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ABSTRACT

The aim of this paper is to model and design an open-loop and close-loop asynchronous Buck switching converter for
mobile applications. The design of the converter is performed to step-down the input voltage 12V to an output voltage
of 5V and current of 2A. The converter performance such as load voltage, capacitor and inductor currents, voltages
and currents ripples, etc. are derived under continuous and discontinues operation. The Matlab/Simulink program is
used to simulate the converter operation and the waveforms of circuit parameters are carried out. Due to changes in
the supply voltage or circuit parameters, there is deviation of the circuit operation from the desired nominal
performance. So a close-loop PID controller is designed such that any input variations produce a constant desired
output voltage and current.
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INTRODUCTION

List of Symbols

A : Peak-to-peak ripple

C : Capacitor

D : Duty cycle

fs : Switching frequency

L and Lc : Inductor and critical inductor

la : Average current passing through load

Ic, and I . Average current passing through capacitor and inductor respectively.
R : Load resistor

ton and toff : Transistor ON and OFF status time period
Va : Average output voltage

V¢ : Capacitor voltage

Vs : Supply dc voltage

INTRODUCTION

DC/DC switching converters form the essential part of different portable electronic devices like cellular phones,
laptops, MP3 players which are using batteries as their power supply. Between the most simplest and useful switching
converter is the voltage steps down which called asynchronous Buck converter.

The most common and most effective method used is that of Buck converters which used to step down the voltage
supply from a higher level to a lower level The analysis and design of power electronics converters presents significant
challenges. These may be alleviated by using modeling and simulation of converters and their associated control
structures, which help the design engineer better understand converter operation [1].

In the last few years many Buck converters are proposed for the renewable energy systems [2-6].In high performance
converter, the output voltage can be regulated by using voltage mode pulse width modulation (PWM) method with
one feedback loop. One widely adaptive feedback control loop is the proportional integral derivatives (P1D) controller.
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In this paper the open-loop and close-loop asynchronous Buck converter used to step down the input voltage of 12 VV
to 5V, 2 Ais designed and simulated.

MODELING OF ASYNCHRONOUS BUCK SWITCHING CONVERTER
The basic buck converter using a power MOSFET transistor is shown in Fig.(1). In the buck converter, the average
output voltage (Va) is lower than its input voltage (Vs) . The duty cycle (D) is given by :
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Figure (1) Circuit schematic of asynchronous buck converter

Depending on the continuity of the current flowing through the output inductor, the buck converter can be operated
either in the continuous mode or discontinuous mode.

(a) Model(0<t Ston)

At the beginning of a switching cycle (‘att = 0 ) during mode 1, the switching transistor , Qs, is switched on . The
equivalent circuit for mode 1 is shown in Fig.( 2) . Since the input voltage (Vs) is greater than the average output
voltage (Va), the current in the inductor, I.(t), ramps upward during this interval . The duration of mode 1 is:

LAl
on VS _Va

Thus, mode 1 is characterized by inductor charging and the storage of electrical energy in magnetic from in the
inductor.
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Figure (2) Mode 1 equivalent circuit for the buck converter (0 <t < ton)
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(b) Mode 2 (ton<t ST)

Mode 2 begins when the switching transistor (Qs) is switched off at t = ton. Its equivalent circuit is shown in Fig.
(3).The inductor current decreases as the energy stored in the inductor is expended by the load. The voltage across the
inductor, V(1) , is now — V4 , and the inductor current decreases linearly from I to I3 in time tos.
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Figure (3) Mode 2 equivalent circuit for the buck converter (ton <t = T)
The switching period , T, is the sum of to, and tofr :
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The peak-to-peak capacitor ripple voltage is given by:

po = l-D) 1 vbe-p) ©
fL (8fC) B8LCf?

Fig.(4) illustrate the currents and voltages waveforms of continuous mode operation ( i. e. Modeland Mode2 ) [7,8].
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Figure (4) Asynchronous Buck converter equivalent switching waveforms

The efficiency of the buck converter can be calculated in terms of conduction losses in the switching transistor (Qs)
and the freewheeling diode (Dfw) and given by :

— POUI — Va (6)
n P P YRY (t /T) v (1 . /T) ...............
out T Floss a TVeesat\lon + Dy - ‘on
http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology

[774]


http://www.ijesrt.com/

[Abdulsada*, 4.(10): October, 2015] ISSN: 2277-9655
(I20R), Publication Impact Factor: 3.785

Vv
Where: Veesat IS the saturated collector-to-emitter voltage of the switching transistor dring its ON state and Pi s the
voltage drop of freewheeling diode.

(¢ ) Discontinuous Mode

The value of L for which 1.=0 at one and only one point per cycle is defined as the critical inductance (Lc). Fig.(5)
shows the equivalent circuits for the buck switching converter and Fig.(6) shows the inductor current in discontinuous
mode.

The critical inductor, L, is given by:
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Figure(5) Discontinuons equivalent circuits for the buck converter
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Figure(6) Discontinuous mode inductor current waveform

DESIGN OF 12V/5V, 2A SWITCHING CONVERTER

The design of the converter is performed to step-down the input voltage of 12V to an output voltage of 5V, 2A which
is suitable as mobile charging application. The required parameters for the design of the Buck converter are shown in
Table (1).

Table (1) Required parameters for the design of the Buck converter

Input voltage (Vs) 12V
Output voltage (Va) 5V
Load current (la) 2A
Switching frequency (fs) 400 KHz
Output voltage ripple (AVo) <0.05V
Converter efficiency (1) > 92 %

The inductor ripple current (Al) is usually taken as 30% of the load current. By using of Eq.s(1),( 3), (4), (5) and (7)
with a 2.5 Q load resistor the converter elements are calculated and tabulated in Table (2).

The converter is operates in the continuous mode because the inductor value is greater than the critical inductor.

The forward voltage drop for the diode is about 0.4 volts at the peak current of 2 A and the saturated collector-to-
emitter voltage of the switching transistor is about 0.35. By using Eq.(2) and Eq.(6) the converter efficiency is found
to be 93%.

Table (2) Buck converter required elements

Converter elements Values
Duty cycle (D) 41.6 %
Inductor ripple current (Al) 0.6 A
Inductor (L) 13.125 pH
Capacitor (C) 25 puf
Critical inductor (L) 1.72 yH

MATLAB/SIMULINK SIMULATION RESULTS
A Matlab/Simulink simulation program is used to simulate the considered asynchronous Buck switching converter.
Fig.(7) shows the Matlab\Simulink model of the asynchronous Buck switching converter.
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Figure (7) Model of open-loop asynchronous Buck switching converter

Fig.(8) shows the simulation waveforms of the input voltage of 12 V, pulse width modulation (PWM) voltage and the
output voltage.
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Figure (8) Simulation waveforms of the input voltage, pulse width modulation voltage and the diode voltage

Fig.(9) shows expand view of the waveforms of current passing through inductor, diode, input and capacitor. The
input inductor current is under damped with maximum value of 4.2A and minimum value of 0.6A with a ripple current
of 3.6A and therefore the percentage error with the theoretical results are very small.
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Figure (9) Expand view of currents of the inductor, diode, input and capacitor

As shown in Fig.(10), the response of the output voltage is under damped and reaches its steady — state voltage of
4.457 V compared with the theoretical of 5 V in about 0.6 ms . The simulated output ripple voltage is very small and
less than 0.05 V. It can be noted that the output current reaches its steady state value of 1.785 A compared with the
theoretical of 2 A and it has a very small ripple.

Figure (10) Simulation waveforms of the output voltage and output current

To simulate the change in operating condition, let the input voltage is stepped up to 15 V at time instant 1 ms. As
shown in Fig.(11) the output voltage is increased to 5.686 V and the corresponding output current is 2.274 A. Therefore
the open-loop converter does not satisfy the desired requirement and a close-loop PID control design is required.
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Figure (10) Open-loop simulation waveforms of the output voltage and output current when the input voltage is
changed

PROPORTIONAL INTEGRAL DERIVATIVES (PID) CONTROLLER
A PID controller is feedback loop control system which corrects the error between a measured process value and a
desired value and adjusts the process as required.

Based on the voltage error signal the PID controller generate the required duty cycle supplied to the MOSFET. The
P, I, and D parameters can be tuned to give the required design. The Simulink model of close-loop Buck converter
is shown in Fig.(11).The P, I and D values are set to 0.2, 0.2 and 0.5 respectively.

—blo L~

Mastet $ 13 It



http://www.ijesrt.com/

[Abdulsada*, 4.(10): October, 2015] ISSN: 2277-9655
(I20R), Publication Impact Factor: 3.785

The error signal, PID output signal and the PWM signal are shown in Fig.(12). The response of the output voltage and
output current is obtained as shown in Fig.(13) which show that the PID controller maintains the required output

voltage of 5 V and the output current of 2 A.

(b)
Figure (12) (a)The error signal, PID output signal and the PWM signal (b) expand waveforms of (a)
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Figure (13) close-loop simulation waveforms of the output voltage and output current when the input voltage is
changed

CONCLUSION

In this paper, the modeling and design of open-loop and close-loop of 12V/5V with 2 A output current Buck switching
converter is presented. The converter performance are analyzed and derived theoretically under continuous and
discontinuous operation. Matlab\Simulink program is used to simulate the switching converter using a very high speed
MOSFET as a switch with 400 KHZ switching frequency. The desired output performance of open-loop converter is
not satisfied under the change of supply voltage; therefore a close-loop PID controller is designed and simulated. The
results show that the PID controller maintains the required output voltage of 5 V and the output current of 2 A.
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