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Abstract :

An open-loop control scheme of high level to low level DC-DC voltage signal buck
converter isimplemented in this paper. The parameters of the buck have been selected and
the mathematical calculations have been done to ensure the converter operates in
continuous conduction mode. The employed buck converter was represented by its states
space averaging technique and it was simulated by Matlab/ Simulink software package.
Thepureresistive load isillustrated and the resistance value has been changed to check the
performance of the open-loop model of the converter. The simulation is carried out and the
analysis of the simulation results showed that variation of load resistance gives significant
effect on the behavior of the converter model and affect the stability of the system.
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1. Introduction

The DC-DC converters are electrical circuits that used to transfer the electrical energy
from a DC voltage source to a load and regulate the output voltage. These converters have
been widely employed in the power supply equipment for most electronic systems to regulate
the output voltage against the changes of the input voltage and load current . The most
commonly used converter is the buck, which is used to convert a DC input voltage to a lower
DC output voltage with the same polarity. The name “Buck™ or step-down voltage regul ator
presumably provides non-isolated, switch-mode DC-DC conversion with the advantages of
simplicity and low cost %,

One of the step-down regulator topology, the buck converter employs a square-wave
pulse width modulation (PWM) control signal, and Power transistor (MOSFET) as
controllable switch to achieve voltage regulation. The output voltage is regulated by varying
the duty cycle of the power MOSFET driving signal. The mode of operation of the converter
issimply varied from switch (ON) to (OFF) state and the Kirchhoff’s law is applied to obtain
the differential equation of each state of the converter Bl The state Space averaging technique
is used to model the DC-DC converter in each switched configuration mode with the help of
Matlab/Simulink as a tool for simulation.Conceptualy, the simulation programs devel oped
for the study of converters in open loop control were sufficient to establish the genera
behavior of the system and make the design of the circuit possible [,

To obtain high performance control of buck converter, the load is often the most
variable part of the converter model. If the load current and the output voltage are measured,
then there are possibilities to obtain a good model of the converter 51 The main objective of
this work is to utilize the open loop scheme of DC-DC idea buck converter in continuous
conduction mode with using different values of the resistive load so that the effect of load
variations at the outputs of the converter can be analyzed.

This paper is organized as follows; the proposed and Mathematical modeling of DC-DC
buck converter is given in sections 2 and 3 respectively. Section 4 describes the
implementation of MATLAB /Simulink environment including the simulation results and the
concluding remarks are given in section 5.

2. The Buck Converter Model

The proposed buck converter with ideal switching devicesis considered. it is essentially
consists of a power MOSFET , afreewheeling diode, an inductor (L), afilter capacitor(C) and
resistive load as shown in Figure (1). The switching network composed of the transistor and
the diode ‘chops’ the dc input voltage (Vin) and therefore the converter is often called a
‘chopper’, which produces a reduced average voltage ™.
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Fig. (1) the Schematic Diagram of the Proposed DC-DC Buck Converter.

The buck converter uses a MOSFET as a sw tch by applying a
pulse width modulating signal to its gate and varying its (ON) and (OFF) times. The ratio of
(ON) time to switching period is the duty cycle (D). The buck converter can operate in two
mode namely as a continuous conduction mode (CCM) and a discontinuous conduction mode
(DCM), depending on the waveform of the inductor current. In (CCM) the inductor current
flows continuously during the entire cycle, whereas in DCM the inductor current flows only
during part of the cycle and it falls to zero '®l. According to the switching signal operation
there is two equivalents circuit states per switching cycle, The first sub-circuit state is when
the switch is turned on, diode is reverse biased and inductor current flows through the switch
as shown in Figure (2a). The second sub-circuit state is when the switch is turned off and
current freewheels through the diode as shown in Figure (2b) .
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Fig. (2) the Buck Converter Sub-Circuits a-(ON) State. b-(OFF) State.

Applying Kirchoff’s current law (KCL) and Kirchoff’s voltage law (KVL) in the circuits
of Figure (2) 1B,
The output equations for the (ON) period are

d
Ty ®
iL+V—|§+cd¥c 0 e e @)
Vy SV, - c ol 3

By dividing both sides of equation (1) by (L) and equation (2) by (C), then
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= i e e ©)
The output equations for the (OFF) period are

di V,

= (6)

e ) e ™

Where
iL iscurrent through the inductor.
V¢ is voltage across the capacitor.
Vin is DC input voltage

3. Mathematical Model of DC-DC Buck Converter

For mathematical modelling, the buck converter in the continuous conduction mode
operation acts as a time-invariant system when the MOSFET is (ON), while it acts as another
time-invariant system when the device is (OFF). .It is deemed as a variable structure system
and the circuit topology changes in accordance with the switching action of the
semiconductor device .Consequently, the converter can be modeled as a time-variant system
and the state-space averaging technique is one method to approximate this time-variant
system with alinear continuous-time invariant system .

The circuit of the buck converter is redrawn as in Figure (3) for obtaining the state
equations with the control input (u) of the converter. The control input u, representing the
switch position function, taking values in the set {0, 1}.The capacitor voltage (V) and the
inductor current (i) and can be defined as the state vector x;, X, respectively. The duration of
the (ON) stateis [Ton =DTg], while the duration of the (OFF) stateis [Torr = (1-D) Tg] where
(D) is the duty cycle expressed as a ratio of the switch (ON) time to the time of one complete
switching cycle (Ts)!® 17,
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Fig. (3) The Ideal Switch Representation of the Open-Loop DC-DC Buck

Converter.
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Hence, the buck converter can be represented by two piecewise-linear vector differentia
equations.

DUing(Tyy)  XSAXHB == - - oo oo oo ©)
DUNNg(Tose) X=AX+B, = - - o oo o oo oo oo (20)
Where

X =[x %] " = [VciL]" isthe state vector

A representation of the buck converter through a single equivalent dynamic equation can
be obtained via combining equations (9) and (10) as given below !

X=(Ax+BU+(AX+B)A-U) -------cccmmmom oo 12)

X= AX+B, +(A- A)XUH(B - BJU- - === - s s e (12)

Since (u=1) during Toy and (u = 0) during Torr, (A) and (B) are the system matrices and

20 % ﬂ Vi U &0
ATATG af BTeru B g
eC RCH
Then expression (12) becomes
X=AX+BU------ - oo oo e 13

Assuming constant frequency operation, the discrete variable (u) is substituted by a
continuous variable d (t) which can take all the values between 0 and 1. Therefore, equation
(13) becomes

X= AXHBA(R) = = = == wmm s s e (14)

Therefore the equations from (4) to (7) can be written in the following state space form to
represent the ideal buck converter:

edi o & -1u e d(tu
Cat U_¢€ L lilél_g e L a
é . u=é g, g*ea I I I I 15
edVeq el -1uden 5
Bdt 0 6C RCH el 1
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4. Simulation

The ideal buck converter has been ssmulated and modelled using its state space dynamic
equations to create an open loop MATLAB/Simulink model. The input voltage (Vin), duty
cycle (D) and various values of load resistor (R) have been employed as an input to the buck
model. Whereas, the outputs of the model are the voltage across the load (Vou), inductor
current (i,) and load current (1o as shown in Figure (4) .
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Fig. (4) the Proposed Open-Loop Simulink Model of Ideal Buck Converter

The simulation of the proposed simulink model of the buck is carried out under fixed
duty ratio where the inductor and capacitor are modeled as ideal elements. To ensure reliable
operation in continuous conduction mode, a minimum value of inductor is calculated, the
value of resistive load is varied and the switching frequency (fs) is set to 100 kHz, the
parameters of the buck are listed in table (1).

Table (1) The Parameters of the Buck Converters

100kHz

100kHz
100kHz

In this model the duty cycle is used to calculate the desired value of signa level
control and the pulse width modulating signal is generated by comparing asignal level control
with a repetitive waveform at constant frequency as shown in Figure (5).Running the open
loop simulink model of the buck converter, the ssmulation results of the output voltage, output
current and inductor current for different values of load resistance are displayed in Figures
(6), (7) & (8) respectively. In the steady state regime, the mean value results are listed in
Table (2).
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Fig. (5) the Voltage Control Signal of The Buck Converter.

Running the open loop simulink model of the buck converter , the simulation results of
the output voltage, output current and inductor current for different values of load resistance

are displayed in Figures (6),(7)& (8) respectively .In the steady state regime, the mean value
results are listed in Table (2).

Fig. (6) the Waveforms of Output Voltages.
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Fig. (7) the Waveforms of Output Currents.

Fig. (8) the Waveforms of Inductor Currents.

94



Journal of Engineering and Development, Vol. 17, No.6, December 2013, ISSN 1813- 7822

Table (2) The Mean Value of the Output Voltage (Vout), Inductor Current (1),
Output Current (lout) and Input Voltage (Vin) of the employed Buck Converter.

Based on the inductor current waveforms shown in Figure (8), the following calculations
can be made

1
\Y/ = (12- 6)" 0.5 10" 10°=0.3A
(\/In ) OO 06( )
Out:\ézizle
R 05

The average value of the inductor current (1) isequal with the output current (1oy), then

i (max) =1, +D'7_12+%3_12 15A

i (min)=1, - D'7 12- %’_11 85A

Where

IL (max) =the maximum values of inductor current.
iL (min) =the minimum value of inductor current.
Ai_=theripple of inductor current.

It can be noticed from Figure (6) under test condition(R=0.5Q),the output voltage
response has settling time approximately (0.84 ms) with rise time (3.037) us and it attends
steady state value of 6 V which is expected output from this application. By changing the
value of resistance load, it has been seen that as load resistance increase, the output overshoot
is being too large and the settling time increase.ln comparison, there is a difference of
transient response is observed between steps 1, 2 and 3. It shows that the variation in the load
resistance significantly affects the output voltage and inductor current response. The transient
analysis leads to unsatisfactory response is obtained by increasing the value of load resistance.
The step response performance parameters of the output voltage results after smulation are
givenin Table (3)

Table (3)
The Output Voltage Response Parameters of the Buck Converter

L oad resistance Over shoot (%) Settling time (ms) Risetime
Q S
0.5 1.043 0.840 3.037
1 1.305 1.543 1.970
15 1.466 2.221 1.757
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5. Conclusion

The open loop model of the DC/DC ideal buck converter was employed to step down
the input voltage (12V) and to gain a regulated output voltage equa to (6V) at selected
resistive load. The simulation has been done using Matlab tool at fixed switching frequency
and constant duty cycle to predict the performance of this model. The simulation results show
the voltage reaches the expected output value at the end of the simulation process and the
load, inductor currents are varied by changing the resistance of the load. It can be observed
the ssimulation result conform the calculation results and the variation of load resistance will
affect the stability of the system. As concluding remark, a suitable controller is needed to
improve the dynamic performance and to achieve a satisfactory output value.

6. References

1. Pop, O.A &.Lungu, S." Modeling of DC-DC Converters, Matlab - Modeling,
Programming and Simulations', Emilson Pereira Leite (Ed.), pp (125-150), | SBN:
978-953-307-125-1, (2010).

2. Muhammad S. Rahman ," Buck Converter Design Issues', Master thesis performed
in division of Electronic Devices, Department of Electrical Engineering, Linkoping
Institute of Technology, pp(1-45),ThesisNo: LiTH-ISY-EX--06/3854SE, (2007).

3. Marian K. Kazimierczuk," Pulse-Width Modulated DC-DC Power Converters ",
pp (23-50), John Wiley and Sons Ltd. Publication, (2008).

4. Geethanjali, P., Vijaya Priya, P., Kowsalya, M., Raju, J.," Design and Simulation of
Digital PID Controller for Open loop and Closed Loop Control of Buck
Converter”, International Journal of Computer Science and Technology (IJCST)
Vol.1, pp (202-206), | SSN: 2229 - 4333 (Print), | SSN: 0976-8491(Online), (2010).

5. Mousumi Biswal ," Control Techniques for DC-DC Buck Converter with Improved
Performance", a thesis submitted in partial fulfillment of the requirements for the
degree of master of technology in electrical engineering,Department of Electrical
Engineering ,National Institute of Technology, Rourkela, pp(17-45) ,(2011).

6. Bengt Johansson,”" DC-DC Converters, Dynamic Model Design and Experimental
Verification", Doctoral Dissertation in Industrial Automation, Department of
Industrial Electrical Engineering and Automation, Lund University, pp (19-28) ,
(2004).

7. Angel Cid-Pastor, Corinne Alonso, Jose F. Cugat-Curto," Design of Feedback Laws
for DC-TO-AC Conversion in Photovoltaic Systems', Journa of Advanced Motion
Control, |EEE Publisher, pp (93-98), ISBN: 07803830, (2004).

8. Dragan Maksovic, " Introduction to Modelling of Switched Mode Power Converters
Using MATLAB and Simulink™ , Supplementary Notes, Colorado Power Electronics
Centre, ECEN5807 DM, pp (1-10), (2012).

96



