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Abstract—This paper is a simple and systematic approachéeto
design and analysis a pulse width modulation (PV#ised sliding
mode controller for buck DC-DC Converters. Vari@aspects of the
design, including the practical problems and theppsed solutions,
are detailed. However, these control strategie® campensate for
large load current and input voltage variationstHis paper, a new
control strategy by compromising both schemes adgms and
avoiding their drawbacks is proposed, analyzedsamdlated.
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I. INTRODUCTION
HE buck type DC-DC converters are used in appbceati

where the required output voltage needed to belesmal

than the source voltage. The control of this typ€-DC
converters is more difficult than the buck type véhehe
output voltage is smaller than the source voltagee
difficulties in the control of buck converters adee to the
non-minimum phase structure i.e. since, the coninplut
appears both in voltage and current equations, fhencontrol
point of view the control of buck type converterg anore
difficult than buck type [1].

A control technique suitable for DC-DC coneest must
cope with their intrinsic nonlinearity and wide urtpvoltage
and load variations, ensuring stability in any apeg
condition while providing fast transient respons®&ince
switching converters constitute a case of variaiteicture
systems, the sliding mode (SM) control technique ba a
possible option to control this kind of circuitsh& use of
sliding mode control enable to improved and eveercame
the deficiency of the control method based on sreigihal
models. In particular, sliding mode control imprevéhe
dynamic behaviour of the system, endowing
characteristics such as robustness against chamgies load,
uncertain system parameters and simple implementg2i.
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Study of a fixed-frequency SM controllers Hasused on
the practical constrains. In view of this, we pre@dn this
paper a fixed frequency, which is based on an éutlisliding
mode control technique and is implemented in pulgdth
modulation (PWM), this controller can offer goodda signal
control performances with fast dynamical response.

In order to assure that the controlled systeperates
properly the existence condition and stability maestverified.
These are the summarized controller design stepslbo the
system modeling could be considered as a design ste

1. SLIDING MODE CONTROL OFBuck DC-DC
CONVERTER

The sliding mode control is based on the \éeistructure
theory [3]-[4], and introduces to the complete sgsta good
dynamic response and also robustness to largedoddnput
voltage variations. The sliding mode control opesain a
simplified way as follows: a sliding surface is ided with the
equilibrium point, and the system is forced to leédtinto the
sliding surface (existence condition), and thensygtem must
reach the equilibrium point (stability).

A.  System Modeing

To Iillustrate the underlying principal, the statpase
description of the buck converter under sliding motltage
control, where the control parameters are the autpliage,
output voltage error dynamic, inductor current aaftrence
voltage (in phase canonical form) [6], is firstaissed.

Figure (1) shows the schematic diagram of a slidiragle
control buck converter. This section covers theotbgcal
aspects of the sliding mode control converter. Actical

method to determine the sliding coefficients iafgroduced.
Sy L i

i

Sliding Mode Controller

Fig. 1 Proposed sliding mode control circuit fockDC-DC
converter
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WhereC, L, andR_ are the capacitance, inductance, and load

{SSAO+:JTAX+JTBUSAO++JTD<O ©

Sq oo =J"Ax+J"BUg ,_+J'D>0
An illustration is provided for the buck converter.
+ Casel:S- 0" S<O:
Substitution oUg_ ¢, =U =0 and the matrices into (6)

resistance respectivel¥,., Vi, 5.V, and |, are the reference, gives

input voltage, sensed output voltage and inductaswreent
respectively; andJ = 1 or 0 is the switching state of power
switch SW. Then, the state space model of the sy§1¢ can

be derived as:

Xx=Ax+BU+D (2

Where
0 -8 0
0 Vet Vi
y = f =i andX:V
A=|o 1 1| B=|0 D= 0 o
"RC C Vi 0 I
0 1 0 L
L

B. Controller Design

The basic idea of SM control is to design a ceriding
surface in its control law that will direct the jgretory of the
state variables towards a desired origin when @déut [5].
The sliding mode controller has a switching furrctio

1 when S>0
U= 3)

0 when S<O

where S is the instantaneous state variables toajeand is
near to zero, it's described as:

=k 1L =k, Vo + KV, + K Vi 4
with 37 =[k k k keg| and k.k,k and ke
representing the control parameters termed as nglidi
coefficients.

As in all other SM control schemes, the deteation of the
ranges of employable sliding coefficients for théMS
converter must go through the process of analyzing

existence condition of the controller convertertegsusing the

Placement Robust Pole.

C. Derivation of Existence Conditions

To ensure that SM control is realizable in thisteyg an
existence condition must be obeyed:

limS.S<0
S-0

©)

Thus, by substitution the time derivative of),( the
condition for SM control to exist is:

1

K, Vi —ﬁ\@)—k{éu Re

]+k1 —V, <0 @)
. Case2:5-0 S>0:

Substitution ol 5_,_ =U =1 and the matrices into (6)
gives:

Kr(vref_.&/o)_K/(élL R_C Lo L

—1VOJ+I<{1V —Vij>0 (8)

D. Equivalent Control

The stability analysis of the controller is madethwthe
equivalent control; the equivalent control is sith&d into
the system model, and is verified under that coordlit

The equivalent control is the control law where system

is into the sliding surface, and it is dbeal from S=0 ,

but changingU to the equivalent controlU,, . To get
equivalent control, assun= 0
L k _ gk 1k, Lk
Uy = — | V, 9
eq V||:[R_CK ABK L]o CK L k| ref ()
WhereUg, is continuous, parametek,/k;  ark}/k,  are to

be determined which corresponds to the desireihglichode
controller dynamics that will be discussed.

A necessary and sufficient condition of loealstence of
sliding regimes o1 is:

1< Uy <1 (20)

E. Equation of Statein Siding Mode

The equation of state in sliding mode is obtaingd b
replacing in the system (2) the discontinuous adrirby the
equivalent control [7]. The equation of state beesm

v? [0 -B 0 ] v,] 1

0|= -1 1 + 11

v, RC c||% svre‘ 4
K1 gk 1k ]

I kRC "k CkJ-"

Let us notice that a root of the characteristicatin is null
because of the linear dependence of the variablssi® when
the system is in sliding mod&(x,t) =0 . The dynamics of the
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system is thus influenced by the parameters of sliding
surfacek,/k k. /k and the time constant of the fiRe€

However, the dynamics of the system is natcéfd by the
variations of the voltag®;, and the inductahce

This is due to an inherent quality of the slidingdas which is
the robustnes8].

I1l. CONSTANT FREQUENCY OPERATION

To control the switching frequency of the convertdre
relationship between the hysteresis bakdand switching

frequencyfs must be known. Figure (3) the magnified view of

the phase trajectory when it is operating in stidinode.
tzdtl

TR,
BVAAY

t=0 t=dt+ db

S=

Fig. 2 Magnified view of phase trajectory in sligimode operation

f and f are the vectors of state variable velocity f5+0 and
U=1, respectively. It was previously derived in [Bat:

dtl:méHf‘

) 14
oM 9
2 oS ft

Where di is time taken for vector fo move from position (a)

to (b); and dtis the time taken for vectof fo move from (b)
to (c).

DSf_zﬁﬁ_E_s (15)
ox dt  dt
Where ‘= f foru=0
f* foru=1
So we have
dt = - ZHf_
S0 (16)
-2H
dt2 = . +
St -

the time period for one cycle is : T=dt;+dt,

Therefore, the time period for one cycle in whitie fphase
trajectory moves from position (a) to (c) is eqieve to (17):

fs =l:\/o(\/l VO) (17)
T 2AV; L

We can see clearly that the frequency is erfeed by any
variation on the input voltage, a way to get adiXeequency
sliding regime is to the equivalent relationshigween the
Pulse Width Modulation (PWM) and the sliding regifi8]-

[14]. It is possible to synthesize the duty cyateresponding
to the Pulse Width Modulation from the theory of$/S
This duty cycle derived from the equivalent command

applied to the converter, has the advantage of stolkss
compared to the variation of the input voltaye The
sequence (0.1) as a result, causes an oscillatfothe
trajectory of state around the integral manifold ibfe
controlled system.

P

Fig. 3 Duty cycle derived from the equivalent cohtr

D(x,t)

N

IV. SIMULATION RESULTS

In this section, simulation results of the propos#iding
mode controller are provided to validate the thioaédesign.
The simulation program is developed from (8) fo\6@uck
converters with specification shown in Table |. Téwntrol
parameters adopted avg; = 2.8 V, =0.1,k, = 55,k, = 0.045,
ki = 1, andkg = 1. They are chosen to comply the design
restrictions in (9), (11), and have been fine tutmeéspond to
a desired regulation and dynamic response. Fidarahows
the full schematic diagram of the simulation model.

TABLE |
SPECIFICATIONSADOPTEDFOR THE SIMULATED INVERTER

Vi VO C L fg
48 V 28V 250 uF 125 pF 100 z
T T T T T
K et Pt Mislistiiios (el el Cm——
| | \\\—/’)F\ |
o0 N S = S
I I I I I
I I I I I
10F--——-——4-—-—-——- - - == — - + - - === =
| | | | |
I I I I I
0 L L L L L
0 0.05 0.1 0.15 0.2 0.25 0.3

Vo [v]

t[s]

Fig. 4 Time response of output voltagg under step load variation
(from 15 to 2@). The values of coefficients used &e 58,k, =
0.043 and =1,k =1
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Fig. 5 Time response of output currént, under step load variation
(from 15 to 2@). The values of coefficients used &ye- 55,k, =
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0.045 and= 1, ke = 1
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Fig. 6 Time responses of inductor currgntunder step load variation
(from 15 to 2@). The values of coefficients chosen kre 58,k, =
0.043 andk; =1,k =1
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Fig. 7 Time response of output voltagg under step load variation
(from 15 to 1®@). The values of coefficients used &ye= 58,k, =

0.043 and =1,k = 1

t [s]
Fig. 8 Time responses of output currgpt and magnified output
current, under step load variation (from 15 t®)0The values of
coefficients used afe = 55,k, = 0.045 andk; = 1,k =1

x 10"
Fig. 9 Inductor current and pwm switching voltagagmified

V. CONCLUSION

The performance of the sliding mode Controtleck DC-
DC converter are analyzed under normal and distuda
conditions. Sliding mode control is able to ensgystem
stability even for large input voltage and loadiaion, good
dynamic response and simple implementation. Ariesponse
that operates at a fixed frequency is proposed back
converter. The various aspects of the controllehiciv
includes the choice of sliding surface, the placgmaole
method for determination of controller parameteAdso
additional function was implemented to provide iotdu
current limitation.
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