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Abstract : With the lack of the energy and ever increasing of the crude prices, research on the renewable and
energy sources, especially the solar PV and the fuel cells, more important. How to get high step-up and high
efficiency DC/DC converters is the major consideration in the renewable power applications due to the low
voltage of PV arrays and fuel cells. In this work software simulation of closed loop controlled boost converter
for solar installation is described. Models for open loop and closed loop controlled systems are developed
using MATLAB/Simulink. The simulation results are compared with the theoretical results. This converter
has advantages like increased power factor, quick response and reduced hardware requirements.

1. INTRODUCTION

A wide usage of the fossil fuels, such as Crude oil, coal and Petroleum gases, results in serious greenhouse
effect which pollutes the atmosphere, and at the end effects significantly earth’s atmosphere. Also there is a
big contradiction between the fossil fuels supply and the global energy requirement, which leads to a hike in
oil prices in the international market. The energy crises and the atmospheric pollution are the major hurdles
for the human advancement. As all of us know that solar energy is most reliable renewable source. Therefore,
with the help of solar PV Arrays we can transform solar energy into DC Electrical Energy. PV Arrays cannot
provide a constant DC Voltage, we need a regulated DC supply for the satisfactorily consumption of electrical
energy. Output voltage regulation in the DC/DC converter is achieved by constantly adjusting the amount of
energy absorbed from the source and that injected into the load, which is in turn controlled by the relative
durations of the absorption and injection intervals.

Graphical model of the boost converter is shown in Fig. 1. The DC/DC boost converter only needs four
external components: Inductor, Electronic switch, Diode and output capacitor. The converter can therefore
operate in the two different modes depending on its energy storage capacity and the relative length of the
switching period. These two operating modes are known as the discontinuous conduction mode, DCM, and
continuous conduction mode, CCM, corresponding to the cases with and without an idling interval
respectively.

2. METHODOLOGY

The DC/DC converter has two modes, a Continuous Conduction Mode, CCM for efficient power conversion and Discontinuous
Conduction Mode DCM for low power or stand-by operation,

+

prOT

Fig. 1 Circuit Schematic of Step-up DC/DC Con\)erter.
2.1 Continuous Conduction Mode:
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Fig.2a.Equivalent Circuit for boost Converter in CCM
Mode 1 begins when IGBT's is switched on at t=0 and terminates at t=ton. The equivalent circuit for the mode
1 is shown in Fig. 2a. The inductor current iL(t) greater than zero and ramp up linearly. The inductor voltage
is Vi.
Mode 2 (ton<t<Ts)
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Fig.2b. Equivalent Circuit for boost Converter in CCM
Mode 2 begins when IGBT's is switched off at t=ton and terminates at t=Ts. The equivalent circuit for the
mode 2 is shown in Fig. 2b. The inductor current decrease until the IGBT's is turned on again during the next
cycle. The voltage across the inductor in this period is Vi-Vo. Since in steady state time integral of the
inductor voltage over one time period must be zero.

ViTon + (Vi = Vo) Tog (1)

Where,
V= the input voltage V,
V=the average output voltage V,
Ton= The switching on of the IGBT's, s
Toft = The switching off of the IGBT's, s
Dividing both sides by Ts and rearranging items yield

Vo Ts _ 1 )
Vs  Toff 1-D 2)

Where;

Ts =The switching period, s.

D =The duty cycle.
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Thus, Vo is inversely proportional to (1-D). it obvious that the duty cycle, D, can not be equal to 1 otherwise
there would be no energy transfer to the output. assuming a lossless circuit, Pi=Po, then

IiVi = IoVo
I
le—D (3)
i
Where;
lo = The average output current, Amp.
li = The average input current, Amp.

2.2 Selection of The Semiconductor Device:

The main switching element has been chosen to handle the worst case current and voltage stresses. The
maximum voltage stress on the switching device occurs when the PV output voltage is maximized, so:
Vmax, stress =Vpv, max

Where;

Vpv, max = is the maximum input voltage from PV array, Volt.

The maximum current stress occurs when system power is predominately provided by the PV. Therefore, the
peak current is

Ipeak = loutput + Iripple 4)

()

in max + Ax Pin max

P
Ipeak =
pv Vpv
Where;
Pin,max = Is the maximum output power from PV array which it is the input to boost converter.
A = Is the percentage of ripple current to load output current.

2.3 Selection of the inductor:

Large inductance values tend to increase the start-up time slightly while small inductance values allow the
coil current to ramp up to higher levels before the switch turns off. Inductors with a ferrite core or equivalent
are recommended. It should be ensured that the inductor’s saturation current rating for highest efficiency is to
be used a coil with low DC resistance. Boost inductance is selected based on the maximum allowed ripple
current at minimum duty cycle, D, at maximum input voltage, Vinput. Given that the switching frequency,
Fs, the boost inductor value may be optimally determined to set the converter operating mode in the required
load and line range.
For parts where no inductor range is given, the following equation is a good estimation for the right
_ Vin*(Vin—Vout) 6)
b Al *Fs*Vout

Where,
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VIN = typical input voltage

VOUT = desired output voltage

fS = minimum switching frequency of the converter
AIL = estimated inductor ripple current, see below

A good estimation for the inductor ripple current is 20% to 40% of the output current.

Al = (0.2 t0 0.4) * Loyema) * 1o

Where,
AIL = estimated inductor ripple current
IOUT(max) = maximum output current necessary in the application

2.4 Selection of the Diode:

The boost diode reverse voltage rating is limited to the output voltage. The diode conducts when the power
switch is in the “OFF” state and provides a current path for the inductor to the output. Similar to the IGBT's
the worst—case peak current through the diode occurs at low line input voltage and maximum load. Other
important considerations in selecting the diode besides its ability to block the required off—state voltage stress
and have sufficient peak and average current handling capability, is fast switching characteristics, low
reverse—recovery, and low forward voltage drop.

To reduce losses, Schottky diodes should be used. The forward current rating needed is equal to the maximum
output current:

If = Iout(max) ()

Where,

IF = average forward current of the rectifier diode

IOUT(max) = maximum output current necessary in the application

Schottky diodes have a much higher peak current rating than average rating. Therefore the higher peak current
in the system is not a problem.

The other parameter that has to be checked is the power dissipation of the diode. It has to handle:
Pp =1I¢* V¢ (8)

Where,

IF = average forward current of the diode

VF = forward voltage of the diode

2.5 Selection of the capacitance required:

The primary criterion for selecting the output filter capacitor is its capacitance and equivalent series resistance,
ESR. Since the capacitor’s ESR affects efficiency, low-ESR capacitors will be used for best performance. For
reducing ESR is also possible to connect few capacitors in parallel. The output filter capacitors are chosen to
meet an output voltage ripple specifications, as well as its ability to handle the required ripple current stress.
An approximate expression for the required capacitance as a function of ripple voltage requirement, AVo, D,
switching frequency, Fs and output voltage, Vo is given as

_ lout(max)* D
Cb = v, ©)
s*AVout

Where,

COUT(min) = minimum output capacitance

IOUT(max) = maximum output current of the application
D = duty cycle

fS = minimum switching frequency of the converter
AVOUT = desired output voltage ripple
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The ESR of the output capacitor adds some more ripple, given with the equation:
Iout(max Al
AVoy =ESR#* (2 4+ =1)  (10)

Where,

AVOUT(ESR) = additional output voltage ripple due to capacitors ESR
ESR = equivalent series resistance of the used output capacitor
IOUT(max) = maximum output current of the application

D = duty cycle

AIL = inductor ripple current

3. Simulation Result
Simulation is done using PSIM Simulink and the results are presented. The conventional boost converter is
shown in Fig.1 The simulation studies are performed in Simulink with the following specifications Vi=24V,
Vo=358V, C1 =22 uF,C2=1 uF L1 =45 pH, L»=0.5mH and RO = 50 ( (load resistance) using the model
given in Fig. 3(a). and the simulation waveforms of are shown
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Fig.3.(a) Simulink model of Close Loop System.
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Fig.3b.Input and driver pulse
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Fig.3c.Voltage across switch
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Fig.3d.Output Voltage
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Fig.3e.Output Current
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Conclusion:

This paper presents simulation of closed loop controlled boost converter system for high power system. PSIM
models for closed loop systems are developed using the blocks of simulink and the same are used for
simulation studies. The closed loop system is able to maintain constant voltage. This converter has advantages
like reduced hardware and good output voltage regulation. Thus the boost converter is capable of improving
the voltage level from 24 V to the required level.
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