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RESUME - This work describes the practical implementation 
of a Fault-Tolerant Control (FTC) for a 6-phase mirror 
Interleaved DC/DC Boost Converter (MIBC) for fuel cell 
applications. The paper aims to validate by experimental 
implementation the concept of a modified power switch open-
circuit fault detection fault detection algorithm associated to a 
FTC for mirror six-phases-IBC used in fuel cell applications. The 
voltage conversion ratio of the proposed topology is high. Also, 
the voltage stress of switches for various duty cycles is low and 
the efficiency is high. Moreover, the value of input current ripple 
is low with the utilization of interleaving techniques. These 
advantages associated to a good FTC make this converter a good 
alternative to fuel cell applications. The obtained results confirm 
the excellent performances of the used power switch fault 
detection algorithm and the Fault-Tolerant control. 

Mots-clés— Mirror Interleaved Boost Converter (MIBC); fuel 
cell; FTC. 

1. INTRODUCTION (STYLE ‘TITRE 1’) 

Currently, fuel cell (FC) can be considered the good 
alternative to reduce carbon dioxide emissions in the event that 
hydrogen can be produced from renewable energy sources such 
as photovoltaic energy and wind energy. [1]. 

A dc-dc converter is required to interface the FC stack with 
its loads and to achieve good power management of the input 
power source. The FC dc-dc converter is also required for 
voltage conditioning as the FC output voltage strongly varies 
with variable load [2]. 

In some applications, the conventional boost converter 
proves to be an easy option due to its simple structure and its 
continuous input current. However it is not possible to achieve 
a high gain with this structure. The performance of a boost 
converter starts to deteriorate as duty cycle is increased to 
obtain high gain. Therefore, converters providing high gain 
while operating at appropriate duty cycles [3]. 

The most important requirements expected from dc-dc 
converter for FC applications are high voltage ratio low current 
ripple and FTC control .The lower current ripple, the longer the 
FC lifetime [4]. However, in an FC electric vehicle (FCEV), 
the high voltage ratio and low current ripple, which are 
associated with volume, weight, reliability, and efficiency 
constraints, are very important requirements [5]. 

In this paper, a power switch open-circuit fault detection 
(PSFD) algorithm based on two separated Park's vectors 
associated to a  FTC of a six phase mirror interleaving boost 
converter (MIBC) will be presented. The operational modes of 
the circuit, analysis and design of the converter, simulation 
results and test results of PSFD and FTC of the MIBC are 
presented in the following sections. 

2. TOPOLOGY DESCRIPTION 

Interleaved boost converter topologies present several 
advantages in terms of compactness; reduced input current 
ripple, energy efficiency, and reliability in case of power 
switch faults. Fig.1 shows an improved topology, mirror six-
phases-IBC, which can achieve a very high voltage gain as well 
as reduce the voltage stress of switches. These topologies with 
a duplicated of three-phase interleaved (mirrored arms) permits 
reduction in input current ripple and output voltage stress. The 
benefits of the N-phase MIBC are the following [7], [11]: 

1. High energy efficiency; 
2. Low input and output ripple frequency without 

increasing the switching frequency; Low  input ripple 
current; 

3. Reducing the size and weight of the passive 
components; 

4. Fault tolerant topology (number of legs). 
 
 

 
Fig. 1. 6-phases-MIBC. 



 

3. FAULT DETECTION AND RECONFIGURATION ALGORITHM 

For three-leg IBC topology, we can apply the same 
transformations used AC electric motor since the currents are 
shifted from each other of  2p/3 [7] . In 3-leg IBC, this phase 
shift is required in order to minimize the input current ripple 
[6]. Three-phase currents varying in time along the axes 1, 2, 3, 
can be algebraically transformed into a two-phase current, 
varying in time along the axes d, q by the following 
transformation: 
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For  (the angle between the stator and rotor reference in 
AC electric motor) equal to 0, Clarke transform can be used as 
diagnostic tool in a 3-leg IBC topology. The current according 
to equation (1) can be expressed as: 
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The three-phase (1, 2, 3) and two-phase (d, q) stationary 
reference frames are illustrated in Fig. 2. In this study, with a 6-
phase IBC topology, we need two separate three-phase to two-
phase transformation according to the symmetry (mirror 
topology) of the converter. 

By analyzing the graph in Fig. 2, it can be seen, that an 
open circuit fault (OCF) strongly influences the id and iq 
components. It is possible to determine the nature of the fault 
and also what phase is faulty.As can be seen in Fig. 3, 
according to the faulty phase, the trajectories of the new 
variables are modified. For example, for phase 1 or 4, the 
variables d and q change their amplitudes but remain in 
quadrature. For phase 2 or 5, the angle between the two 
variables is narrowed. For phase 3 or 6, the angle is widened. 
The command applied according to the default is given in the 
table 1 and the whole algorithm is detailed in Fig. 4. 

 
Fig.2. Three-phase and two-phase stationary reference frame 

 
 
 
 
 

Fig.3. Three-phase and two-phase stationary reference frame in the case of an 
OFC 

Tableau 1. FTC to apply according to PSFD. 

Faulty leg FTC to apply 

Leg 1, 4 Reconfigure the leg-shift of leg 3 and 6 (2Ts ∕3) →  (5Ts ∕6) 

Leg 2, 5 Reconfigure the leg-shift of leg 3 and 6 (2Ts ∕3) → (Ts∕6) 

Leg 3, 6 Reconfigure the leg-shift of leg 3 and 6 (Ts ∕3) →(Ts∕2) 

 
Fig.4. Power switch open-circuit fault detection algorithm and FTC 

 

 

 

 

 

 

 

 

 

Fig.5. FC, inductor legs currents before and after FTC algorithm application 

4. CONCLUSIONS 

In this paper a six-phase MIBC has been designed, a 
modified power switch open-circuit fault detection algorithm 
and FTC is detailed experimentally verified. This is an 
interesting alternative dc-dc structure associated to the FTC for 
fuel cell application which allows minimizing significantly the 
FC current ripple and consequently the long-term. 

Because of its interesting features, such as low input current 
ripple, high current capabilities, modularity, power losses 
distribution, high efficiency and fault tolerant control, this 
converter could adapt attractively for medium and high power 
fuel cell dc-dc converters. 
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