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This paper suggests a fast and low-cost method that can be applied in several
DC/DC converter topologies for detecting open circuit faults (OCFs) and
short circuit faults (SCFs). The suggested method may identify the faults of
several power switches even if they occur simultaneously in multi-phase
interleaved boost converter (MPh-1BC) by using just the sensors needed to
control the converter. This fault detection method (FDM) is based mainly on
comparing the measured inductor current and two fault detection thresholds,
one for OCFs detection and the other for SCFs detection. This method
combined with a corrective strategy to mitigate the negative impacts of
OCFs, particularly the significant rise in the ripple of the DC bus voltage and
the fuel cell (FC) current, which reduces FC aging and converter reliability.
The simulation findings indicate the FDM's excellent performance and
speed, as well as its usefulness in detecting defects of many power switches
in the converter, with a fault detection time of up to 1.7 ps. The acquired
findings further show the excellent effectiveness of the corrective strategy in
reducing these ripples in the event of one or two faults.
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1. INTRODUCTION

Fuel cell electric vehicles (FCEVs) are the best future replacement for conventional cars to reduce
pollution and fossil fuel shortages [1], [2]. In general, an FCEV powertrain consists of many components.
This article considers only the fuel cell (FC) and power electronic converter interface. The FC fueled by
hydrogen and air is a very environmentally friendly clean generator as it only produces electricity, heat, and
water [3], [4]. The proton exchange membrane fuel cell (PEMFC) is one of the most favorable technologies
available for FCEV applications [5]-[7] due to its solid electrolyte, high efficiency, low operating
temperature, and relatively small size [8]-[10]. Indeed, PEMFC stacks generate relatively low voltages that
need to be boosted to high voltage levels [11], which are between 270 and 540 V in electric vehicles (EVS)
[12]. Typically, a DC/DC boost converter is used in this range [13]. However, these converters have some
disadvantages for these applications, especially the reliability of maintaining their function in the event of a
failure in the power switch. The most prevalent faults in these switches are the open circuit faults (OCFs) and
the short circuit faults (SCFs) [14]. Both of these faults can damage other components in the power
conversion system. Therefore, these faults must be treated quickly and carefully. The reliability of this
converter is usually related to using dynamic redundancy by adding a redundant phase [15]-[17]. However,
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using this redundancy increases the converter's costs and complexity. Interleaved boost converter (IBC)
topologies are regarded as efficient alternatives to avoid using this redundancy. FC applications benefit from
this converter topology; it is modular, highly efficient, reliable, and reduces FC current ripple [18]-[20]. IBC
topologies' main benefit is that they continue to provide power to the load even if OCFs are in switches.
However, the degraded mode harms the FC and reduces converter reliability. This study proposes a
corrective strategy to reduce these undesirable effects. Indeed, applying this strategy is related to the location
of the faulty phases. So, developing a fast power switch fault detection (PSFD) method is necessary.

Few papers have proposed PSFD methods for IBCs. Research by Shahbazi et al. [21], the OCF
detection method for 3-Ph IBC compares the inductor current slope with their estimated values is proposed,
with identifying faults in 40 ps. Research by Ribeiro et al. [22] the same converter's OCF is detected using the
input current derivative sign in defective and healthy modes with three switching periods for fault detection.
However, no corrective strategy has been reported after locating defects in the previous two papers. Research by
Yahyaoui et al. [23], drain-to-source voltage monitoring is used to detect SCFs in 6-Ph IBCs in 200 ps.
Research by Guilbert et al [24], an OCF detection method based on Park's vectors joined with a remedial
strategy for a 3-Ph IBC is proposed. Research by Guilbert et al. [25], a PSFD method with a reconfiguration
strategy of operating degraded mode for 4-Phase Floating IBC is developed, where the fault detection method
(FDM) is based on Park's vector. In contrast, the reconfiguration strategy eliminated another healthy phase in
the non-defective part (floating or non-floating).

Although the FDMs in some of these papers are quick and inexpensive in others, most of these methods are
used in specific types of converters or vary depending on the converter type or according to the number of phases in
multi-phase IBC (MPh-IBC) topologies. Moreover, most of the FDMSs reported in the previous articles cannot detect
more than one PSF in the converter. Some of the corrective strategies presented in these papers can only deal with one
faulty phase. This paper's main contribution is developing a quick and low-cost method for detecting both OCFs and
SCFs for several switches in an MPh DC/DC converter. This method is suitable for several DC/DC converters. In
addition, a corrective strategy is offered in this research to be used when these faults are detected to enhance FC
performance, lengthen its lifespan, reduce hydrogen consumption, and improve the reliability of this converter.

2. MATERIALS AND METHOD
2.1. Four-phase interleaved DC/DC boost converter and roton exchange membrane fuel cell stack

In this study, the interface between the PEMFC stack and the load has been created using a 4-Ph
IBC. Each phase consists of an inductor (Li), a diode (Di), and a power switch (Si). The four phases are
linked in parallel with a filtering capacitor (C). To avoid SCF risks, simple switches (Sni) have been added to
each phase to isolate the faulty phase when this fault occurs. To protect against these potential faults, we may
also put a fuse (F) in series with the PEMFC stack.

Additionally, we link this stack in series with a diode (D) to shield it from feedback currents. The
remainder of the FCEV power train has been considered a resistive load for simplification in this study. Figure 1
shows the 4-Ph IBC and PEMFC stack associated with this converter's controller, the FDM, and the corrective
strategy. In this converter, the pulse-width modulation (PWM) gate control signals (GCSs) of the power
switching devices have been successively phase-shifted by Ts/4. This shift lets reducing the input current ripple.
The current delivered from the PEMFC stack is shared evenly between phases; this reduces the inductor's size
by four times compared to the conventional boost converter and provides a smaller size of semiconductors. The
inductor values are determined so the PEMFC current ripple ratio does not exceed 4% of the rated PEMFC.
Besides, an electrical model of the PEMFC stack has been implemented in the MATLAB/Simulink
environment and connected to this converter as a power source. Table 1 summarizes the system specifications.
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Table 1. System specifications

Parameters Variable
FC power, Pgc 21 KW
FC voltage, Vic Vv
FC current, lec 300 A
DC bus voltage, Ve 360 V
Switching frequency, Fs 10 Khz
Inductor, L 130 ph
Capacitor, C 495 pf

2.2. Fault detection method and corrective strategy
2.2.1. Fault detection method

The FDM proposed can detect both the OCFs and the SCFs of multiple switches in MPh-IBC
topologies. This method is low-cost and doesn’t require additional sensors; it uses just the sensors already
used to control the converter. The principle of the FDM is given in Figure 2.
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Figure 2. Schematic diagram of the suggested FDM and the corrective strategy

The basis for this method is principally to compare the inductor current measured for each phase
(iLx) with two fault detection thresholds, one for OCFs detection (TRocf) and the other for SCFs detection
(TRscf). These thresholds are determined by the total current reference (ifcrer), the number of healthy phases
(N. healthy Phs) of this converter, and the inductor current ripple (AiL). The ifcref is obtained from the outer
loop of the converter control. In contrast, the N. healthy Phs are determined by subtracting the total number
of phases in healthy mode (N. Ph conv-healthy mode) from the number of faulty phases (N. faulty Phs),
which this latter is obtained through the sum of OCFs detection signals for each phase, which is ‘1’ in the
case of fault detection and ‘0’ in the absence of a fault. The N. healthy Phs and the AiL can be respectively
expressed as (1) and (2):

N. healthy PhS = N. Ph conv—healthy mode - Z OCSFX (l)
. _ DVin
A, = L.Fs 2)

where D is the duty cycle, Fs is the switching frequency, and L is the inductor value.
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To avoid the problem of misdiagnosing faults, 58% of the inductor current ripple has been adopted
for the determination of the two fault detection thresholds, where the following expression determines the
reference OCF detection threshold (Ref-TRocf):

ifcrer

N.healthy Phs — 58% Ai,. 3

Ref —TRyes =

This reference threshold has been linked with transport delay to obtain the OCF detection threshold
(TRocf) to avoid misdiagnosis of OCFs, especially when adjusting the N-healthy Phs after detecting OCFs,
which rapidly changes the inductor current reference (iLref) and reference threshold. The following
expression determines the SCF fault detection threshold (TRscf):

ifcref

TRy f = ————
s¢f ™ N.healthy Phs

+ 58% Ai,. 4

Finally, the OCFs are detected when the inductor current value for each phase is equal to or less than
the TRocf, while the SCFs are detected when the inductor current equals or crosses the TRscf. Also noted is
that when the FDM detects an SCF, the defective phase is isolated by opening the switch (Sni) of that phase,
resulting in the fault becoming an OCF after this step. As a result, the FDM moves directly to the step that
detects OCFs. In the end, when an OCF is detected, the signals are relayed to the corrective strategy, which
then modifies the phase shift of the power switches' control signals between the remaining healthy phases.

2.2.2. The corrective strategy

Within this work, OCFs have been investigated. The loss of one or two phases in the 4-Ph IBC
causes an increase in the ripple of the PEMFC and the DC bus voltage, which causes additional power losses
and reduces the converter's reliability. This work provides a solution by offering a corrective strategy that
doesn't require adding extra components to this converter to reduce these increases. This strategy depends on
precisely adjusting the GCSs between the remaining healthy phases according to the faulty phases detected
by the suggested FDM. Table 2 shows the corrective strategy that must apply to the 4-Ph IBC according to
the defective phases provided by the FDM. If the switch is defective, this method sends logic "1" to the
corrective strategy. As a result, the new GCS replaces the old GCS, taking the appropriate phase shift from
the previous table into account. While the converter is in a healthy mode, this FDM sends the logic "0" to the
corrective strategy. This strategy allows for managing the failure of one or two power switches. The faulty
phase detection signals have been connected to gates and logic circuits to ensure the correct shifting of the
remaining healthy phases.

Table 2. The corrective strategy applied according to defective phases

Faulty phases Corrective strategy to apply
Phase 1 1) modify the Ph-shift of Ph 3 (from Ts/2 to 7Ts/12).
2) modify the Ph-shift of Ph 4 (from 3Ts/4 to 11Ts/12).
Phase 2 1) modify the Ph-shift of Ph 3 (from T/2 to T/3).
2) modify the Ph-shift of Ph 4 (from 3T/4 to 2T/3).
Phase 3 1) modify the Ph-shift of Ph 2 (from T/4 to T/3).
2) modify the Ph-shift of Ph 4 (from 3T/4 to 2T/3).
Phase 4 1) modify the Ph-shift of Ph2 (from T/4 to T/3).

2) modify the Ph-shift of Ph 3 (from T/2 to 2T/3).
Phases (1 and 2) 1) modify the Ph-shift of Ph3 (to T).

2) modify the Ph-shift of Ph 4 (to T/2).
Phases (1 and 3) 1) modify the Ph-shift of Ph2 (to T/2).

2) modify the Ph-shift of Ph 4 (to T).
Phases (1 and 4) 1) modify the Ph-shift of Ph2 (to T/2).

2) modify the Ph-shift of Ph 3 (to T).
Phases (2 and 3) modify the Ph-shift of Ph 4 (from 2T/3 to T/2).
Phases (2 and 4) modify the Ph-shift of Ph3 (to T/2).
Phases (3 and 4) modify the Ph-shift of Ph2 (from T/3 to T/2).

3. RESULTS AND DISCUSSION

To verify the proposed FDM's performance and speed, as well as its ability to detect faults in several
power switches in the MPh-IBC, and demonstrate the efficacy of the proposed corrective strategy in reducing
the negative impacts caused by these faults. Numerical simulations with and without applying this strategy
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have been performed. The FDM, the corrective strategy, the electrical model of the PEMFC stack, the power
circuits of a 4-Ph IBC, and its control have all been implemented in MATLAB/Simulink.

3.1. Effects of faults without applying the corrective strategy

Because the effects of SCFs are well-known in the literature, only the effects of OCFs are
investigated in this section. The SCF leads to a substantial and rapid increase in the currents of inductors and
FC, which can cause damage to both of these components and the remainder of the circuit. As a result, SCF
must be detected precisely and rapidly to isolate the faulty switch and avert system damage.

OCFs have been simulated in power switches S1 and S4 at the following times (t1=40 ms,
t2=160 ms, respectively) to identify the effects of one or more OCFs on the 4-Ph IBC and the PEMFC stack.
These faults have been simulated by placing each power switch in series with an ideal switch initially closed
and opening when the fault is desired. Figure 3 depicts the obtained results.

As shown in Figure 3(a), OCFs in switches significantly increased the ripple of FC current and
output voltage. Zoomed images of the FC current show that after an OCF on S1, the peak-to-peak current
ripple of the Aifc reaches roughly 54 A (i.e., 42 A more than Aifc of the healthy mode), which is equivalent
to 18% of the rated PEMFC current employed here. The ratio of this current ripple attains 22% after the
second fault occurs. These increases harm the FC aging and lead to excessive hydrogen consumption
[26]-[28]; the FC current ripple should not exceed 10% of the rated FC stack current [17].

Besides, these faults increased the ripple of the DC bus voltage five times more than the healthy
mode after the first fault (OCF in S1), while it grew by more than eightfold when the second fault occurred
(OCF in S1 and S4). According to Liu et al. [29], this rise reduces the capacitor's lifetime, raises its
temperature, and generates more power loss, affecting the converter's efficiency and reliability. Also, as can
be observed in Figure 3(b), these faults increase the inductor current of healthy phases, creating additional
electrical strains on the switches of these phases. The same figure also shows that following OCFs, there was
an inappropriate shift between the GCSs of the remaining healthy switches. These GCSs continue to shift
between each other with the same time delay of the healthy mode.

The PEMFC current ripple can reduce by growing the size of the inductors; the DC bus voltage
ripple can reduce by increasing the size of the capacitors, but this is unsuitable for FCEV applications due to
the associated increases in size, cost, and weight. One of the most significant challenges in FCEV design
today is detecting more than one power switch fault in these converter topologies and improving their
reliability and efficiency without increasing their size or costs. Therefore, in this work, after the proposed
FDM detects these faults, a corrective strategy has been applied without adding additional components and
size to this converter to reduce these ripples if one or two faults occur.
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Figure 3. Effects of OCFs without applying the corrective strategy (a) DC bus voltage (V) and PEMFC
current (A), and (b) phases currents (A)

3.2. Effects of faults with applying the corrective strategy

As previously stated, the proposed corrective strategy highly depends on the defective phase. As a
result, faults must be rapidly and precisely detected. To demonstrate the accuracy, quickness, and ability of
the developed FDM to detect more than one fault even if they occur simultaneously, as well as to show the
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effectiveness of the corrective strategy in reducing the ripple of PEMFC current and output voltage. OCFs
and SCFs have been simulated for two different cases: in the first case, the OCF on S1 has been affected at
(t=40 ms), while the SCF on S4 has been simulated at (t=160 ms), while in the second case, OCF and SCF
have been affected on S2 and S3 respectively simultaneously at t=150 ms. The obtained results are shown in
Figures 4 and 5.

Compared to degraded operating modes in which the suggested corrective strategy is not applied, as
shown in Figures 4(a) and 5(a), the FC current ripple is greatly reduced when using the strategy proposed in
this paper. After losing one phase in this converter (i.e., when the 4-Ph IBC became a 3-Ph IBC), this current
ripple dropped from 18% in the case of the degraded mode (Figure 3) to 8% (Aifc=24 A) of the rated PEMFC
stack current while applying the corrective strategy (i.e., Airc has been reduced by 55% in this case). When
losing the second phase (i.e., when the 4-Ph IBC turns into a 2-Ph IBC), the PEMFC current ripple decreased
from 66 to 33 A (i.e., Aisc has been reduced by 50% in this state).

Moreover, this strategy also contributed to reducing the DC bus voltage ripple compared to this
voltage's ripple without applying the corrective strategy. Figure 4 (a) shows that the ripple of this voltage is
nearly identical to the healthy mode after detecting OCF in "S1" and applying the corrective strategy. This
strategy also reduced the DC bus voltage ripple by half when this converter loses two phases.

As shown from the zoomed images of the inductor phase currents in Figures 4(b) and 5(b), once the
proposed FDM identifies the faulty switches, the corrective strategy executes an appropriate phase shift
between the remaining healthy phases. Furthermore, the same figures also demonstrate that when the TRscf
identifies an SCF, the inductor current of the affected phase is reduced after isolating this phase until the
OCEF of that phase is detected, at which point the corrective strategy is applied directly. In addition, as seen in
the same figures, the suggested FDM can accurately and quickly detect these faults, where it takes less than
one switching cycle to detect the fault, with a detection time of up to 1.7 ps.

Additionally, the results show this method's ability to detect faults of many switches simultaneously
(Figure 5) or at different times while the converter runs. These results also confirmed the excellent
performance of the corrective strategy in the occurrence's case of one or two faults. Overall, this study's
results could contribute to ongoing efforts to strike a middle ground between enhancing reliability and
incurring additional costs and size for FCEV applications.
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Figure 4. Effects of the corrective strategy and faults detection in phases 1 and 4 (a) DC bus voltage (V) and
PEMFC current (A), and (b) phases currents and faults detection

Bulletin of Electr Eng & Inf, Vol. 12, No. 5, October 2023: 2554-2560



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2559

< <—"healthy mode ——><— OCF in S2 and SCF in S3—> S 250 [ ealthy mode—> <~ OCF in S2 and SCF in S3—>
c r © I
g 350 \Vdc 2 500 1o TRSCL I TRscf J
3 g d N
0 s

8 2 50 47 b
E 5 150 % 3
S &L ‘
Z 250 | B S T T ] 2 100 .
o 00 | \ f 305 || [/ 3\‘ N \‘ i © oE‘Fz /:

| AN AANATARA N —~ - '
S odes) zos VUV < 5 o foen
> 20000 285 | V] 0 . scF3|
> 290 >75 L ! ! ! 1 i 0.15 0.1501
8 0.04995 0.05 0.05005| | 0.1998 0.2 0.2002 S0 i i

150 : ‘ : : =

[a]

0.05 0.1 0.15 02 025 03 0.2 025 0.3

Time (S) Time (s)
(@) (b)

Figure 5. Effects of the corrective strategy and faults detection in phases 2 and 3 (a) DC bus voltage (V) and
PEMFC current (A), and (b) phases currents and faults detection

4. CONCLUSION

This study proposed a quick and inexpensive method for detecting both OCFs and SCFs in MPh-
IBC. This method can diagnose these faults in many DC/DC converters and identify multiple switch defects
in MPh-IBC. This FDM uses the same sensors already in place for controlling the converter. It is based on
comparing the inductor current measured for each phase of the converter with two fault detection thresholds,
one for OCFs and the other for SCFs. Without adding additional components to the converter, this paper
presents a corrective strategy that lowers the PEMFC current and the DC bus voltage ripple caused by OCFs.
The collected findings have demonstrated the corrective strategy's usefulness in lowering these increases to
more than 50% if one or two faults occur. These findings also demonstrate the FDM's performance and speed
and its ability to identify several switch failures in multi-phase converters, where the speed of this detection
method reached up to 1.7 ps.

REFERENCES

[1]  X.Luetal., “Energy management of hybrid electric vehicles: A review of energy optimization of fuel cell hybrid power system based
on genetic algorithm,” Energy Conversion and Management, vol. 205, pp. 1-26, Feb. 2020, doi: 10.1016/j.enconman.2020.112474.

[2] S.S. Williamson, A. K. Rathore, and F. Musavi, “Industrial electronics for electric transportation: current state-of-the-art and future
challenges,” IEEE Transactions on Industrial Electronics, vol. 62, no. 5, pp. 3021-3032, May 2015, doi: 10.1109/TIE.2015.2409052.

[3] Y. Kishinevsky and S. Zelingher, “Coming clean with fuel cells,” IEEE Power and Energy Magazine, vol. 1, no. 6, pp. 20-25,
Nov. 2003, doi: 10.1109/MPAE.2003.1243959.

[4] Z. Hua, Z. Zheng, E. Pahon, M.-C. Péra, and F. Gao, “A review on lifetime prediction of proton exchange membrane fuel cells
system,” Journal of Power Sources, vol. 529, p. 231256, May 2022, doi: 10.1016/j.jpowsour.2022.231256.

[5] S.G. Chalk, J. F. Miller, and F. W. Wagner, “Challenges for fuel cells in transport applications,” Journal of Power Sources, vol.
86, no. 1-2, pp. 40-51, Mar. 2000, doi: 10.1016/S0378-7753(99)00481-4.

[6] A. Saadi, M. Becherif, A. Aboubou, and M. Y. Ayad, “Comparison of proton exchange membrane fuel cell static models,”
Renewable Energy, vol. 56, pp. 64-71, Aug. 2013, doi: 10.1016/j.renene.2012.10.012.

[l  E. Ogungbemi, T. Wilberforce, O. ljaodola, J. Thompson, and A. G. Olabi, “Selection of proton exchange membrane fuel cell for
transportation,” International Journal of Hydrogen Energy, vol. 46, no. 59, pp. 30625-30640, Aug. 2021, doi: 10.1016/j.ijhydene.2020.06.147.

[8] M. inci and O. Tiirksoy, “Review of fuel cells to grid interface: Configurations, technical challenges and trends,” Journal of
Cleaner Production, vol. 213, pp. 1353-1370, Mar. 2019, doi: 10.1016/j.jclepro.2018.12.281.

[9] A. Narjiss, D. Depernet, F. Gustin, D. Hissel, and A. Berthon, “Design of a high efficiency fuel cell DC/DC converter dedicated to
transportation applications,” Journal of Fuel Cell Science and Technology, vol. 5, no. 4, pp. 1-11, Nov. 2008, doi: 10.1115/1.2889009.

[10] M. S. Alam and R. C. Chabaan, “Realization of hybrid-electric powertrain system for a three wheeler auto taxi,” Bulletin of
Electrical Engineering and Informatics, vol. 1, no. 2, pp. 131-138, Jun. 2012, doi: 10.12928/eei.v1i2.243.

[11] S. Choi, V. G. Agelidis, J. Yang, D. Coutellier, and P. Marabeas, “Analysis, design and experimental results of a floating-output
interleaved-input boost-derived DC-DC high-gain transformer-less converter,” IET Power Electronics, vol. 4, no. 1, pp. 168-180,
2011, doi: 10.1049/iet-pel.2009.0339.

[12] A. Kolli, A. Gaillard, A. de Bernardinis, O. Bethoux, D. Hissel, and Z. Khatir, “A review on DC/DC converter architectures for power
fuel cell applications,” Energy Conversion and Management, vol. 105, pp. 716-730, Nov. 2015, doi: 10.1016/j.enconman.2015.07.060.

[13] A. A.J.Jeman, N. M. S. Hannoon, N. Hidayat, M. M. H. Adam, 1. Musirin, and V. Vijayakumar, “Experimental study on transient response
of fuel cell,” Bulletin of Electrical Engineering and Informatics, vol. 8, no. 2, pp. 375-381, Jun. 2019, doi: 10.11591/eei.v8i2.1431.

[14] M. Shahbazi, E. Jamshidpour, P. Poure, S. Saadate, and M. R. Zolghadri, “Open-and short-circuit switch fault diagnosis for
nonisolated DC-DC converters using field programmable gate array,” IEEE Transactions on Industrial Electronics, vol. 60, no. 9,
pp. 4136-4146, Sep. 2013, doi: 10.1109/TIE.2012.2224078.

[15] E. Jamshidpour, P. Poure, and S. Saadate, “Switch failure diagnosis based on inductor current observation for boost converters,”
International Journal of Electronics, vol. 103, no. 9, pp. 1498-1509, Feb. 2016, doi: 10.1080/00207217.2016.1138243.

[16] X. Pei, S. Nie, and Y. Kang, “Switch short-circuit fault diagnosis and remedial strategy for full-bridge DC-DC converters,” IEEE
Transactions on Power Electronics, vol. 30, no. 2, pp. 996-1004, Feb. 2015, doi: 10.1109/TPEL.2014.2310201.

[17] E. Ribeiro, A. J. M. Cardoso, and C. Boccaletti, “Fault-tolerant strategy for a photovoltaic DC-DC converter,” IEEE Transactions

Reliability improvement of multi-phase interleaved DC-DC converters for fuel cell ... (Hicham Mehida)



2560 O3 ISSN: 2302-9285

on Power Electronics, vol. 28, no. 6, pp. 3008-3018, Jun. 2013, doi: 10.1109/TPEL.2012.2226059.

[18] S. Farhani, A. N’Diaye, A. Djerdir, and F. Bacha, “Design and practical study of three phase interleaved boost converter for fuel
cell electric vehicle,” Journal of Power Sources, vol. 479, pp. 1-11, Dec. 2020, doi: 10.1016/j.jpowsour.2020.228815.

[19] H. Mehida, M. Y. Ayad, R. Saadi, O. Kraa, and A. Aboubou, “Multi-stack fuel cells and interleaved DC/DC converters
interactions for embedded applications,” in 2018 International Conference on Electrical Sciences and Technologies in Maghreb
(CISTEM), Oct. 2018, pp. 1-6, doi: 10.1109/CISTEM.2018.8613600.

[20] S. Sampath, Z. Rahiman, S. Chenniappan, E. Sundaram, U. Subramaniam, and S. Padmanaban, “Efficient multi-phase converter
for e-mobility,” World Electric Vehicle Journal, vol. 13, no. 4, pp. 1-16, Apr. 2022, doi: 10.3390/wevj13040067.

[21] M. Shahbazi, M. R. Zolghadri, and S. Ouni, “Fast and simple open-circuit fault detection method for interleaved DC-DC converters,” in 2016
7th Power Electronics and Drive Systems Technologies Conference (PEDSTC), 2016, pp. 440-445, doi: 10.1109/PEDSTC.2016.7556901.

[22] E. Ribeiro, A. J. M. Cardoso, and C. Boccaletti, “Open-circuit fault diagnosis in interleaved Dc-DC converters,” IEEE
Transactions on Power Electronics, vol. 29, no. 6, pp. 3091-3102, Jun. 2014, doi: 10.1109/TPEL.2013.2272381.

[23] R. Yahyaoui, A. de Bernardinis, A. Gaillard, and D. Hissel, “Switch short-circuit fault detection algorithm based on drain-to-source
voltage monitoring for a fault tolerant DC/DC converter,” in IECON 2016 - 42nd Annual Conference of the IEEE Industrial
Electronics Society, Oct. 2016, pp. 2212-2217, doi: 10.1109/IECON.2016.7793949.

[24] D. Guilbert, A. N’Diaye, A. Gaillard, and A. Djerdir, “Fuel cell systems reliability and availability enhancement by developing a
fast and efficient power switch open-circuit fault detection algorithm in interleaved DC/DC boost converter topologies,”
International Journal of Hydrogen Energy, vol. 41, no. 34, pp. 15505-15517, Sep. 2016, doi: 10.1016/j.ijhydene.2016.01.169.

[25] D. Guilbert, A. N’Diaye, A. Gaillard, and A. Djerdir, “Reliability improvement of a floating interleaved DC/DC boost converter in a
PV/fuel cell stand-alone power supply,” EPE Journal, vol. 29, no. 2, pp. 49-63, Apr. 2019, doi: 10.1080/09398368.2018.1505369.

[26] M. Gerard, J. P. Poirot-Crouvezier, D. Hissel, and M. C. Pra, “Ripple current effects on PEMFC aging test by experimental and
modeling,” Journal of Fuel Cell Science and Technology, vol. 8, no. 2, pp. 1-5, Apr. 2011, doi: 10.1115/1.4002467.

[27] J.-M. Kwon, E.-H. Kim, B.-H. Kwon, and K.-H. Nam, “High-efficiency fuel cell power conditioning system with input current ripple
reduction,” IEEE Transactions on Industrial Electronics, vol. 56, no. 3, pp. 826-834, Mar. 2009, doi: 10.1109/TIE.2008.2004393.

[28] B. Wahdame et al., “Impact of power converter current ripple on the durability of a fuel cell stack,” in 2008 IEEE International
Symposium on Industrial Electronics, Jun. 2008, pp. 1495-1500, doi: 10.1109/ISIE.2008.4677206.

[29] C. Liu, D. Xu, N. Zhu, F. Blaabjerg, and M. Chen, “DC-voltage fluctuation elimination through a DC-capacitor current control for
DFIG converters under unbalanced grid voltage conditions,” IEEE Transactions on Power Electronics, vol. 28, no. 7, pp. 3206—
3218, Jul. 2013, doi: 10.1109/TPEL.2012.2223829.

BIOGRAPHIES OF AUTHORS

Hicham Mehida © Ed 2 received the engineer degree in Automatic from Mohamed
Khider Biskra University, Algeria in 2005, he received the Master degree in Electrical
Engineering from Faculty of Science and Technology Kasdi Merbah University-Ouargla,
Algeria in 2015. He is now pursuing a Ph.D. in electrical engineering at the University of
Biskra, where he is a member of the Energy Systems Modeling Laboratory. His research
interests include renewables energies, embedded systems, diagnosis-fault detection,
multi-fuel cell, energy management, and electric vehicles. He can be contacted at email:
hichemmehida@gmail.com.

Abdennacer Aboubou 2 £:d B € received Eng and M.Sc. degree from Annaba University;
and received Ph.D. degree in 2005 from the Electrotechnical department of Biskra University
in collaboration with University De Lorraine (UDL) of Nancy-France. He is a professor
graduate who teaches and leads research in the Energy System Modeling Laboratory in the
areas of renewables energies, fuel cells, supercapacitors, PV batteries, WDG power sources,
energy management, embedded systems, energetic representation, system modeling, and
diagnosis-fault detection. He is a reviewer in the IEEE review (Trans. Energy Convers) and
ELSEVIER (Control Eng. Pract). He can be contacted at email: aboubou.nacer@gmail.com.

Mohamed Yacine Ayad Bd 12 obtained the M.Sc. and Ph.D. degrees in Electrical
Engineering from ENSEM-INPL, France in 1999 and 2004. From 2004 to 2007, he was
working as research assistant at the University of Technology at Belfort and Montbéliard
(UTBM), France. Since 2007, he has been working as R&D in Full Electric and Hybrid
Vehicles Industrial Applications. His main research is in the field of power electronics,
modeling, nonlinear control and energy management in embedded, smart and micro grids
systems applications using battery, supercapacitor, fuel cell, WDG and PV sources. He can
be contacted at email: ayadmy@gmail.com.

Bulletin of Electr Eng & Inf, Vol. 12, No. 5, October 2023: 2554-2560


https://orcid.org/0000-0002-4678-1186
https://scholar.google.com/citations?user=fEKSApMAAAAJ&hl=ar
https://www.webofscience.com/wos/author/record/GLR-6375-2022
https://orcid.org/0000-0002-4774-2488
https://scholar.google.com/citations?user=Ggqzs70AAAAJ&hl=ar
https://www.scopus.com/authid/detail.uri?authorId=9747287500
https://www.webofscience.com/wos/author/record/GQH-8858-2022
https://orcid.org/0000-0002-7935-9061
https://scholar.google.fr/citations?user=Y0tX9-4AAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=22233480300
https://www.webofscience.com/wos/author/record/GQP-1333-2022

