THOMSOMN REUTERS
ISSN: 2277-9655
[IDSTM-18] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

=+ 1JESRT

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY
DC-DC BOOST CONVERTER USING ADAPTIVE SLIDING MODE CONTROL
Rohit Kumar Gupta', Sandeep Khantwal?, Ajay Chhillar®
*Assistant professor ECE Department, SET, Ganga Technical Campus, soldha (Haryana)
L3 Assistant Professor EE Department, SET Ganga Technical Campus soldha (Haryana)

ABSTRACT
This paper describes a non-linear adaptive controller using sliding mode control (SMC) technique based on
system non-linear model. The proposed controller asymptotically stable and it can control the system without
knowing any initial conditions. It has also the ability to adjust itself to make suitable with changing of upper
bounds of uncertainty. The proposed controller is also noise insensitive.
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l. INTRODUCTION

Sliding-mode controllers (SMCs) most widely used for DC-DC converters due to the factor of their inherent
nature of variable structure [1]. The sliding mode controlis a famous strategy for controlling of nonlinear
uncertain systems having a very large frame of applications fields [12]. However with the use of the
discontinuous function, its main concern are the closed-loop system robustness and the finite-time convergence.
SMCs may be depend on hysteresis modulation, or delta modulation [7]. A limitation of this method is the
variation in switching frequency of operation. To eliminate the problem, extra hardware may be added to assure
a constant switching frequency. A key solution is the use of an identical control (derived using sliding-mode-
control methods) to modulate a pulse-width modulator (PWM), and in this the controller operates like a
traditional duty cycle controller with a constant switching frequency [7].

When constant resistive loads and their values are unknown or completely uncertain as is the case in various
practical conditions one may have to utilize adaptive controllers. In [14], a passivity-depend adaptive controller
is implemented to handle with dc—dc converters with an unknown load resistance. In [15], back stepping
technique is used in an adaptive SMC for the boost converter having unknown load resistance. In both studies
[14], [15], the external input voltage must be known for the design of the controllers. In this paper, a PWM-
based adaptive SMC is design for the boost converter with an unknown load resistance and external input
voltage. The adaptive controller is implemented by using state estimators which guarantees that, in sliding
mode, the closed-loop systems are asymptotically stable. However, the estimation for the load resistance and
input voltage leads to their true values. Experimental results show that the output voltage tracks the reference
voltage with very less variations in input-voltage and large resistance step variations i.e., the output voltage
steady-state error is very low, and there is no requirement to add a voltage error integration term to the sliding
surfaces done in sliding-mode control. The design techniques for the adaptive controller can be easily enhanced
to buck and buck-boost converters.

The structure of this paper is as introduced In Section |1, an adaptive SMC is implemented and experimental
results are shown. Section 11 is the conclusion.

Il.  BOOST CONVERTER
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Fig.1 Boost converter

A basic boost converter is given in Fig. 1. Under continuous mode of conduction, the averaged model of the
converter is

_Zd=d),  Vin
L L
. 1-d 1 1
=D - )

Where the state variable x1 indicates the average inductor current iL, and x2 indicates the average capacitor
voltage vo. The componentsL, C, and Rindicates the inductor, capacitor and load resistor, respectively. We
should point here that Rand the external input voltage Vin are unknown. The control input d to the converter is
considered as the duty ratio function.

A. Estimator-Based Adaptation Law Design

Let X;and X,are accessible and andy ,,are estimates of @ andV, respectively.
X X, Vin R

X = _(1_d)f+T+ Ky (% —X,)

; X, 0
R ,=0-d)=2——=x,+K,(x, - X )
= (-d) 2o XK (= %,)
Where K;>0 and K,>0 are known as observer gain and )A(1 and X, are considered asthe estimates of X;and X,

respectively.Let,)~(l: Xl—)A(land )~(2=X2—)A(2 then by using the given above equation (1) and (2)
followingEquation can be obtained as:

: %, V.
% =-(1—d)22+-0_K K
X =—( )L+L 1%

~ X 0 ~
x2=(1—d)f—6x2—K2x2 ®)
To produce the adaption laws, we consider the followingquadratic Lyapunov function as follows
V:lL>‘<1+1C>;<§+i6’~2+i\/~in2 4
27027 2y 2y,
Where y,>0and y ,> Oare considered as design parameters. Its time derivative along the solutions is given by:
V = —K L% — K,C% —H{XZ)N(Z +ié}+\7m {xl—iv‘m} ®)
71 V2
The adaptation laws are executed by canceling the terms in brackets which are given as:
0 =—y,%,%, (6)
Vin = 7/2)?1 (7)
With the adaptation laws of (6) and (7), we have
V = —KlL)?l2 — KZC)'ZZ2 (8)

By using the lasalle invariant principle, we can assume that X, =0 and %, = 0asymptotically.
Adaptive Sliding mode controller design
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We conclude the following switching surface:
=% 5 ©
Where Vref is referred as the desired output voltage. With the help of the invariance condition, the identical
control is derived using differentiating o with respect to time and settingg =0 . Using (2), (3), (4), and (9), the
equivalent control is as follows:
2 2 A~
5 o Ve o o 7LV 0%
Vin + K LK + Tre XX + VA*':)
d =1— in in
eq

A

X2
For sliding mode to locally exist [16], oo"<0 must hold, resulting
0 <deg<1

R LV 2 LV 2 0%
0<(V, + K1L>~<1+7/1\77refx2>~<2 +w) <X,

in in

The initial conditions of the observer is"x1(0) and "x2(0) and the initial conditions of the adaptation laws is"6(0)
and " Vin(0) can be implemented which guaranties the sliding mode occurrence in such a way and should be
selected such that the sliding mode starts at t = 0, i.e., o(0) = "x1(0) — ("6(0)V 2ref/ * Vin(0)) = 0. A block
diagram of the control system is given in Fig. 2.

X, x2
lAd - l X
i aptive M/
Vi | o Uey PWM / Boost
I_| Sliding Mode Gate Drive Converter X
Controller (Eq. 1) -
(Eq. 10) *
x ¥ -
1 Observer /|1 H
)"‘; Adaptation
2 Laws +
— (Eqgs. 3,6,7) bt _
G,Vin xl

Fig. 2- block diagram of adaptive sliding mode control
I11.  SIMULATION AND EXPERIMENTAL RESULT

Specification for boost converter is as follows:

Description parameter | Nominal value
Input voltage \2 6V
capacitance C 0.150 mf
inductance L 0.180 mH
Switching frequency fs 200kHz
Minimum load R min 40 ohm
resistance

Maximum load Ri max 160 ohm
resistance

Desired output voltage Vo 12V
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Values of control parameter for K, =833and K, =833 with adaptation law gains », =1and y, =250.0 .
(i) Output waveform when load is vary from 40 ohm to 160 ohm at time t=0.5 sec is shown in Fig.3

Fig.3 (A)Output voltage waveform (B) Inductor current waveform

output voltage (volt)
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(ii) Output waveform when input voltage is vary from 6 volt to 10 volt at time t=0.5 is shown in fig. 4

autput voltage (Volt)
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inductor current iL (A)

- ; i : i : : i ; i
u] 0.1 0.2 03 0.4 05 06 07 08 09 1
time (sec.)

Fig. 4 (A) Output voltage waveform (B) Inductor current waveform

As shown in results we can consider that adaptive sliding mode control is accurate for uncertain load condition.

IV. CONCLUSION

In this paper we discussed about adaptive sliding mode controller for dc-dc boost converter which is simulated
with uncertain conditions like undefined load and variable input voltage. In adaptive sliding mode controller it
reduce chattering phenomenon and also transient time is very low. Designed controller is closed loop controller
and asymptotically stable. Simulated results are verified in future and we can extended it for buck and buck-
boost converter.
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