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a b s t r a c t

In this paper, a non-isolated DC/DC converter with high voltage ratio is proposed to allow the interface
between a low voltage power source like fuel cell and a high voltage DC bus. To take into account the
low voltage–high density characteristics of power sources, a cascaded structure composed of two sub-
converters has been chosen and allows obtaining a high voltage ratio. The choice of each sub-converter
is based on the requirements of the source and its performances. Consequently, we have chosen a three-
interleaved boost converter as the 1st sub-converter whereas the 2nd sub-converter is a three-level boost
converter. The control of the whole system is realized thanks to energetic trajectories planning based on
flatness properties of the system. The control of both the current and the balance of voltage across the
output serial capacitors of the three-level boost converter is ensured by non-linear controllers based
on a new non-linear model. Experimental results allow validating the proposed power architecture
and its associated control.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The fuel cell is currently known as a new interest so much on
the industrial level than on research one. Industrialists of various
sectors (electronics, cellular phones, vehicle, power generation,
heating, etc.) invest in the development of this technology with
high density characteristics and weak harmful gas emissions.

Because of fuel cells low output voltage characteristic, in order
to connect these sources to electrical devices, a static converter has
to be used to step-up the voltage magnitude of the sources to a reg-
ulated DC bus. In our case, the step-up voltage is about 10 and the
converter is connected to a battery pack. In order to reach a high
voltage ratio, isolated converter structures are usually applied,
especially with single-phase [1,2] or three-phase [3] full bridge
converter. However, the isolated structure converters are usually
used for no more than several kW applications [1,3]. If we want
reach a higher power with isolated structures, several isolated con-
verters units will operate together in order to segment the input
power [2].

Considering the non-isolated converter structures, classical
boost converter has the highest voltage ratio. However, the highest
step-up voltage ratio of boost converter is limited by parasitic
elements like serial resistances [4]. Some others non-isolated
converter structures are developed to increase the converter
voltage ratio [5–8]. In these structures, the number of additional

components used to improve the voltage ratio is important. In
addition to the voltage ratio requirement, the chosen converter
has to respect another constraint. In order to minimize the
constraints of the fuel cell stack, a small current ripple has to be
guaranteed [9,10]. So to achieve the two previous requirements,
we propose, in this paper, the structure depicted in Fig. 1.

With this topology a high voltage ratio can be achieved [11].
Moreover a classical interleaved technique for the 1st sub-
converter can be used to minimize the input current undulations
rate [12]. To optimize the efficiency of the global structure of
conversion, a three-level boost converter can be used for the 2nd
sub-converter. In fact the three-level boost converter has less
switching losses than the two-interleaved boost converter while
the converter output voltage is a high voltage [21]. However, the
two-interleaved boost converter is better for low output voltage.

Thus, the choice of the proposed cascaded converter structure
allows optimizing the efficiency of the converter with high voltage
ratio and small input current undulations. The intermediary volt-
age and the power provided to the load have to be controlled. To
solve the control issues of this non-linear system, different solu-
tions can be used. In [13], the authors proposed an input/output
linearization technique to ensure the control of two stages power
structure. With the power structure proposed in this paper, this
control method is not suitable (unstable zeroes, difficulty to take
into account losses, etc.). In this paper, a flatness based control will
be used to manage energy in the system [14–16]. To ensure both
the control of currents in the inductors and the balance of voltages
across the output capacitors, non-linear controllers based on a new
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non-linear model of the three-level boost converter are used. In the
last part of the paper, experimental results will be presented to
validate the efficiency of the proposed control methods.

2. Proposed converter structure

As explained in the first paragraph, the proposed converter
structure is constituted by a cascade of two sub-converters in order
to obtain the desired voltage ratio and small power source current
undulations. As detailed in [21], the choice of an interleaved boost
converter [17] for the 1st sub-converter and a three level boost
converter [18] for the second one leads to a better efficiency of
the global conversion structure thanks to the use of MOSFET/Scho-
ttky diode technology rather than IGBT/ultrafast diode technology
for the 2nd sub-converter. To ensure a better behaviour of the sys-
tem in no load condition, the choice of reversible sub-converters
has been done (note that in this case, synchronous rectification
can be used to increase the global efficiency of the conversion
structure). The semiconductors used to realize the test bench are
given in the Table 1. The global structure of conversion is presented
in Fig. 2. The fuel cell static characteristic is presented in Fig. 3.

The resistances r and rB represents respectively the DC-link
cable resistance and the parasitic resistance due to serial connec-
tion of the batteries. The resistance rB is supposed to be known.
Pch represents the power delivered by the DC/DC converter. The
estimation of the batteries voltage VB0 is realized thanks to the
measures of the batteries pack voltage VB and the load current ich.

3. Global converter control

The use of a cascaded structure can lead to interactions between
the controls of the two converters if they are designed separately.
In this case, to study interactions between the two converters,
impedance criteria are often used to study the stability of the cas-
caded system [19]. Nevertheless this technique allows proving the
asymptotic stability only around a given operating point. The large
signal stability properties or the behaviour of the system in case of
large external disturbances are not foreseen by this model. In this
paper, a non-linear control algorithm based on the flatness proper-
ties of the system is proposed. Design parameters are independent
of the operating point, interactions between the two converters are
taken into account by the controllers and high dynamic in pertur-
bations rejection is achieved.

3.1. Introduction to flatness system

In differential algebra, a system is viewed as a differential field
by a set of variables (states and inputs). The system is said to be
differentially flat if one can find a variable, called the flat output,
such that the system is algebraic (non-differentially) over the dif-
ferential field generated by the set of flat outputs. In fact, a system
is flat if an output can be found such that all states variables and
the components of the input vector can be determined from this

Table 1
Semi-conductor parameters.

Structure Switch Diode

1st sub-converter: MOSFET Schottky diode
two-interleaved 100 V 230 A 100 V 80 A
boost (IXFN230N10) (STPS160H100TV)

MOSFET Schottky diode
2nd sub-converter: 200 V 180 A 150 V 100 A
three-level boost (IXFN180N20) (IXYS DSS2x101–15A)

Source

1st sub-converter

DC
DC

DC
DC

Load

2nd sub-converter

Fig. 1. Cascaded converter structure.
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Fig. 2. Proposed converter.
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Fig. 3. Static characteristic of the fuel cell Ve = f(if) (experimental results).
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