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Abstract

Modern electronic systems require t-quality, small, lightweight, reliable, and efficiepower supplies. So tt
DC/DC converters are widely used in many industrial aledtdcal systems. As DC/DC converters are nonlil
and timevariant systems, the application of linear contamhniques for the control of these converters rant
suitable. In this paper, a new stidimode controller is proposed as the indirectrobmbethod and compared tc
simple direct control method in order to contrdback converter. The simulation results are presefde a stef
change in reference voltage and input voltage dsaseste| load variations. The simulations results of projok
method are compared with the conventional PID atlet The results show the good performance ofpttoposec
sliding mode controller. The proposed method candsal for the other DC/DC conver
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Introduction

Modern electronic systems require t-quality,
small, lightweight, reliable, and efficient pow
supplies. So the DC/DC converters are widely use
many industrial and electrical systems. The n
familiar are switching power supplies, DC driv
photowltaic systems and Fuel cell. Design
controller for these converters is a major condar
power converters design [1-3].

Different control techniques are applied to reg
the DCDC Converters, especially buck convert:
in order to obtain a robusutput voltage [-5].

As DC/DC converters are nonlinear and i-variant
systems, the application of linear control techag
for the control of these converters are not suitalv
order to design of a linear control system us
classical linear combl techniques, the small sigr
model is derived by the linearization around a js&
operating point from the state space average n
[4]. The controllers based on these techniques
simple to implement however, it is difficult

account the variain of system parameters, beca
of the dependence of small signal model param
on the converter operating point [6].

Sliding mode control is a weknown discontinuou
feedback control technigue which has b
exhaustively explored in many books ajournal
articles. The technique is naturally suited for
regulation of switched controlled systems, suct
power electronics devices, in general, and DC
power converters, in particular [2]. Many slidi
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mode controllers have been proposed and for
DC/DC converters [®]. These controllers are dire
[6] or indirect control method -7]. The direct
method is proposed in [6]. In [7] the output capac
current of DC/DC converter is used to control
output voltage. The difference of the DC/loutput
voltage and the reference voltage enter
proportionalintegrator (PI) type controller and th
the output capacitor current of DC/DC converte
decreased from the output of controller [8]. ~
output voltage and inductor current are usec
cortrol of DC/DC converter in [9]. These referen:
[6-9] have not completely investigated the load
line as well as reference regulatio

In this paper, a new sliding mode controller
introduced for DC/DC buck converter as the indil
control methodThe proposed controller is compal
with a simple direct control method as well as
conventional PID controller. The simulation resi
are presented for a step change in reference &
and input voltage as well as for a step load viaria
The man contributions of this paper are presenta
of a new indirect sliding mode controller with gc
accuracy and performance against to load and s
well as reference regulations.

Dc/Dc Converters
The dcdc converters can be divided into two m
types: 1- hardwitching pulse width modulate
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(PWM) converters, and 2- resonant and soft-
switching converters [1].

Advantages of PWM converters include low
component count, high efficiency, constant freqyenc
operation, relatively simple control and commercial
availability of integrated circuit controllers, and
ability to achieve high conversion ratios for both
step-down and step-up applications.

The circuit diagram of the DC/DC buck converter is
shown in Fig. 1. In this figure, the circuit schdinds
depicted with the transistor-diode symbols.
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Figure 1. Semiconductor realization of the DC/DC buck
converter.

By sensing of the DC output and controlling of the
switch duty cycle in a negative-feedback loop, the
DC output voltage could be regulated against input
line and output load changes [3].

The State-Space Model of Buck Converter

To obtain the differential equations describing the
buck converter, the ideal topology is used as shown
in Fig. 2. The differential equations of describihg
DC/DC buck converter dynamics are obtained
through the direct application of Kirchoff's curten
and Kirchoff's voltage laws for each one of the
possible circuit topologies arising from the assdme
particular switch position function value. Thus,esnh
the switch position function exhibits the value U =
we obtain the topology corresponding to the non-
conducting mode for the diode is obtained.
Alternatively, when the switch position exhibitseth
value u = 0, the second possible circuit topology
corresponding to the conducting mode for the diode
is obtained.
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Figure 2.1deal switch representation of the DC/DC buck
converter.
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The system dynamics are described by the following
differential equations:
For u=1:
di
L—=-v+E
dt

For u=0:

di
L—=-v
dt
3)

dv . v
C—=i—-——(@®

dt R
By comparing the obtained particular dynamic
systems descriptions, the following unified dynamic
system model can be obtained as:

di

L— =-v+uE
dt

(5)

Cﬂ =i-Y (6)
dt R

Sliding Mode Controller Design

In these section two methods is presented in daler
control the output voltage of a DC/DC Buck
converter. These methods are direct and indirect
sliding mode control.

Direct control based on the output voltage feedback
which the output voltage (Yis directly compared to
the reference voltage (V

Sliding surface:

s=V, -V, @)

Indirect control based on the inductor current cant
satisfying desired output voltage JVIn this method
because of the possible load variation, at firg th
output impedance (Ris determined by dividing the
output voltage by the output current and then the
desired load current,() is calculated by dividing the
reference voltage by the output impedancg).(Ry
adding a coefficient of capacitor current (k) tg the
desired inductor current {l is determined. So the
sliding surface is defined by comparison between
actual indirect current jland |.as the following:

Sliding surface:
s=l, -1, 8)
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Simulation of DC/DC Converter With

Sliding Mode Control

In order to investigate the proposed contrc
performance andaccuracy, MATLAB/SIMULINK
and its facilities is used.

Simulations are performed on a typical bi
converter with the following parameter valt

E= 10V, L=1mH, C=2200uF, R=23.

Figs. 34 show the SIMULINK block diagram ¢
direct and indirect sliding med control of the
proposed buck converter, respectiv
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Figure 3. SIMULINK block diagram of direct diding
mode control
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Figure4. SIMULINK block diagram of indirect sliding
mode control

Results and Discussions

For the evaluation and validation the proposed
controller accuracy and performance, simula
results are presented in two subsect

A. Analysis of the proposed sliding mode contra
and determine the best sliding mode contrc
response.

B. Comparison of the proposed sliding me
controller with the conventional PID controll

A. Simulation Results of the Proposed Sliding
Mode Controller
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Figs. 56 show the output voltage during a chang
reference voltage from V=5 to V=7 at t=0.05 se:
direct and indirect control method, respvely. Fig.
6 is plotted respect to different values of k, vehkeris
capacitor current coefficient. Fig. 7 indicatesamm
window about the output voltage variati
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Figure 5. The DC/DC output voltage for a step change
in reference voltagein direct control method.
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Figure 6. The DC/DC output voltage for a step change
in reference voltage respect to different valuesof k in
indirect control method.

-

Output Voltage(t)
m [aa] [aa] o o o o
N I L I

m
]

—— k=05 |4
----- k=0.5
---------- k=0.4 |

5

0043 005 0051 0.052 0.053 0.054 0.055 0056 0.057 0.058 0.059
time(sec)

Figure 7. The DC/DC output voltage variation about
reference variation time
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In order to evaluate the robustness of sliding
mode control, the load is changed fronf21to
0.5Q at t=0.05 sec. The results are indicated in
Figs. 8-9 for direct and indirect control method,
respectively. Fig. 9 is plotted respect to différen
values of k. Fig. 10 indicate a zoom window
about the output voltage variation.
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Figure 8. The DC/DC output Voltage for step L oad
variation in direct control method.
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Figure 9. The DC/DC output Voltage for step L oad
variation respect to different values of k in indirect
control method.

Figs. 11-12 show the input voltage regulation,
which the line voltage changes from E=10 to
E=20 in t=0.05 sec. Fig. 12 is plotted respect to
different values of k. Fig. 13 indicates a zoom
window about the output voltage variation.
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Figure 10. The DC/DC output voltage variation about
step Load variation time.

These results (Figs. 5-11) show that the direct
control method has not a good performance. In
the other hand indirect control performance is
good but it is related on the K value. By the
selection of suitable value of K, the indirect
method performance is very good. The results
show that the best performance is obtained for
k=0.5.
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Figure 11. The DC/DC output voltage variation for a
step changein Line voltage.
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Figure 12. The DC/DC output voltage variation for a
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step changein Line voltage respect to different values of ‘ ‘ ‘ ‘ ‘ T [T et oo s
k in indirect control method. 7t /# .
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Figure 14. The DC/DC output voltage variation with a
step changein reference voltage.
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Figure 13. The DC/DC output voltage variation about ‘ ‘ ‘ ‘ T rraron o o0E
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linevariation time.

B. Comparison of the Proposed Sliding mode
and PID Controller

For the validation of the proposed sliding mode
controller, the best simulated result compares T
with conventional PID controller.
The best result is one the wave forms of indirect = o s % o

sliding mode  control with capacitor current Figure 15. The DC/DC output voltage variation about

CoefﬁCien_t (k) qual t0 0.5. reference voltage variation time.
The non-interacting structure of PID controller

is used. This describes by the following T e
equation: ]

Gpip =k, 1+S—#+ sT,

(9) :

Where kis proportional gain andT;, T, are

integrator and derivative time constants,
respectively. Figure 16. The DC/DC output voltage variation with a
The simulation results of comparison between step changein load
the proposed sliding mode controller and PID
controller are indicated in Figs. 14-19.
Figs. 14-15 show the output voltage of buck = N
converter with sliding mode and PID controller i AN
with a step change in reference voltage from 5V Y
to 7V at t=0.05 sec. Fig. 15 indicates a zoom \\ I
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Output Valtage

——— Siding Mods Controllsr with k=05
0 Controler

window about the output voltage variation.
Finally the load resistance is changed fromf 1 g
to 0.5 Q at t=0.05 sec. The output voltage -
variation is indicated in Fig.16. Fig. 17 indicates T

a ?OPm window about the output voltage Figure 17. The DC/DC output voltage variation about
variation. load variation time.
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Conclusions

In this paper a new indirect sliding mode contnrolle
for DC/DC converters is presented. The results of
analysis and simulation of proposed method is
compared by direct sliding mode as well as
conventional PID controller. The main conclusions
are:

-The proposed indirect sliding mode controller has
more good performance as compared with direct
sliding mode as well as PID control.

-The performance of the proposed sliding mode
controller is related on suitable selection of its
parameter (k).

-The proposed controller is robust to load and éine
well as reference variations.

-The propose controller can be used to every DC/DC
converters.
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