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Abstract— Nowadays, parallel DC-DC switched converters are
commonly used in many applications such as distriiad power
supply systems and embedded systems to extend baftéfe. As a
single switched mode DC-DC converter topology, a pallel
converter must provide a regulated output voltageFor such case
the regulation of the voltage must be performed ira closed loop
control mode. In this paper, a Fuzzy Sliding ModeControl
(FSMC) is developed and applied to a parallel DC-D@onverter.
Fuzzy Sliding Mode Control is a robust control whidy combines
the benefits of fuzzy logic control and sliding moe control. The
efficiency and the robustness of the proposed comtiter are
tested by simulation, with success, for different merating
conditions.
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I. INTRODUCTION

Parallel converters have an essential position gdem
switched mode power conversion systems. It prestms
advantage of allowing reduced switching loses avd Ibad
current ripple in comparison with conventional certers. In
parallel converters the size and the losses offiltexing
voltage are reduced [1-6].

A variety of industrial application of power sumsibased
on of parallel DC-DC converters like portable elentc
devices, microprocessor alimentation and
application.

For the dual-voltage automotive application, thectbnic
power systems converters must provide a regulatgput
voltage with low ripple rate [5]. In addition, theonverter
must be robust against load or input voltage vianat and
converter parametric uncertainties. Thus, for soake the
regulation of the output voltage must be perforrimed closed
loop control mode.

Several closed loop conventional techniques haven be

applied to parallel converters [5-8]. Among thesehhiques

sliding Mode Control (SMC) was proposed [7]. SMCas
switched deo

nonlinear control solution suitable for
converters. It is considered to be a robust corsttegy
against parametric uncertainties [9]. It allows aod) output
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automotive

voltage dynamical response. However, the major baaw of
SMC is the chattering phenomena [10-11].

A high order SMC can be a solution to the chatterin
phenomena. However, such control can lead to a kmp
control law which can not be implemented in praztic

Another solution consists into extending the SMCato
Fuzzy Sliding Mode Control (FSMC). The FSMC prosde
more robustness and reduced chattering. It is kndlvet
Fuzzy Logic Control is suitable for nonlinear orngaex
systems characterized by parametric fluctuation
uncertainties.

In this paper, a FSMC is proposed for a three [grBIC-
DC switching Buck converters. This paper is orgadias
follows. In section 2 the studied parallel DC-DC dRu
converter is presented and modelled. The propoSdT-is
described in section 3. Finally, the simulated tesults are
given and discussed in section 4.

or

Il. STUDIED PARALLEL DC-DCBUCK CONVERTER MODELING

The structure of the studied parallel DC-DC Buck\rter
is shown in figure 1.

o

Sw,

Fig.1. Structure of the studied parallel DC-DC Buackverter

It consists of a three controlled switchesSv , Sw
andSwg), a three diodesd;, D,and D3), a three inductors
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(L, Ly and Ly ) and their respective equivalent series The electrical parameters of the studied buck caevere
resistors ¢, I, and r), it uses a common DC voltage sourc@/Ve€N in table 1.

delivering the input voltage\f,,), a common output filter

capacitor C ) ) and a load resistanc®|).

The mathematical model of the studied convertagiven
by the following general differential equationsteys:

di 1 .

d—l?=‘q(r1' L tVo—dyVi,)

di

ﬁ:_i(rzi L, Vo ~daVin)
. (1)

I 1, .

—dI:[S = _E( 5 Vo —dyviy)

dy, _1,. . .
ot _E(IL]_ i, i) “RCo

d; , d, and d5 take 1 for the on state of the switches and
for the off state.

The choice of the state vector=|
Vo |
allows the establishment of the following nonlinstate space

representation:
i, iy
] i
X = I.L2 = A . 2 + BU (2)
g L3
\70 VO
Vg = Cx
where:
n o o -] [dy]
L L |. L.
0 _g 0 _i 1 & 1
A= L2 I‘2 B= L2
o o -5 -1 ds
L Ls Ly
i1 1 1 0
LC Cc C Rc -
c=[o 00 { U=Vi;
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TABLE 1

STUDIED PARALLEL DC-DC BUCK CONVERTER PARAMETERS

Parameters Values
Vi 42V
Ceq 22.10F
L=l,=Lg=L 1.10°H
[ =ry=rg=r 0.1Q
R 7Q
Switching frequency 30.6Hz

[ll. PROPOSEDFSMC

For the three parallel Buck converters we consider
gollowing sliding surfaceSJ- forj=1,2,3:

Si=k ¢ +Ae

where k and A are the sliding coefficientg, is the output
voltage error defined as followsg, = Vo —

V. is the reference voltage angl the converter output

voltage.

ej is the inductors current error expressed as fallow

qj = Iref - ILj
So for the studied parallel converter the slidingaces are
formulated as follows:

S=ke*+Ae= Kk~ 1)+A(Ver— ¥
S=lke, tAe= k(L - E2)+/1(Vef_ ¥ )
S;= k@ tAe= Kk~ | )FA(Ver = ¥)

The proposed FSMC is composed by three synchronized
fuzzy controllers. Each controller is applied tocaverter and

each one uses the surfa&jsand its variatiorSj as inputs to

define the changes on the control signal.
Let us consider the positive definitive Lyapunowndtion
V defined as follows:

1., 1., 1
V—Esi +E§+—2§2 (4)
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The time derivativeV of V must be negative definitive For the output signals, fives normalized singletdesoted by

y : " NB (Negative Big), NM (Negative Middle), Z (Zerd}M
V<0t the stability of th t d to mdie t " ) > ;
surfaceoatTrzl(J:;i?/e © siabilily ot the system and o m (Positive Middle), PB (Positive Big) are used foe butput

signal AU ]

Thus, the proposed Fuzzy Sliding Mode Control haviorce
the controlled system to satisfy the inequality

S§+$ s+ §%0.

NB NM Z PM PB
For example if §; <0 and S]- <0 the duty cycle of the

PWM control signal must decrease and¥ >0 and SJ- >0,
the duty cycle must increase.

v

-1 -0.5 0 0.5 1

AU;
The output signal is the control increméd ; (k) which is !

used to update the control law. Thus, the contighad is
defined as follows:

U; (k) =AU; (k) + Uj (k-1) (5)

Fig.4. Output singletons

The normalized control surface of the proposed ¥ &iding
Mode Control, corresponding to the Rule Base givetable
) ) ) ) 2, is represented in figure 5. Such surface shdearlg the
Trapezoidal and triangular membership functionsioted by gnlinear characteristic of the proposed contral la

NB (Negative BIG), NM (Negative Middle), Z (Zerohe& PM
(Positive Middle) PB (Positive BIG), were used fayth the
surface and the surface change. They are respgctive
presented in figure 2 and figure 3 in the normalize

domair{—l ]] .

‘aﬁa‘»’a‘éﬂl

i
o

NB NM Z PM PB

Fig.5. The FSMC surface

—_

0.5

Lnc

Fig.2. SurfaceSj membership functions TABLE 2. RULE BASE OF THE PROPOSEBSMC

S.

A :
lNB NM z PM PB PB| PM Z NM| NB
. [NB| z [ PM| PB| PB| PB
Si[NM|NM| z | PM | PB| PB
Z [NB|NM | Z |PM| PB
0 . , > PM| NB| NB| NM | Z | PM
1o 0 ! PB| NB| NB| NB | NM| Z

Fig.3. Surface chan@%j membership functions

193

The proposed control diagram is presented in figurehere

Ky, K, K3, Ks, KsandKg are the scaling factors.
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the FSMC is better than the one obtained by SMC.
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Fig.8. Load current evolution by application of tféMC

Figure 9 presents the evolution of the output gatdor a
change of the load resistance frof2 To 52 at 0.005s. We
can notice that the FSMC rejects such perturbatitmwever,
SMC allows a faster rejection of the perturbatibart FSMC
for the case of the studied parallel DC-DC Buckvater.
Figure 10 presents the output voltage evolutionnithe input
voltage varies from 42V to 30V. We can notice it FSMC
rejects such perturbation.
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Fig.6. Block diagram of the proposed FSMC

®

IV. SMULATIONS RESULTS ’

The proposed FSMC was tested by simulation. Figugeves S
the simulated voltage step response of the stuyzheallel DC- 335 4 45 5 55 6 65 7 75 8

Time (s) x10°
DC Buck converter for 14V reference voltage.
20 ‘ ‘ ‘ ‘ ‘ Fig.9. Output voltage evolution by application o tFSMC for the case of
5l ] load variation from @ to 52
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Fig.7. Output voltage evolution by application loé tFSMC Time (s)

Figure 8 presents the obtained load current ewolutFrom Fi010. 0 | brained for th ; | L
the Obtalned resultS, we can C0nC|Ude that the rdm 19.10. Output voltage obtained for tl ecaseompﬂtvotage variation

. . . from 42V to 30V
behaviour of the transient state voltage respomsaireed by
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Figure 11 presents the obtained inductor curr@mieifor

each converter and figure 12 presents the obtadiraet

current ripple
2
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Fig.11 Three inductors current ripple
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Fig.12. Load current ripple

V. CONCLUSION

In this paper, we propose FSMC applied to a thramllel
DC-DC Buck converter. The major advantage of FSEI@at
it is not based on the mathematical model of thetroded

DC-DC parallel converter as SMC.
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The proposed control is based on synchronized @eutical
fuzzy logic controllers. The input signals of eafiwzy

controller are the surface and the surface varatioeach one
of the two converters. So, the proposed fuzzy rjjdnode
control defines the control signal to satisfy thebgity and
the attraction condition of the sliding surfaces.

The proposed control law was tested by simulatibhe

obtained results show the robustness of the propBSMC
against variation of the input voltage and the lozgistance.
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