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Abstract: Modern day life demands the use of inverters at the point 

of utilization for many of the applications especially for motor 

drives used in industrial applications. Conventional inverters suffer 

from a setback of high harmonics at the output of inverter. Multi-

level inverters produce stepped output nearer to sinusoidal reducing 

the harmonic distortion at the output.  Faults are quite common in 

occurrence in inverters and needs to be identified and mitigated as 

quickly as possible. This paper presents seven-level diode clamped 

multi-level inverter topology with fourth leg for fault mitigation. 

Fourth leg is operated with thyristor based control and gets 

activated from the signals obtained from algorithm. An algorithm 

was given to identify the fault and send activating signals to fourth 

leg of inverter. Fault was internally generated only in phase-A in 

inverter circuits which can be applied the effectiveness of four-leg 

topology to phase-B and phase-C of inverter as like in phase-A. 

Simulation work was carried out and results were obtained using 

MATLAB/SIMULINK software.  

Keywords: Diode Clamped Multi level inverter, open fault, 

mitigation, algorithm, induction motor drive. 
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1. Introduction 

Motor drives a part of industries these days. For almost every application in industries, 

motors are needed. AC and DC motors are the type of motors. DC motors having brushes 

and commutator produces sparks creating additional losses. This makes a way for AC 

motors to be used in industries and also synchronous motors in AC type need additional 

start-up methods to start them. Induction motor which is simple and robust and simple in 

construction having fine speed regulation is widely used motor in industries [1-4]. Speed 

control of motors is needed to fit a particular application and thus needing a speed control 

circuit. Motor with speed control system is called motor drive system. 

Variable speed obtained from variable frequency method in induction motors is 

efficient method to control speed of induction motor [5-12]. To obtain a variable frequency 

to drive induction motor, inverter is a good option. Use of inverter driven induction motors 

are increasing day by day. A conventional inverter produces output containing large 

disturbances due to presence of harmonics. This harmonics might affect the motor 

performance. Presence of harmonics demand additional bulky filters to smoothen the 

output of inverter for satisfactory performance of motor drive which in turn increases the 

overall system cost. Multi-level inverters can be a good solution to this problem producing 

a nearer sinusoidal output in stepped-form containing low harmonic distortions. Faults are 

more in occurrence in inverter circuits and need to be identified and mitigated as soon as 

possible [13-14]. Almost 70% of faults are open type of faults and the same fault condition 

was considered in this paper for the mitigation. 

A seven-level diode clamped inverter topology was considered in this paper for 

induction motor drive. A four-leg topology of diode clamped inverter was developed over 

conventional diode clamped inverter for fault mitigation. Fourth leg was driven by a 

thyristor based circuit to which activating signals were obtained from an algorithm for fault 

identification and mitigation. This algorithm identifies the fault (open type of fault 

considered in this paper) and if fault is identified, immediately algorithm sends activating 

signal to the thyristor circuit, this thyristor circuit stimulates the fourth-leg of diode 

clamped inverter. When fault was identified, fourth leg replaces the faulty phase and the 

diode clamped inverter operates under normal operation as if no fault  
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Fig .1: Seven-level four-leg Inverter with induction motor. 
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2. Multi-level four-leg topology 

      The power industry has shown a great interest in multi-level inverters recently, 

primarily due to the growing demand for power. Unlike conventional two-level converters 

that provide a two-level output matching the input DC bus voltage, multi-level inverters 

offer stepped output levels that resemble a sinusoidal waveform. This increase in levels 

helps to reduce total harmonic distortion. Additionally, multi-level inverters allow for the 

adjustment of voltage and frequency. 

The diode clamped multi-level inverter utilizes clamping devices, with diodes serving 

as these devices. The configuration proposed, depicted in Figure 1, is a seven-level four-leg 

inverter that incorporates an additional fourth leg to a conventional three-leg inverter. This 

fourth leg becomes operational when a fault is detected in the inverter circuit. Thyristors 

are responsible for its operation, as they send triggering signals to the power electronic 

switches in leg-4. By deactivating the switches in the faulty phase, the faulty leg is 

disconnected from the circuit. Simultaneously, the fourth leg inverter controlled by 

thyristors, it can acts as an active leg to replace the faulty one. As previously mentioned, 

the fourth leg is governed by thyristors, and the algorithm sends active signals to these 

thyristors, which then activate the corresponding switches in leg-4 to function actively in 

place of the faulty phase. The algorithm that triggers the respective thyristors is elaborated 

in the subsequent section. 

3. Algorithm for fault mitigation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig .2: Fault mitigation algorithm. 
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Fig .3: internal algorithm for activating fourth leg. 

In fault mitigating algorithm shown in fig. 2 initially, phase currents in individual 

phases at the output of induction motor were sensed. As the current in open circuit will be 

zero, the read phase currents were sent to compute their values to identify whether the read 

phase currents are non-zero values with amplitude or zero value. The computation of fault 

existence plays a crucial role in the algorithm. If the computed value detects the presence of 

a fault, the signal will be transmitted to the corresponding steps. Additionally, in the 

absence of any faults, the command will be issued to deactivate thyristor groups T1, T2, and 

T3. In the event that the computed value detects a fault in phase A, a command will be sent 

to deactivate the gate pulses to phase A. Subsequently, thyristor group T1 will be activated, 

bypassing the gate pulses from leg 1 to leg 4. Similarly, if a fault is detected in phase B, a 

command will be sent to deactivate the gate pulses to phase B. Then, thyristor group T2 will 

be activated, bypassing the gate pulses from leg 2 to leg 4. Likewise, if a fault is detected in 

phase C, a command will be sent to deactivate the gate pulses to phase C. Subsequently, 

thyristor group T3 will be activated, bypassing the gate pulses from leg 3 to leg 4. The 

internal algorithm for bypassing arbitrary faulty phase gate pulses to leg 4 was shown in 

fig. 4. If fault exists in phase A, the selection switch receives signal and sends active signal 

to OR gate. Similarly if fault exists in phase B, the selection switch receives signal and 

sends active signal to OR gate and the same for phase-C like if fault exists in phase C, the 

selection switch receives signal and sends active signal to OR gate. The OR gate sends 

command to activate leg 4 and thus mitigating the fault. For bypassing gate pulses from 

faulty phase to fourth phase, an internal algorithm to activate fourth leg was given in fig. 3. 

4. Seven-level four-leg topology with fault mitigating algorithm  

Figure 4 illustrates a diode clamped inverter fed induction motor drive with four legs 

and seven levels. The fault existence in the diode clamped inverter is determined by 

sensing and computing the output phase currents. Gate pulses are produced for the four legs 

of the inverter in accordance with the fault mitigation algorithm. In the event of a fault in 

the inverter circuit, the gate pulses to the faulty phase semiconductor switches are turned 

OFF, disconnecting the faulty phase from the main circuit. The gate signals are then 
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redirected to the fourth leg, allowing the inverter to operate normally as if no fault had 

occurred. 
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Fig .4: Proposed model with fault mitigation. 

 

5. MATLAB results and illustrations 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .5: Line voltages in seven-level four-leg inverter fed drive under fault mitigation. 
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Fig .6: Phase voltages in seven-level four-leg inverter fed motor under fault mitigation. 

 

 

 

 

 

 

 

 

 

 

Fig .7: Line currents in seven-level four-leg inverter fed motor under fault mitigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .8: Stator current, speed and torque under fault mitigation. 

 

Figures 5 and 6 depict the line voltages and phase voltages of a proposed seven-level 

four-leg diode clamped inverter fed induction motor with fault mitigation. Figure 7 

showcases the line currents of the induction motor drive. Furthermore, figure 8 presents the 
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induction motor characteristics, including stator current, speed, and torque. At 0.3 seconds, 

a fault was detected, but thanks to the activation of the fourth leg of the diode clamped 

inverter, the fault was promptly resolved. Consequently, the fault was successfully 

mitigated, and the induction motor characteristics returned to their normal state without any 

disruption in the performance of the induction motor drive and phase voltage, even after the 

fault was identified. 

6. Conclusions 

Multi-level inverters proved to be very effective solution delivering quality output with 

less harmonic distortions as compared to conventional inverter. Multi-level inverter fed 

induction motor drives are becoming familiar these days. Faults are occurs very often and 

needs to be mitigated in inverter fed drives. This paper presents seven-level diode clamped 

inverter with four-leg topology for mitigation of faults in inverter. Fault mitigation 

algorithm was explained which drives thyristors connected to fourth leg operation. 

Whenever thyristor circuit is active, drives fourth leg and mitigates the fault by excluding 

faulty phase. Motor characteristics were shown where no disturbances in performance 

curves are observed. Algorithm works satisfactorily in clearing the faults of inverters.  
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