International Journal of Enhanced Research in Science Technology & Engineering, ISSN: 2319-7463
Vol. 3 Issue 9, Sept.-2014, pp: (103-113), Impact Factor: 1.252, Available online at: www.erpublications.com

Performance Analysis of Transformerless DC-
DC Boost Converter for High Step-Up

Voltage Gain

Nidhi Vijay, Ashok Kumar Sharma, Amit Kumar Sharma

Department of Electrical Engineering, University College of Engineering, Kota, India

Abstract: This paper presents the performance analysis of new transformerless dc-dc converters to achieve high
step-up voltage gain without an extremely high duty ratio. The switched-inductor technique is used to design
the equivalent circuit of these converters with voltage lift circuit, allowing a boost of the input voltage to high
values. This paper describes the steady-state analysis of voltage gain for all the converters. For the execution of
proposed converters the MATLAB/SIMULINK software has been used. Finally the comparative analysis of
proposed converters with conventional boost converter which shows that proposed converters have higher
voltage gain and reduced voltage stress.
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Introduction

DC-DC power converters are employed in a variety of applications, including power supplies for office equipment,
personal computers, spacecraft power systems, and telecommunications equipment, as well as dc motor drives. DC-
DC conversion is the key element in energy management system show the wide diversity depending upon their
structure, time response & energy consumption. Various types of DC-DC converters are buck, boost, buck boost, cuk
& fly back converters. The DC-DC converter has some functions. These are:

Convert a DC input voltage Vs into a DC output voltage Vo.

Regulate the DC output voltage against load and line variations.

Reduce the AC voltage ripple on the DC output voltage below the required level.
Provide isolation between the input source and the load (if required).

Protect the supplied system and the input source from electromagnetic interference.
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The boost converter is one of the most important non isolated step-up converter, however the operation with high input
current and high output voltage, became impracticable the development of high performance converter, due to
efficiency degradation and dynamic range limitation. Although, a dc—dc boost converter can achieve a high step-up
voltage gain with an extremely high duty ratio [1]-[3]. However, the step-up voltage gain is limited due to the effect of
power switches, rectifier diodes, and the equivalent series resistance of inductors and capacitors and also the extremely
high duty-ratio operation will result in a serious reverse recovery problem.

Many topologies are designed to get higher voltage gain without an extremely high duty ratio, but the voltage stress on
active switch is high due to the leakage inductance of the transformer [4]-[8]. The coupled-inductor techniques
propose the solution to achieve high voltage gain, low voltage stress on the active switch without high duty ratio [5]-
[10]. The modified boost type with switched-inductor technique is presented in [9]. Only one power stage is used in
this converter; however the voltage stress on active switch is equal to the output voltage. A transformerless dc-dc
converter is proposed [10] to reduce the voltage stress less than the output voltage as compared to the converter
presented in [9]

This paper also describes the operating principle and performance analysis of boost converter and proposed converters
in continuous-conduction-mode because in continuous conduction mode converters have low losses. A transformer
less dc-dc high step up proposed converters have following benefits:

» Two power devices exist in current flow path during the switched on period & one power device exist in current
flow path during the switched off period.
» The voltage stresses on the active switches are less than the output voltage.
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» Under the same operating conditions, including input voltage, output voltage, and output power, the current stress
on the active switch during the switch-on period is equal to the half of the current stress on the active switch of the
converter in modified boost converter.

This proposed dc—dc converters presented in this paper utilize the switched inductor technique, in which two inductors
with same level of inductance are charged in parallel during the switch-on period and are discharged in series during
the switch-off period, to achieve high step-up voltage gain without the extremely high duty ratio.
To analyze the steady state characteristics of the proposed converters following conditions are considered:
» All components are ideal—the ON-state resistance of the active switches, the forward voltage drop of the diodes,

and the ESRs (equivalent series resistance) of the inductors and capacitors are ignored.
»  All capacitors are sufficiently large, and the voltages across the capacitors can be treated as constant.

Converter Topology

A. Boost Converter
The boost converter is a very popular non-isolated topology effectively used to transform an input voltage into a
higher output voltage. Boost converter works as a step-up converter i.e. it gives an output voltage V, which is greater

than the input voltage Vs by the factor 1/(1-D), where D is duty ratio of the switch. The circuit diagram for boost
converter as shown in Figure 1.
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Figure 1. Equivalent circuit of boost converter

When the switch sw is closed as shown in Figure 2. The inductor current will flow through the short circuit Path and
the two governing dynamic equations for this ON condition will be

Vinton + (Vi =V, )t =0
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Figure 2. Equivalent circuit of boost converter when
(&) When switch ON (b) When switch OFF

Thus the voltage gain obtained as

Mccm e —
V, t, 1-D

)
B. Proposed Converter |

Figure 3 shows the circuit configuration of the proposed converter I, which consists two active switches S;, S,, two
inductor L; & L, with same level of inductance, one output diode D, & output capacitor C,. Switches S; and S, are
controlled simultaneously by one control signal.
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Figure 3. Equivalent circuit of proposed converter |
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Figure 4. Equivalent circuit of proposed converter |

(@ When switch ON (b) When switch OFF
+ Steady State Analysis Of Proposed Converter | in Continuous Conduction Mode
The operating modes can be divided into two modes, defined as modes 1 and 2.

» Mode 1 [to, t;]. During this time interval, switches S; and S, are turned on. Inductors L; and L, are charged in
parallel from the dc source, and the energy stored in the output capacitor Co is released to the load. Thus, the
voltages across L; and L, are given as

VLl :VLZ :Vin
3)

» Mode 2 [ty, t,]. During this time interval, S; and S, are turned off. The dc source, Ly, and L, are series connected
to transfer the energies to C, and the load. Thus, the voltages across L; and L, are derived as

V. -V
V :V — in (0]
LV IS —2
(4)
By using the volt—second balance principle on L; and L,, the following equation can be obtained:
DTs Ts V _ V
[Vidt+ [ S edt=0
0 DTs
()
By solving (5), the voltage gain is given by
vV, 1+D
Mo =y, “1°D
in -
(6)
The voltage stress on Sy, S,, D, can be derived as
V. +V.
Vsl :VSZ == =
2
()
VDO :Vo +Vin
(8)
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C. Proposed Converter Il
Figure 5 shows the circuit configuration of the proposed converter I, which is the proposed converter | with two

voltage-lift circuit. Thus, two inductors (L; and L,) with the same level of inductance are also adopted in this
converter. Switches S; and S, are controlled simultaneously by one control signal.
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Figure 6. Equivalent circuit of proposed converter |1

@) When switch ON  (b) When switch OFF
« Steady State Analysis of Proposed Converter Il in Continuous Conduction Mode (CCM)

The operating modes can be divided into two modes, defined as modes 1 and 2.

» Mode 1 [to, t1]. During this time interval, St and Sz are turned on. L1 and L2 are charged in parallel from the dc
source, and the energy stored in Co is released to the load. Moreover, capacitor C1and C, are charged from the dc
source. Thus, the voltages across L1, L2, and C1 and C, are given as

Vi =V, =V =V, =V, 9)
» Mode 2 [t1, t2]. During this time interval, St and Sz are turned off. The dc source, L1, C1, C,and L2 are series
connected to transfer the energies to Coand the load. Thus, the voltages across L1and Lz are derived as

Vin +Vc1+Vc2 -V, _ 3Vin _Vo

V,=V, = £
L1 L2 2 2
(10)
By using the volt—second balance principle on L1and Lz, the equation can be obtained
DTg

[ Vidt+ ]' wdtzo
0 DT,

(11)
By simplifying (16), the voltage gain is given by
\Y) 3-D
M =—2=——
CCM Vin 1_ D
12)
The voltage stress on Sy, S, Dy, D, and D, can be derived as
V. -V,
V51 = Vsz =Vp, =Vp, = %
(13)
VDo :Vo _Vin
(14)
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Simulation of Conventional Boost Converter & Proposed Converters

To verify the operation and performance of the converters described in this section, simulation is done in Matlab with
following parameters:

Y

Input voltage Vi,: 12 V

» Output voltage V,: 100 V

»  Switching frequency : 1 kHz
> Power Py: 40 W

For the simulation purpose, the tool box used is the sim-power system tool box. This section provides the details of
simulation which is performed on the conventional boost converter and proposed converters with same design factors
mentioned above. Simulation results are presented in this section which is in agreement with the theoretical analysis.

.

«» Simulation of Conventional Boost Converter
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Figure 7. Simulation diagram of boost converter

Load resistance is 250 Q and inductor L= 10 mH. Switch S; is IGBT switch which is controlled by using control
signal which is square pulse with amplitude 1 V with duty cycle as calculated below.

Duty cycle can be calculated by using (2)

Vo L+ 100
v, TS
(15)

D= 88%

(16)
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Figure 8. Input/Output voltage of boost converter
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Figure 9. Current across inductor L & output capacitor Co
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Figure 10. Voltage stress across output diode Dy & switch S;
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+« Simulation of Proposed Converter |
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Figure 11. Simulation diagram of proposed converter |

Load resistance R= 250 Q, inductor L,;=L,=10 mH, filter capacitor Co=68 pF. Switch S; and S, are IGBT switches
which are controlled by using one control signal which is square pulse with amplitude 1 V with duty cycle as
calculated below.

V, _1+D_100
V, 1-D 12
a7)
D =78.57%
(18)
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Figure 12. Input/Output voltage of boost converter
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Figure 13. Current across filter capacitor C
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Figure 14. Inductor current across L; & L,
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Figure 15. Voltage stress across switches

% Simulation of Proposed Converter 11
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Figure 16. Simulation diagram of proposed converter Il

Load resistance R= 250 Q, inductor L;=L,=10 mH, filter capacitor Co=68 uF, C;=57 pF. Switch S;and S, are IGBT
switches which are controlled by using one control signal which is square pulse with amplitude 1 V with duty cycle as
calculated below.

V, 3-D 100
V, 1-D 12
(19)

D=72.72%

(20)
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Figure 18. Input/Output voltage of converter
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Figure 19. Inductor current across L; & L,
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Figure 20. Voltage stresses across switches

Comparison Between Proposed Topologies and Simple Boost Topology

Table I gives comparison between the simple and the improved boost converter topologies in terms of voltage gain and
active switch voltage stress. The converters are designed to operate at 12 V-100 V with output power 40 W.
Simulation is done in open loop environment and from table it is concluded that the proposed converter 11 can obtain
the approximate equal value as required at low duty cycle compared to other topologies. Considering the table values,
it is clear that the improved topologies have a lower switch voltage stress and high voltage gain than the simple one.
This add-value gives the possibility of using switches of lower voltage ratings and lower on-state resistance.

Table 1: Comparison of Conventional & Proposed Converters

Converter Duty cycle Voltage Output Voltage stress output power
(%) gain current (Volt) (Watt)
(Volt) (Amp)
Boost converter 88 91.66 0.3666 92 33.60
Proposed converter | 78.57 97.08 0.3883 54.54 37.69
Proposed converter 11 72.72 99.46 0.3979 43.73 39.57
250 T
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Figure 21. Voltage gain comparison of conventional & proposed boost converters
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Conclusion

This paper has studied the performance analysis of conventional boost converter and proposed boost converters in
continuous conduction mode. The converters use the switched inductor technique, in which same amount of
inductance are charged & discharge in parallel during the switched-on & switched-off period respectively. Simulation
is done in Matlab/Simulink and results are presented which show that voltage stresses on the proposed converters are
less as compared to conventional boost converter. The graph between Voltage gain & duty ratio for the boost
converter and the proposed converters illustrates that, the proposed converter achieve high step up voltage gain.
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