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Abstract: This paper presents a novel fault detection algorithm for a three-phase interleaved
DC-DC boost converter integrated in a photovoltaic system. Interleaved DC-DC converters
have been used widely due to their advantages in terms of efficiency, ripple reductions,
modularity and small filter components. The fault detection algorithm depends on the input
current waveform as a fault indicator and does not require any additional sensors in the
system. To guarantee service continuity, a fault tolerant topology is achieved by connecting
a redundant switch to the interleaved converter. The proposed fault detection algorithm is
validated under different scenarios by the obtained results.

Key words: DC-DC converters, fault diagnosis, interleaved boost converter, open switch
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1. Introduction

The energy demand is consistently increasing throughout the globe year after year. Currently,
the electric power industry is highly dependent on the use of fossil fuels which has adverse
consequences like continuous climatic changes. With the continuous decrease in supplies of such
fossil fuels and the increase in its prices, the use of alternative energy sources is becoming more
than necessary. Therefore, the entire world is turning towards generation of electricity using
renewal energy sources. Among them, photovoltaic power is gaining more attention in various
electrical applications, as sunshine required to produce electricity is available all year long and
everywhere in the world [1, 2].
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A photovoltaic power supply system typically produces high currents and low voltage levels
that must be managed by a power converter. Hence, a DC-DC boost converter is required to
supply the maximum power produced by the photovoltaic generator to the load at any climatic
conditions [3-7]. However, the classical DC-DC boost converter will be unable to handle high
input current if the input voltage is low. The high input current levels can lead to increased current
stress and semiconductor devices losses in the converter. To solve these issues, the interleaved
boost converter is suggested in literature [8—12].

The interleaved DC—DC boost converter (IBC) is composed of n phases, whose currents are
phase shifted by 27/n radians. Interleaving techniques provide good solution to reduce the input
current stress due to the input current being distributed equally among the n phases of the IBC.
Such operation provides great advantages such as high efficiency, ripple reductions, modularity
and small filter components [8—10].

The reliability and efficiency of the interleaved DC-DC boost converter can be compromised
by common failures. Electrolytic capacitors and power switches are the components that are most
likely to fail due to the high mechanical and thermal stresses they endure inside the IBC [13, 14].
The major reason power switches fail, which can result in open-circuit and short-circuit problems,
is an excess of electrical and thermal stresses [15]. Most power switch drives currently have
a short-circuit fault protection as a common practice [16].

Unlike other DC-DC converter topologies, the IBC will continue to operate even if a power
switch for one phase fails. Despite the fact that this demonstrates the great reliability of the
converter, but still it will suffer from excessive output current ripple. Therefore, a real-time
fault tolerant strategy is required to prevent current ripple from exceeding acceptable limits and
guarantee service continuity.

In the literature, several publications have appeared documenting fault diagnosis methods for
power converters [ 17-25]. The magnetic component (inductor or transformer) voltage is measured
by an auxiliary winding in the magnetic core and used for fault diagnosis for DC-DC converters
in [17]. In [18], the inductor current form is used as fault indicator for the boost converter. A
fault diagnosis of a T-type three-level inverter based on a finite-state machine tracking state
transitions and rough set theory is presented in [19]. In [20], a fault diagnostic method for the
interleaved DC-DC boost converter based on the dc-link current derivative sign is proposed.
Reference [21] proposed an open and short circuit switch fault diagnosis method for non-isolated
DC-DC converters. In [22], a novel fault-tolerant topology for an H-bridge DC-DC converter is
proposed. In [23], a fault diagnosis based on the DC-link current pulse forms of a ZVS converter
is proposed. A fault detection method for a three-level DC-DC converter by monitoring the flying
capacitor voltage is proposed in [24]. In [25], a fault-tolerant control under an open-circuit fault
was proposed for three-level NPC converters.

The fault detection methods published in [18] and [21] are capable of detecting open-switch
faults in interleaved DC-DC converters, but they require one current sensor per phase (three total
for a three-phase IBC), which is not cost-effective. To avoid increasing costs and complexity, the
inputs of the diagnostic methods should be limited to the control variables.

This paper presents a new and an alternative open-switch fault detection algorithm for three-
phase interleaved DC-DC converters. This algorithm is based on the input current waveform
and hence does not require additional sensors in the system. In Section 2, an overview of the
system configuration is presented. Three-phase interleaved DC-DC boost converter analysis is
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presented in Section 3, after which the proposed open-switch switch fault detection algorithm
and fault tolerant control are described. Section 4 presents and discusses the results obtained
to validate the proposed fault detection algorithm and fault-tolerant control for the PV system
when an open-switch fault occurs in the interleaved DC-DC converter. Finally, in Section 5, the
conclusion is reported.

2. Systems configuration

Figure 1 shows the complete block diagram structure of the proposed system. The PV array
is connected to the load through a 3-phase interleaved DC-DC boost converter. The amount
of power produced by the PV array relies on a variety of parameters and climatic conditions,
including temperature, solar irradiance, shaded condition, load voltage, and others. Therefore, the
converter is controlled using the MPPT control technique in order to extract the most power out
of the PV array. The Perturb and Observe (P&O) control algorithm is the most commonly used
MPPT technique because of its reliability and simplicity [3—7, 18]. Hence, it is implemented in
this paper. The P&O algorithm we applied is detailed in [18].
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Fig. 1. Electrical circuit of the three-phases interleaved DC-DC boost converter PV system

The three-phase interleaved DC-DC boost converter circuit is formed by three independent
boost switching units, which are named phases or legs. Essentially, each of the three units will
operate in the same way as the classical boost converter. Thus, the IBC circuit consists of three
similar boost inductors (L1, L2, and L3), three power switches (7’1, 72 and T'3), and three power
diodes (D1, D2, and D3). The IBC phases are linked with an output capacitor filter Coy, and
a load. In this configuration, the duty ratio D generated by the MPPT technique is the same for all
phases, but each phase is phase shifted by 27r/3 radians (120°). Moreover, the high input current
is divided and shared across all paralleled inductors, where the average of the inductor currents
(i11, i;p and ij3) are evenly distributed with a phase shift of 120°, thus consequently the input
current and output voltage ripple will be reduced.

Figure 2 shows the variation of the input current ripple according to the duty ratio for different
numbers of phases. Observably, the ripple of the input current is reduced proportionally as the
number of phases increases [8,9, 11].
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Fig. 2. Input current ripple variations according to the duty ratio

Table 1 lists the PV array parameters. The PV array consists of four BP-365-TS photovoltaic
modules and can produce a maximum output of 260 W at 1 000 W/m? solar irradiation.

Table 1. PV array parameters

Parameter name Symbol Value Unit
Number of module in parallel Np 2
Number of module in series Ny 2
Maximum power Pax 260 \%%
Voltage at Pmax Vinp 17.4 A%
Current at Prax Inp 15

Table 2 lists the three-phase interleaved DC-DC boost converter parameters. The input in-
ductors and output capacitor values were obtained using analytical methods described in [9].

Table 2. Parameters of the three-phase interleaved DC-DC boost converter

Parameter name Symbol Value Unit
Load resistance R 12 Q
Inductances L 1 mH
Output capacitance Cout 100 puF
Input capacitance (& 10 pF
Switching frequency fs 5 kHz
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3. Fault diagnostic method

3.1. Three-phase interleaved DC-DC boost converter analysis

Figure 3 illustrates the basic operation of the three-phase interleaved DC-DC boost converter
in continuous conduction mode (CCM) for three cases according to the duty ratio value [8,9].

1
1. Case A: The converter can be in this case when the duty ratio is lower than 3 D < 3)

As shown in Fig. 3(a), during the interval [0, DT] only one switch (T'1) is turned on,
thus forcing the inductor current iz to increase and, consequently, increasing the input
current iy . As all the switches are turned off during the interval [DT, T/3], the inductor

currents and the input current decrease. | 5
2. Case B: The converter can be in this case when the duty ratio is between 3 and 3
1 2
3 <D< 3] As shown in Fig. 3(b), during the interval [0, T}] two switches (7'1 and

T3) are turned on, forcing the inductor currents i;; and iy3 to increase and, as a result,
increasing the input current iy . During the interval [T}, T /3], as the switch T3 turns off, the
inductor currents i;3 decrease, causing the input current iy to decrease, but, the inductor
current i7,; continues to increase and the inductor current iy, continues to decrease.

2 2
3. Case C: The converter can be in this case when the duty ratio is between 3 and1 (D > 3)

As shown in Fig. 3(c), during the interval [0, T.] all switches are turned on, forcing
the inductor currents iz, iz» and i3 to increase and, consequently, increasing the input
current i7. During the interval [T, T /3], as the switch T2 turns off, the inductor currents
ir» decrease, causing the input current i;, to decrease, however, the current iy; and iz3
continue to increase.
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the case: 0 < DT <T/3 the case: T/3 < DT < 2T /3 the case: 2T/3 < DT < T

Fig. 3. Different cases of the three-phase interleaved DC-DC boost converter

The previous analysis is applied to all different intervals of each case according to switching
patterns of each subinterval. Table 3 summarizes the switching pattern, duty ratio and input
current slope sign for each subinterval. Where ﬁ, ﬁ, and S3 are S 1, §2 and $3 compliments,
respectively.

Table 3 can be simplified using a truth table and transformed into a pseudocode to estimates
the input current slope sign S7, based on the duty ratio and switching pattern, as shown in Fig. 4:
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Table 3. Sign analysis of the input current

Duty ratio Switching pattern Input current slope sign
St §2 83
1 ST s2 S3 Positive
0<D=<3 ST 52 83
S1 S2 S3 Negative
St s2 83
S1 S§2 S3 Positive
1 2 ST S$2 83
3°P<3 s1 52 53
SI $2 S3 Negative
ST S2 3
S1S2 S3 Positive
2 ST S2 $3
3<b<l sl §2 53 Negative
ST S2 3

if (D>0 AND D < 1/3) then
spv < S1 OR S2 OR S§3

elseif (D >2/3 AND D < 2/3) then
spv « (S1 AND S2) OR (S1 AND S3) OR (52 AND S3)

elseif (D >2/3 AND D < 1) then
spv < S1 AND S2 AND S§3

end if
if (spv) then

87, « Positive
else

S, < Negative
end if

Fig. 4. Pseudocode for estimating the input current slope sign

3.2. Open-circuit switch fault detection algorithm

The fault detection method published in [18] is capable of detecting open-switch faults in
interleaved DC—DC converters, but it requires three current sensors for a three-phase IBC, which
is not cost-effective. To avoid increasing costs and complexity, the proposed fault detection
algorithm depends on the input current waveform as a fault indicator and does not require any

additional sensors in the system.

As seen in Fig. 5, when a fault occurs in switch 72 (at time T ) the inductor current iy,
continues to decrease until it reaches zero even while S2 is ON. This will have an impact on the
input current {7, and cause it to decrease when it should be increasing.
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Fig. 5. Currents and gate signals after an open-switch fault occurrence in 72

The proposed fault detection algorithm uses the pseudocode shown in Fig. 4 to estimate the
input current slope sign S, and compares it with the actual measured input current slope sign
S;. If the two signals S7; and S;,, differ, the algorithm determines whether a fault has occurred.
The actual measured input current slope sign S;z will be delayed in comparison to the estimated
input current slope sign S7; due to the power switches, sensors delays, and dead times, therefore
a counter signal “g” is introduced to avoid false fault detections.

The counting time N must be greater than the total delay time 74:

N-T,>Ty, (D

where T is the sampling period.

Nevertheless, even while the analysis of S7;, and S;; signals difference can detect faulty
operations, it is insufficient to identify and locate the faulty switch 72. To locate the faulty switch,
the whole switching period 7 must be analyzed and the error counter signal ¢ is divided into three
intervals (number of phases) for each switching period:

. . . 1
— &1: The error counter signal for the first interval is under §T;

— &7: The error counter signal for the second interval is between §T and §T;

. o . 2
— &3: The error counter signal for the third interval is between —T and 7.
For example, the previous open-switch fault in 72 can be identified and located when the duty
o 1 . . N
ratio is between — and —, and the error counter signal is greater than the counting time N for both

the second and third intervals (¢, = N and €3 > N).
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Table 4 lists the criteria for each power switch failure based on the duty ratio and error counter
signals.

Table 4. Fault identification and localization criteria based on duty ratio and error signals

Duty ratio Error signal criteria Faulty switch
g1 >N T1
0<D< % ey >N T2
e3> N T3
g1 2N AND ¢ >N T1
%<D<§ gy >N AND &3 > N T2
e3>N AND ¢ > N T3
e3> N T1
% <D<1 g1 =N T2
g >N T3

Figure 6 shows the fault identification and localization pseudocode, where F1, F2, and F3
are the fault diagnostic variables for an open-switch fault in 7’1, 72, or T3, respectively:

if (D>0 AND D < 1/3) then
Fl—g =N
F2—¢e >N
F3«— & >N

elseif (D >2/3 AND D <2/3) then
Fl—g >N AND & >N
F2—¢& >N AND & >N
F3«—&e3>N AND ¢ >N

elseif (D >2/3 AND D < 1) then
Fleg&g >N
F2—¢g =N
F3—& >N

end if

Fig. 6. Pseudocode for fault identification and localization

Figure 7 shows the proposed open-switch switch fault detection algorithm block diagram. The
actual measured input current slope sign S;;, is calculated by passing the input current derivative
via a sign block. This algorithm depends on the input current iy, and therefore does not require
additional sensors in the system, which is intriguing because additional sensors can impact the
system reliability, cost, and weight. The error counter signals are reset at the start of each switching
period. The algorithm can detect faulty switch after one switching period, however, an additional
switching period would be required for fault detection if the fault occurred later in the analyzed
period. As a result, the minimum time for fault detection can be lower than one phase switching
period and the maximum detection time is lower than two switching periods. The interleaved
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DC-DC buck converter can use this fault detection approach also since it has the same waveform
as that seen in Fig. 5.

T
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Fig. 7. Open circuit switch fault detection algorithm block diagram

3.3. Fault-tolerant control

Figure 8 shows the fault tolerant topology with redundancy for the PV system under study.
The fault tolerant topology is achieved by connecting a redundant switch to each phase of the
interleaved converter via a triac. In the event of a power switch failure in the interleaved DC-DC
converter, the fault detection algorithm detects and locates the faulty switch and replaces it with
the redundant switch 7r and activate the corresponding triac of the faulty switch phase. Moreover,
the switching signal of the faulty switch is applied to the redundant switch.
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> YYYYY F:
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> compensation [
: Sz
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Fig. 8. Fault tolerant topology block diagram

4. Results and discussion

The PV system is developed and simulated using the Simscape Power Systems toolbox in
the MATLAB/SIMULINK environment to validate the reliability of the proposed fault detection
algorithm and fault tolerant control, as shown in Fig. 9. The control and fault detection algorithms
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were written using “C” programming language. The simulation sampling period is set to 1 ps
and the error threshold N is set to 30. The MPPT control technique sampling time is set to 1 ms
with a 0.005 step size.

As seen in Fig. 10, the solar irradiation varies between 200 W/m? and 1000 W/m?.

1200 ‘
1000 -
~ L _
g 800
S 600 1
o 400

200 1

0 ! ! ! ! !
0 0.5 1 1.5 2 2.5 3

time [s]

Fig. 10. Solar irradiation

In Fig. 11, the PV output current i, voltage v,,,, power p,, and the duty ratio are shown.
These obtained results demonstrate that the PV system is extracting the maximum amount of
power from the PV array, which confirms that the P&O MPPT control is operating appropriately.
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Fig. 11. PV system output current, output voltage, output power and duty ratio

Figure 12 shows the PV system output results when an open-switch fault occurs in switch 72 at

1 2 (1 2
t = 0.6 s without the fault tolerant control for a duty ratio values between 3 and 3 (5 <D< 5)
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As can be seen, after an open switch fault, the inductor current iy, continues to decrease until it
reaches zero resulting in a significant ripple increase to the input current iz . The inductor current
ir3 is increasing to compensate for the decrease in the inductor current iy ,. Consequently, the PV
output current, voltage, and power also experience an increase in ripple. Nevertheless, despite
these ripples, the system continues to function and quickly recovers to its maximum power point,
as indicated by the transition in duty ratio.
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Fig. 12. Simulation results of open-switch fault occurrence in 72 without fault tolerant control for 3 <D< 3

Figures 13, 14 and 15 show the fault detection algorithm signals when an open-switch fault

occurs in switch 72 at r = 0.6 s for different duty ratio values (D < 33 <D< 3 and D > 3

1
respectively). The fault is detected after 95 ps for a duty ratio lower than —, when the error counter
signal for the second interval is greater than the counting time &, > 30 (as shown in Fig. 13). As
can be seen in Fig. 14, the fault is detected after 162 ps for a duty ratio between — and 3 when

the error counter signals for the second and third intervals are greater than the counting time
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2
(¢2 = 30 and &3 > 30). For a duty ratio of more than 3 the fault is detected after 233 ps, when

the error counter signal for the first intervals is greater than the counting time £; > 30 (as seen in
Fig. 15). The minimum time for fault detection is lower than one switching period (200 ps) and
the maximum detection time is lower than two switching periods (400 ps).

These obtained results demonstrate the efficiency of the fault-detection algorithm under
different scenarios and for different duty ratio values.

Figure 16 shows the PV system output results under the same open-switch fault as in Fig. 12
when the proposed fault-tolerant control is implemented. These results demonstrate that the PV
system continues to function normally after a brief transient. As can be seen in Fig. 14, the fault
is detected at # = 0.600162 s, which is 162 ps after the fault has occurred and lower than one
switching period (one switching period is 200 ps for 5 kHz switching frequency). The fault is
detected when the error counter signals for the second and third intervals are greater than the
counting time (g2 > 30 and &3 > 30), which corresponds to the criteria for power switch failure

1 2
in T2 for a duty ratio between 3 and 3 specified in Table 4.
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Fig. 16. Simulation results of open-switch fault occurrence in 72 with fault tolerant control for 3 <D< 3
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5. Conclusions

This paper has presented an open-switch fault detection algorithm for a three-phase interleaved
DC-DC boost converter in a photovoltaic system. The fault detection algorithm depends on the
input current slope sign, and therefore does not require additional sensors in the system. The fault
tolerant topology was achieved by connecting a redundant switch to each phase of the interleaved
converter via a triac. The obtained results show that the PV system can continue to function
normally even after an open-switch fault occurs, demonstrating the viability of the proposed
fault detection algorithm and fault tolerant control. In further research, it might be possible to
enhance the fault tolerant control by readapting the interleaved converter to use only healthy
phases. Further experimental tests would help us to verify the proposed fault detection algorithm
and fault-tolerant control.

References

[1] Bose B.K., Global warming: energy, environmental pollution, and the impact of power electronics,
IEEE Industrial Electronics Magazine, vol. 4, no. 1, pp. 6-17 (2010), DOI: 10.1109/MIE.2010.935860.

Bevrani H., Ghosh A., Ledwich G., Renewable energy sources and frequency regulation: survey
and new perspectives, IET Renewable Power Generation, vol. 4, no. 5, pp. 438457 (2010), DOI:
10.1049/iet-rpg.2009.0049.

Bhatnagar P., Nema R.K., Maximum power point tracking control techniques: State-of-the-art in
photovoltaic applications, Renewable and Sustainable Energy Reviews, vol. 23, pp. 224-241 (2013),
DOI: 10.1016/j.rser.2013.02.011.

Seddjar A., Kerrouche K.D.E., Wang L., Simulation of the proposed combined Fuzzy Logic Control
Sfor Maximum Power Point Tracking and Battery Charge Regulation used in CubeSat, Archives of
Electrical Engineering, vol. 69, no. 3, pp. 521-543 (2020), DOI: 10.24425/aee.2020.133916.

[5] Ding K., Bian X.-G., Liu H.-H., Peng T., A MATLAB-simulink-based PV module model and its
application under conditions of nonuniform irradiance, IEEE Trans. Energy Convers., vol. 27, no. 4,
pp- 864-872 (2012), DOIL: 10.1109/TEC.2012.2216529.

[6] HazemH., AmrM., Wagdi R.A., A performance analysis of a hybrid golden section search methodology

and a nature-inspired algorithm for MPPT in a solar PV system, Archives of Electrical Engineering,

vol. 68, no. 3, pp. 611-627 (2020), DOIL: 10.24425/aee.2019.129345.

Elbarbary Z.M.S., Alranini M. A., Review of maximum power point tracking algorithms of PV system,

Frontiers in Engineering and Built Environment, vol. 1, no. 1, pp. 68-80 (2021), DOI: 10.1108/FEBE-

03-2021-0019.

Benyahia N. et al., MPPT controller for an interleaved boost dc-dc converter used in fuel cell electric

vehicles, International Journal of Hydrogen Energy, vol. 39, no. 27, pp. 15196-15205 (2014), DOI:

10.1016/j.ijhydene.2014.03.185.

Farhani S. et al., Design and practical study of three phase interleaved boost converter for fuel cell

electric vehicle, Journal of Power Sources, vol. 497 (2020), DOI: 10.1016/j.jpowsour.2020.228815.

[10] Hua-WuL., Hong-Xing M., Jian-Feng J., Xi-Jun Y., Xing-Hua Y., An EL-model based passivity control
of four-phase interleaved PFC, Archives of Electrical Engineering, vol. 62, no. 4, pp. 613-628 (2013),
DOI: 10.2478/aee-2013-0049.

[11] Somkun S., Sirisamphanwong C., Sukchai S., A DSP-based interleaved boost DC-DC converter for
fuel cell applications, International Journal of Hydrogen Energy, vol. 40, no. 19, pp. 6391-6404 (2015),
DOI: 10.1016/j.ijhydene.2015.03.069.

[2

—

13

—

[4

—

[7

—

[8

—

[9

—


https://doi.org/10.1109/MIE.2010.935860
https://doi.org/10.1049/iet-rpg.2009.0049
https://doi.org/10.1016/j.rser.2013.02.011
https://doi.org/10.24425/aee.2020.133916
https://doi.org/10.1109/TEC.2012.2216529
https://doi.org/10.24425/aee.2019.129345
https://doi.org/10.1108/FEBE-03-2021-0019
https://doi.org/10.1108/FEBE-03-2021-0019
https://doi.org/10.1016/j.ijhydene.2014.03.185
https://doi.org/10.1016/j.jpowsour.2020.228815
https://doi.org/10.2478/aee-2013-0049
https://doi.org/10.1016/j.ijhydene.2015.03.069

676

N

www.czasopisma.pan.pl ?@ www journals.pan.pl

B. Boudjellal, T. Benslimane Arch. Elect. Eng.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

Zhang B., Hong D., Wang T., Zhen Z., Wang D., A novel two-phase interleaved parallel bidirectional
DC/DC converter, Archives of Electrical Engineering, vol. 70, no. 1, pp. 219-231 (2021), DOI:
10.24425/aee.2021.136063.

Dhople S.V., Davoudi A., Dominguez-Garcia A.D., Chapman P.L., A unified approach to reliability
assessment of multiphase DC—DC converters in photovoltaic energy conversion systems, IEEE Transac-
tions on Industrial Electronics, vol. 27, no. 2, pp. 739-751 (2012), DOI: 10.1109/TPEL.2010.2103329.

Petrone G., Spagnuolo G., Teodorescu R., Veerachary M., Vitelli M., Reliability issues in photovoltaic
power processing systems, IEEE Transactions on Industrial Electronics, vol. 55, no. 7, pp. 2569-2580
(2008), DOI: 10.1109/TIE.2008.924016.

Lu B., Sharma S.K., A literature review of IGBT fault diagnostic and protection methods for power
inverters, IEEE Transactions on Industry Applications, vol. 45, no. 5, pp. 1770-1777 (2009), DOI:
10.1109/TIA.2009.2027535.

Rothenhagen K., Fuchs EW., Performance of diagnosis methods for IGBT open circuit faults
in voltage source active rectifiers, 2004 IEEE 35th Annual Power Electronics Specialists Con-
ference (IEEE Cat. No.04CH37551), Aachen, Germany, vol. 6, pp. 4348-4354 (2004), DOI:
10.1109/PESC.2004.1354769.

Nie S., Pei X., Chen Y., Kang Y., Fault diagnosis of pwm dc—dc converters based on magnetic
component voltages equation, IEEE Transactions on Power Electronics, vol. 29, no. 9, pp. 4978-4988
(2014), DOI: 10.1109/TPEL.2013.228388]1.

Boudjellal B., Benslimane T., Open-switch fault-tolerant control of power converters in a grid-
connected photovoltaic system, International Journal of Power Electronics and Drive Systems, vol. 7,
no. 4, pp. 1294-1308 (2016), DOIL: 10.11591/ijpeds.v7.i4.pp1294-1308.

Chen D., Liu Y., Zhang S., Fault diagnosis of T-type three-level inverter based on bridge voltages,
Archives of Electrical Engineering, vol. 70, no. 1, pp. 73-87 (2021), DOI: 10.24425/aee.2021.136053.
Ribeiro E., Cardoso A., Boccaletti C., Open-Circuit Fault Diagnosis in Interleaved DC-DC Con-
verters, IEEE Transactions on Power Electronics, vol. 29, no. 6, pp. 3091-3102 (2014), DOIL:
10.1109/TPEL.2013.227238]1.

Shahbazi M., Jamshidpour E., Poure P., Saadate S., Zolghadri M., Open- and Short-Circuit Switch Fault
Diagnosis for Nonisolated DC-DC Converters Using Field Programmable Gate Array, IEEE Transac-
tions on Industrial Electronics, vol. 60, no. 9, pp. 41364146 (2013), DOI: 10.1109/TIE.2012.2224078.
Ambusaidi K., Pickert V., Zahawi B., New circuit topology for fault tolerant H-bridge DC-DC con-
verter, IEEE Transactions on Industrial Electronics, vol. 25, no. 6, pp. 1509-1516 (2010), DOI:
10.1109/TPEL.2009.2038217.

Kim S.Y., Nam K., Song H.S., Kim H.G., Fault diagnosis of a ZVS DC-DC converter based on DC-
link current pulse shapes, IEEE Transactions on Industrial Electronics, vol. 55, no. 3, pp. 1491-1494
(2008), DOI: 10.1109/TIE.2007.910627.

Sheng H., Wang F., Tipton IV C.W., A fault detection and protection scheme for three-level dc—dc
converters based on monitoring flying capacitor voltage, IEEE Transactions on Power Electronics,
vol. 27, no. 2, pp. 685-697 (2012), DOI: 10.1109/TPEL.2011.2161333.

Zhang B., Ping S., Long Y., Jiao Y., Wu B., Research on topology of a novel three-phase four-leg
fault-tolerant NPC inverter, Archives of Electrical Engineering, vol. 71, no. 2, pp. 489-506 (2022),
DOI: 10.24425/aee.2022.140724.


https://doi.org/10.24425/aee.2021.136063
https://doi.org/10.1109/TPEL.2010.2103329
https://doi.org/10.1109/TIE.2008.924016
https://doi.org/10.1109/TIA.2009.2027535
https://doi.org/10.1109/PESC.2004.1354769
https://doi.org/10.1109/TPEL.2013.2283881
https://doi.org/10.11591/ijpeds.v7.i4.pp1294-1308
https://doi.org/10.24425/aee.2021.136053
https://doi.org/10.1109/TPEL.2013.2272381
https://doi.org/10.1109/TIE.2012.2224078
https://doi.org/10.1109/TPEL.2009.2038217
https://doi.org/10.1109/TIE.2007.910627
https://doi.org/10.1109/TPEL.2011.2161333
https://doi.org/10.24425/aee.2022.140724

	Bilal Boudjellal, Tarak BenslimaneStudy of an open-switch fault detection algorithm for a three-phase interleaved DC–DC boost converter in a photovoltaic system
	Introduction
	Systems configuration
	Fault diagnostic method
	Three-phase interleaved DC–DC boost converter analysis
	Open-circuit switch fault detection algorithm
	Fault-tolerant control

	Results and discussion
	Conclusions


