Figure 6.
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Figure 6. Current direction during (a) Ton boost1 (b) Ton boostz & Toft boost1 and
(©) Tofrboosi2

Inductor L, starts charging when both SW, and SW, turns
ON during boostl ON period. Inductor ripple current for this
case is given by

AILl = Vs-Toniboostl (13)
L,

But when SW, turns off then SW, will remain ON for
boost OFF period which makes inductor L, to discharge. It is
expressed as

Al = (Vour V) Tofr boosti (14)
L,
Equating (12) and (13) gives output voltage as
Vou= Vi (15)
1- Dipoosti
Dhroost1= Ton_boosti (16)

Ty
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When SW, is ON during boost2 ON period, inductor L,
current rises and ripple current is given by the equation
AILZ = Vbattery-Ton_boostZ (17)
L,

Inductor L, current will be discharged when both SW, and

SW, turns off and ripple current is expressed as
AILZZ (Vout_Vbattery)ToffiboostZ

L,
Output voltage for mode 3 is obtained by equating (17)
and (19)

(18)

Vout = Vbattery (19)
1'Dboost2
DboostZ = Ton_boostZ (20)

T

3.4. Battery Boost Mode (Mode 4): During fault
conditions if source voltage is not sufficient to provide
power to the output then battery boost mode is required. In
this mode battery will directly supply energy to the load.
This can be done by controlling SW,.

When SW, is ON during T,, period inductor L, starts
charging and current direction is shown in Figure 7. Inductor
current is given by

AILZ = Vbattery~Ton (2 l)

L,

. =

Figure 7. Current flow during ON period and OFF period respectively

Voltage across inductor L2 along with battery voltage is
transferred to the output during OFF period as illustrated in
the figure. Inductor ripple current is expresses as

AILZ = (Vout'Vbattery)~Toff
L,
Equating (21) and (22) gives output voltage as follows

(22)
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Vou= M (23)
1-D
Where
D =T, (24)
T

4. Simulation Results

Proposed multimode single leg converter operates in four

Simulation model and result for mode 3 is presented in
Figure 11. Inductor L2 current goes negative since battery
voltage is supplied to the load with input voltage.

Simulation model for mode 4 is presented in Figure 12.
This mode is useful during fault condition where input is not
sufficient to supply power to the load. Simulation waveform
is shown in Figure 13.

In this case also inductor current is negative since battery
is discharged and supplying power to the load.

Table 1. Simulation parameters

mode.s. To verify .the system performance, these four modes SLNO Parameter Value
are simulated using MATLAB SIMULINK based on the ) S
. . . . upply voltage 12v
simulation parameters given in Table 1. 5 Outout vol e
Simulation model for main boost mode is shown in the oyt voTage
Figure 8. Inductor L1 current increases during SW, and SW, 3 Frequency SOKHz
ON period. The switches are opened then inductor current is 4 Inductor L1 0.96mH
decreased. Simulation waveform is shown in Figure 9. 5 Inductor L2 0.46mH
Simulation model and result for mode 2 is illustrated in 6 Resistor 150Q
Figure 10. Inductor L1 is controlled by SWl‘and in.d.uctor.Z is 7 Battery 3V
controllfed by. SW,. Indu.ctor .LZ current is positive since g Capacitor 100uF
battery is getting charged in this mode.
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Figure 8. Simulation model for main boost mode
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Figure 9. Simulation result for Model
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Figure 11. (a) Simulation model and (b) Simulation result for Mode 3
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Figure 13. Simulation result for Mode 4

5. Conclusions

Proposed converter operates as boost and bidirectional
converter which control the power flows between source
and load. There are four modes of operations.

e To verify the system performance all the modes are
simulated using MATLAB/SIMULINK.

e System has simple structure with reduced cost. Since
the numbers of components are less it is very easy to
diagnose the problems.

e Hence performance and fault tolerance capability of
the system is also improved.

e Main boost mode i.e. mode 1 is implemented
experimentally using SG3524PWM circuitry which
provides gate pulses for controlling the converter.

e Boosted output voltage and corresponding gating
signals are observed. Same method can be adopted for
implementing other three modes also.

This new topology can be applied to wide range of power
electronic applications including energy conversion.
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