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ABSTRACT

In this paper, the sliding mode control is developed
for a multicell power converter. The main purpose of
this paper is to present the hybrid model and generate
commutation surfaces based on a Lyapunov function.
Simulations draw attention to the efficiency of the pro-
posed strategy on a three-cell converter to assess the
performances and the robustness of the synthesized
controller.

Index Terms— multicell converter, sliding mode,
robustness.

1. INTRODUCTION

The power electronics are well known important tech-
nological developments. This is carried out thanks to
the developments of the semiconductor of power com-
ponents and a new system of energy conversion. Many
of those systems present hybrid dynamics. Among
these systems, multicell converters built upon a series-
association of the elementary cells of commutation
cells. This structure, which appeared at the end of
the 20" century [6], makes it possible to share the
constraints in tension and it also improves the har-
monic contents of the wave forms[4]. Moreover, mod-
eling is a very important step for control laws and
observers synthesis. In literature, Several approaches
have been considered to develop methods of control
and observation of the multicell converter. Initially,
models have been developed to describe their instan-
taneous [5], harmonic [6] or averaging [1] behaviors.
These various models were used for the development
of control laws in open-loop [12].

This control is very simple, to ensure the function-
ing of the converter with pulses delayed by 1/3 to the
period relative to each other. But it can do more
to ensure the stability of tension capacitors. It will
be necessary to use a closed loop control that take
into account the evolution of the capacitor voltages
and can meet the requirement to control and main-
tain voltage levels defined [2].

In the other hand, the following model must be ade-
quately simple to allow real time control but enough
precise to achieve the desired behavior. Because it’s
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based on continuous variables and discrete variables,
Multicell converter modeling is claimed to be difficult
[7] [8]. According to previous studies, three types of
models could be found.

The average model consists of calculating average value
of all variables during one sampling period. Neverthe-
less, this model cannot represent the capacitors ter-
minal voltage natural balancing; The harmonic model
consists of the calculation of the voltage harmonic
phases and amplitudes by considering the charging
current in steady-state operation; The instantaneous
model deals with time-evolution of all variables in-
cluding the switch states(discrete location). This model
is hard to use as controllers and observers design is im-
possible since the converter is not a continuous system
but the mixture of continuous and discrete systems [2]
[3].

For a better exploitation of controller possibilities, hy-
brid modeling allows multicell converters using anal-
ysis and synthesis powerful tools [9]. The aim of this
paper is to propose the hybrid modeling of a p-cells
converter which will be afterwards controlled using
sliding modes. This paper is organized as follows:
after the presentation of the multicell converters in
section 2, section 3 gives the proposed sliding mode
controller. Simulation results are given in section 4.

2. CONVERTER STUDY MODE
CONTROL

2.1. Multicellular converter description

The general structure of the studied multicell con-
verter is presented in figure 1. It is composed of p-
cells. Each cell contains two complementary power
electronics components controlled by a binary switch
.That means that if the upper switch of the k** cell is
closed uy = 1 the lower switch is open.

The multicellular converter cells are associated in
series with a RL load and the cells separated by ca-
pacitors that can be considered as continuous voltage
sources [1][10].thus, the converter has p — 1 floating
voltage sources. In order to ensure normal operations,
it is necessary to guarantee a balanced distribution of
the floating voltages V;, k%. The output voltage V;
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Figure 1. Studied p-cells converter.

can attend p voltage levels (%, e (p—1) %,E) [10].
The general state space representation of the p-cells
converter is given by the system 1:

d .
= o (uz —w1)icn
dvc, X

d = gy (up — upn) e (1)
dich:_(u _u)vcl_(u —’LL)UC2—
dt 2L )

ve, R. E

o= (up — up—1) £ L 7 leh —|—upf

For this model the load current i.; and the floating
voltage V¢, are used as space variables[7]such that:

X = AX + B(X)u (2)

Where X = [ve,,ve,, ..,vcp,ich]T is the continuous

state vector and u = [uq, ..... up}T the applied control
input. The state matrix A is defined as follows 3:

00 0 0
00 0 0

A= 0 0 (3)
00 0 0
0 0 (e

and the control matrix B expressed as 4:

_leh ich
e 0
__tch lch
0 & & 0
B = .
_ _ten _leh
0 0 — e
Vo, Vo, VO, vCp 17YC, 5 E-vo,
L : L

2.2. linearization

The linearization method, proposed in [7], consists
on adding a compensation term of duty cycle, which
result from the comparison of the float voltage with
the desired reference ,Figure 2 This method gives a
directly control of the current. The average value of
the current of the k' capacitor is:

i = (Ukt1 — Uk) Teh (5)

Moreover, the linearization method is determined by
adjusting the difference of the duty cycle (ug4+1 — ug).
So, this gap on the voltage is filled in one pulse period.
We thus obtain a second relationship

kE
EE _ vy
Z.k:ck% (6)

From equations 5 and 6, we deduce the desired

value
C. (kB
Tich \ p

tesr — 1y = - vck) (7)
T is the switching period, Cy the k" capacitor,i.;,
current of load, p number of cell and V;, the floating
voltage. for k € {1,2...,p—1}
Control of switching cells p gives us p degrees on duty
cycles. But there is that p — 1 floating voltages to
enslave. We can then use the last degree by setting
one of the values of duty cycle u; oru,. This value
can be chosen to be constant, or chosen so that the
current continue a reference load. Several structures
of control laws are possible: we set u; or u;,, we deduce
the rest of the vector u; .
Figure 2gives a representation of the strategy.
Where:

E——».——» - R «
. Ve, I K

Multicell 7
L
converter '
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+

Figure 2. Strategy of linearization converter.
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: is the natural balancing as defined as flow V., =
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Vei,., : the it" desired references of the floating volt-
age
K; =

v Tien

The control validation is performed by simulation
results with three cell converter.
Figures 3 and 4 represent the floating voltage V., ,
and the load current i.j , respectively.
Figure 4 shows that has a greater fluctuation in the
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Figure 3. Floating voltage evolutions V¢, andVg,
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Figure 4. The current load evolution i.p

dynamic current.

The major problem of control is the sensitivity be-
tween the load and the current reference I;.

To resolve this problem, many researchers propose a
robust control based on sliding mode control.
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3. PROPOSED SLIDING MODE
CONTROL FOR MULTICELL
CONVERTER

Sliding mode control become more and more attrac-
tive to control for multi-cell converter. The proposed
control approach is based on the use of model devel-
oped in [7], to control a two cells converter. For this
study, we propose to generalize this control approach
to p cells multicellular converter. Thus, we define p
sliding surfaces as follows 8:

Sl = irefvcl - ichvrefl

SZ = Z'refv¢:2 - Z‘chvrej‘é

—lch (Urefl + Urefy-eer + Urefp,l)

(3)
where e = ( iref - ich ‘/refl - V::1 ‘/refl - Vcl )
the tracking error is asymptotically stable . First, we
define the control objective which to satisfy the sliding
surfaces S as follow 9:

If:
S1=0
Sy =0
9)
Sp=0

And we use the V¢, = k% Next, we get

Sl = irefvcl - Z‘chvrefl =0

S2 = irefvcz - Z‘chrUreffz =0

—lch (vrefl + Urefyeer + vTefp—l) =0

(10)
Vey = Urefy
Vey = Urefs,
we deduce The closed loop control se-
leh = iref

quences are defined as:

ui = 5 [1 — sign (S,)]

for i € {1,2..., p}

4. SIMULATION RESULTS

In order to illustrate the performance of the proposed
control, we considered a three-cell converter connected
to an RL load.

wi = L1 — sign (S1)],

Sp =iref (B = ve,) + ire (B = vey) ++ines (B = ve,_,)

SP = Z‘7“€f (E - Ucl) + Z-7“€f (E - Ucz) o 'iref (E - vcp—l)
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i € {1,2, 3} The sliding mode surfaces are given by
12

S1 = irefVc; — tehVref,

S = lrefUcy — lehUref,

S3 = lref (E —ve) + lpef (E — vg,)
—ich (Vref, + Vrefs,)

(12)

The control aims to insure the convergence of switch-
ing surfaces S; to zero, to allow the reaching of the
state variables to their references.

The parameters of the studied converter are given in
table 1:

Table 1. Studied multicell converter parameters

Components || Rating values
E 1500V
L 0.5mH
C1,C2 40F
R 1092
f 40K hz
Ires 60A

Figures 5 and 6 show respectively the floating volt-
ages Vo, , Ve, and the load current ¢., evolutions.
The floating voltages are set around their references.
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Figure 5. Floating voltage Vi, and Vi, evolutions
obtained by application of the sliding mode control

Moreover, the load current reaches the desired ref-
erence.
Than, the proposed sliding mode control is robust and
suitable for the studied converter. It rejects external
perturbation and some controlled system parameters
variations.

The robustness of the proposed SMC was tested
with a load resistance variation of 50%.
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Figure 6. Load current ¢.;, evolution obtained by
application of the sliding mode control and for I,..; =
60A

Figure 7 and 8 presents the voltages V¢, ,Ve, and the
load current for a load resistance change from 10€2 to
15Q at t = 0.2s.  According to these results, it can be
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Figure 7. Floating voltages Vg, and V¢, for a load
resistance change

noticed that the performances of the proposed control
for load variation are satisfactory.

Figure 9 and 10 present, respectively, the variation
of the floating voltages Vi, and V¢, evolutions and
the current of load under change from 604 to 70A at
0.2s. We can notice that the control keeps the floating
voltages constant.
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Figure 8. Load current i., evolution for a load re-
sistance change
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Figure 9. Floating voltages V¢, and V¢, evolutions
under variation of current reference
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Figure 10. Load current i.;, under variation of cur-
rent reference

5. CONCLUSION

In this paper, the hybrid sliding mode controller is
proposed.The results show that the proposed method
can perform an efficient for system...

Moreover this method present a robust control for the
variations and uncertainties parameters In the litera-
ture, we can found many solutions for the control of
the multi-cell converter. In this paper, we proposed
the hybrid sliding mode controller. This mode of con-
troller is suitable for this system. It has proven to be
robust against controlled plant parameters variations
and uncertainties.
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