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ABSTRACT 

In this paper, according to the switching states the failure situations can 

be classified into two types as follows failure type I and failure type 

II(F1 and F2) of the multilevel inverters are discussed and the gate 

signals can be reconfigured according to the failure modes. The 

damaged power cell is bypassed and PWM pattern is adjusted such that  

the inverter is able to continue to produce a three-phase balanced line-to-line voltage. The 

reconfiguration method is discussed for discontinuous pulse width modulation (DPWM). This 

reconfiguration method can be extended for other carrier based method also. Balanced 

line-to-line voltage will be achieved with the proposed method when device failure occurs. 

Total harmonic distortion of DPWM is compared with normal operation. 

 

KEYWORDS: Discontinuous pulse width modulation, fault-tolerance, multilevel inverters, 

Total harmonic distortion. 

 

INTRODUCTION 

In high power applications, multilevel inverter structures are used because it have particular 

advantages of operation at high dc-bus voltages. It is achieved by connecting switching devices 

in series and reduction in output voltage harmonics. THD is reduced by switching between 

multiple voltage levels. This increase in switch numbers, increases failure probability and 

thereby decreases reliability. So it is important to study of fault modes and suitable protection 

strategies of multilevel inverter (MLI). To overcome this issue is important but complex due to 
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the high integration and interaction of the system components. 

 

It is necessary to focuses on studies of multilevel inverters on fault-tolerance from different 

perspectives. The topology proposed provides redundancy ability at all voltage levels, which is 

realized by using a proper combination of switching states. When a part of the circuit fails, the 

main function of the circuit can be realized by reconfiguring the pulse width modulation. The 

damaged power cell is bypassed and the space vector PWM pattern is adjusted such that the 

inverter is able to continue to produce a three-phase balanced line-to-line voltage. When a fault 

occurs, the faulted device is bypassed by switching on the additional SCRs in parallel with the 

power semiconductors. 

 

The multilevel inverter considered in this paper is Three-phase Five-level cascaded inverter 

shown in fig. 1. When a power device failure occurs, the gate signals are reconfigured and 

balanced line-to-line voltage will be achieved, without increasing the voltage stress of the 

devices. 

 

 

Fig. 1: Three Phase Cascaded H-Bridge Multilevel Inverter. 

 

The failure situations of multilevel inverters are classified into two types according to their 

relationship between output levels and switching states.  Next, the reconfigurations of the gate 

signals are presented for the discontinuous pulse width modulation (DPWM). Finally, 

simulation results and THD is compared with the normal operation are included in the paper to 

verify the proposed method. 

 

II. Fault Analysis for The Multilevel Inverters 

It is obvious that when a power switch short circuit failure occurs, the source or capacitors 

will discharge through a conducting switch pair, if no protective action is taken. Hence the 
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counterpart of the failed switch must be turned off quickly and properly to avoid system 

collapse due to a sharp current surge. 

 

On the other hand, a power switch open circuit failure will cause a hazard by attempting to 

interrupt the load current, if no protective action is taken. Hence the counterpart of the failed 

switch must be turned on quickly and properly. According to the switching states, these 

failure situations can be classified into two types as follows 

 

1) Failure Type 1 (F1). 

When a positive switch fails open circuit, the negative switch in the same pair must be turned 

on; when a negative switch fails short circuit, the positive switch in the same pair must be 

turned off. These two failure states lead to the loss of the highest output level, i.e.2VDC in the 

five-level phase leg. 

 

2) Failure Type 2 (F2).  

When a positive switch fails short circuit, the negative switch in the same pair must be turned 

off; when a negative switch fails open circuit, the positive switch in the same pair must be 

turned on. These two failure states lead to the loss of the lowest output level, i.e.-2VDC in the 

five-level phase leg. 

 

Using switching state redundancy, the output voltage at intermediate levels can still be 

obtained by choosing the proper switching states when a single switch device fails. Table II 

shows the range of phase voltage levels multilevel inverters can achieve when a single switch 

device fails according to above failure types. Hence the phase voltage can be achieved at a 

reduced modulation index by modifying the reference of the fault pair to satisfy the effective 

region illustrated in Table I. In principle, a large number of modification methods for the fault 

switch reference are feasible as long as the fault switch reference enables the output voltage to 

be in the effective region. 

 

Table 1: Range of phase voltage levels according to switch device failure types. 

Failure situations Output voltage range 

Positive switch open circuit -2VDC ~ VDC 

Positive switch short circuit -VDC ~ 2VDC 

Negative switch open circuit -VDC ~ 2VDC 

Negative switch short circuit -2VDC ~ VDC 

 

Before the circuit reconfiguration is implemented according to the failure types, fault detection 
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is essential. Many fault detection methods have been discussed over the last few years. 

 

III. Simulation Diagram 

Carrier based modulation techniques are widely used in multilevel converters, since 

compared to space vector PWM strategy, this PWM strategy has the distinct advantage of 

ease of implementation. 

 

For the topologies in Fig. 1, the four pulse signals shown in Fig. 2 can be distributed to the 

four switch pairs in any sequence. This characteristic is of great benefit to the reconfiguration 

of the modulation strategy, as follows. 

 

 

Fig. 2: Matlab simulink model. 

 

A. Reconfiguration for F1 Failure Type 

When a F1 case occurs, the effective reference and modulation process become that illustrated 

in Fig. 3. The top (faulty) switch pair ceases switching, while the healthy switch pairs 

continue operation. To deal with this case, DPWMMIN is considered as follows. 
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Fig. 3: Phase A Reference Waveform with its modulation signal. 

 

120 Dpwmmin: (Discontinuous Pulse Width Modulation Minimum) Modulation 

Method 

The 120 DPWMMIN is discontinuous modulation strategy that has the advantages of reduced 

switching loss and wide modulation range. The simulation results for this method when the F1 

fault occurs are illustrated in Fig. 4. 

 

 

Fig. 4: Simulation results of the 120 DPWMMIN method The phase A output voltage, the 

line-to-line voltage. 

 

Fig. 4 shows that with a lower modulation index, the number of voltage levels is reduced from 
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five levels to four levels and one of the switch pairs keeps its positive switch off and its 

negative switch on. So alternatively the modulation strategy can be reconfigured as the 120 

DPWMMIN strategy with low modulation index when an F1 fault occurs. 

 

THD spectrum of phase voltage and line-to-line voltage shown in the fig 5 and fig 6 

respectively. 

 

 

Fig. 5: THD Spectrum For Phase Voltage. 

 

 

Fig. 6: THD Spectrum For Line-Line Voltage. 

 

Table II shows that comparison of modulation index, THD of phase voltage, THD of 

line-to-line voltage and output voltage levels for normal operation and F1 fault operation of 
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five level cascaded multi-level inverter. 

 

Table II: Comparison between Normal Operation And F1 Fault. 

 

 

It is seen that by reducing the modulation index of DPWMMIN technique the gate signals are 

reconfigured and the balanced line-to-line voltage is obtained. THD of F1 fault for line-to-line 

voltage close to the normal operation. 

 

VI. CONCLUSION 

The fault-tolerance potential of multilevel inverter with redundant switching states of the 

cascaded multilevel inverter is considered is here. The failure situations of the multilevel 

inverters are classified into two types according to the relationship between output voltage 

levels and switching states. Using switching state redundancy, the output voltage at 

intermediate levels can still be obtained by choosing the proper switching states when a single 

switch device fails. Comparing discontinuous modulation strategy (120 DPWM) of normal 

operation and fault operation that has the advantages of reduced switching loss and THD, and 

also wide modulation range. But generation of reference waveform is somewhat difficult in 

discontinuous modulation strategy (120 DPWM). This solution presents the disadvantage that 

healthy cells are bypassed and the inverter is not fully utilized. 
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