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ABSTRACT: Earlier studies have pointed out the limitations of conventional inverters, especially in high-voltage and 

high-power applications. In recent years, multilevel inverters are becoming increasingly popular for high-power 

applications due to their improved harmonic profile and increased power ratings. Several studies have been reported in 

the literature on multilevel inverters topologies, control techniques, and applications. However, there are few studies 

that actually discuss or evaluate the performance of induction motor drives associated with single-phase multilevel 

inverter. This paper presents then a comparison study for a cascaded H-bridge multilevel direct torque control (DTC) 

induction motor drive. In this case, symmetrical and asymmetrical arrangements of five and seven-level H-bridge 

inverters are compared in order to find an optimum arrangement with lower switching losses and optimized output 

voltage quality. The carried out experiments show that an asymmetrical configuration provides nearly sinusoidal 

voltages with very low distortion, using less switching devices. Moreover, torque ripples are greatly reduced 
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I. INTRODUCTION 

 

 MULTILEVEL voltage-source inverters are intensively studied for high-power applications and standard 

drives for medium-voltage industrial applications have become available. Solutions with a higher number of output 

voltage levels have the capability to synthesize wave-forms with a better harmonic spectrum and to limit the motor 

winding insulation stress. However, their increasing number of devices tends to reduce the power converter overall 

reliability and efficiency. On the other hand, solutions with a low number of levels either need a rather large and 

expensive LC output filter to limit the motor winding insulation stress, or can only be used with motors that do 

withstand such stress. The various volt-age stages have been chosen after considering the real-power contribution of the 

highest voltage stage. The maximum power supplied by highest voltage stage is maintained below the load power. 

 

   Many studies have been conducted toward improving multilevel inverter. Some studies dealt with innovative 

topologies, such as cascaded multilevel inverter, to optimize the components utilization and the asymmetrical 

multilevel inverter to improve the output voltage resolution. Other studies focused on developing advanced control 

strategies or upgrading the voltage-source inverter strategies for implementation in multilevel inverter. 

  In symmetrical multilevel inverter, all H-bridge cells are fed by equal voltages, and hence all the arm cells 

produce similar output voltage steps. However, if all the cells are not fed by equal voltages, the inverter becomes an 

asymmetrical one. In this inverter, the arm cells have different effect on the output voltage. Other topologies are 

possible, such as the neutral point clamped fed by unequal capacitors. 

 

        Asymmetrical multilevel inverter has been recently investigated. In all these studies, H-bridge topology has been 

considered and a variety of selection cascaded cell numbers and dc-sources ratios have been adopted. The suggested 

pulse width-modulation strategy that maintains the high-voltage stage to operate at low frequency limits the source-

voltage selection. 
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 One of the methods that have been used by a major multilevel inverter manufacturer is direct torque control (DTC), 

which is recognized today as a high-performance control strategy for ac drives. Several authors have addressed the 

problem of improving the behavior of DTC ac motors, especially by reducing the torque ripple. Different approaches 

have been proposed. Although these approaches are well suit-able for the classical two-levels inverter, their extension 

to a greater number of levels is not easy. Throughout this paper, a theoretical background is used to design a strategy 

compatible with hybrid cascaded H-bridge multilevel inverter; symmetrical and asymmetrical configuration was 

implemented and com-pared. 

 

II. MULTILEVEL INVERTER 

 

 In the last few years, the necessity of increasing the power quality enhancement in industry has sustained the 

continuous development of multilevel- inverters due to high efficiency with low switching frequency control method. 

The inverter is a semiconductor device which is used to convert the fixed DC voltage into symmetrical AC voltage 

without changing the magnitude.  

 

 To improve the power quality (AC) from the inverter output by performing the power conversion in small 

voltage steps resulted in lower harmonics. The output voltage on the AC side can take several discrete levels of equal 

magnitude. The harmonic content of this output voltage waveform is greatly reduced, if compared with a two level 

voltage wave form (inverter). This method is called as multilevel inverter. Multi level power inverters employ power 

semiconductor switches in the inverter to select one or more of multi DC voltage source to create staircase voltage 

waveform at the inverter output. In the multilevel inverter the output voltage is in the form of stepped waveform, so 

that the harmonics will be reduced and thereby increase the voltage gain and power quality of the output AC from the 

MLI. 

 

 

III. CIRCUIT DIAGRAM 

 

 
 

IV. CASCADED H-BRIDGES STRUCTURE AND OPERATION 

 

  The cascaded H-bridge inverter consists of power conversion cells, each supplied by an isolated dc source on 

the dc side, which can be obtained from batteries, fuel cells, or ultra capacitors [15]–[17], and series-connected on the 

ac side. The advantage of this topology is that the modulation, control, and protection requirements of each bridge are 

modular. It should be pointed out that, unlike the diode-clamped and flying-capacitor topologies, isolated dc sources 

are required for each cell in each phase. 
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  Research is being conducted that combines the cascaded inverter design with the diode-clamped design. Such 

a configuration shows promise in using only one DC power source. Theory indicates that this configuration could 

produce seven voltage levels. 

 

The concept of this inverter is based on connecting H-bridge inverters in series to get a sinusoidal voltage output. The 

output voltage is the sum of the voltage that is generated by each cell. The number of output voltage levels are 2n+1, 

where n is the number of cells. The switching angles can be chosen in such a way that the total harmonic distortion is 

minimized. One of the advantages of this type of multilevel inverter is that it needs less number of components 

comparative to the Diode clamped or the flying capacitor, so the price and the weight of the inverter is less than that of 

the two former types. Fig. 5 shows an n level cascaded H-bridge multilevel inverter. The switching angles calculation 

method that is used in this inverter is the same as for the previous multilevel inverters.  

 An n level cascaded H-bridge multilevel inverter needs 2(n-1) switching devices where n is the number of the 

output voltage level. 

 
Fig 1.One phase of a cascaded H-bridge multilevel inverter 

 

 
Table1. Comparison of Multilevel Inverters 
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IV. DIRECT TORQUE CONTROL 

 

 Direct torque control (DTC) is one method used in variable frequency drives to control the torque (and thus 

finally the speed) of three-phase AC electric motors. This involves calculating an estimate of the motor's magnetic flux 

and torque based on the measured voltage and current of the motor. 

 

               Stator flux linkage is estimated by integrating the stator voltages. Torque is estimated as a cross product of 

estimated stator flux linkage vector and measured motor current vector. The estimated flux magnitude and torque are 

then compared with their reference values.  

 

If either the estimated flux or torque deviates from the reference more than allowed tolerance, the transistors of the 

variable frequency drive are turned off and on in such a way that the flux and torque will return in their tolerance bands 

as fast as possible. Thus direct torque control is one form of the hysteresis or bang-bang control. 

This control method implies the following properties of the control: 

 Torque and flux can be changed very fast by changing the references  

 High efficiency & low losses - switching losses are minimized because the transistors are switched only when 

it is needed to keep torque and flux within their hysteresis bands. 

 The step response has no overshoot  

 No coordinate transforms are needed, all calculations are done in stationary coordinate system  

 No separate modulator is needed, the hysteresis control defines the switch control signals directly  

 There are no PI current controllers. Thus no tuning of the control is required  

 The switching frequency of the transistors is not constant. However, by controlling the width of the tolerance 

bands the average switching frequency can be kept roughly at its reference value. This also keeps the current and torque 

ripple small. Thus the torque and current ripple are of the same magnitude than with vector controlled drives with the 

same switching frequency.  

 Due to the hysteresis control the switching process is random by nature. Thus there are no peaks in the current 

spectrum. This further means that the audible noise of the machine is low  

 The intermediate DC circuit's voltage variation is automatically taken into account in the algorithm (in voltage 

integration). Thus no problems exist due to dc voltage ripple (aliasing) or dc voltage transients  

 Synchronization to rotating machine is straightforward due to the fast control; Just make the torque reference 

zero and start the inverter. The flux will be identified by the first current pulse  

 Digital control equipment has to be very fast in order to be able to prevent the flux and torque from deviating 

far from the tolerance bands. Typically the control algorithm has to be performed with 10 - 30 microseconds or shorter 

intervals. However, the amount of calculations required is small due to the simplicity of the algorithm  

 The current measuring devices have to be high quality ones without noise because spikes in the measured 

signals easily cause erroneous control actions. Further complication is that no low-pass filtering can be used to remove 

noise because filtering causes delays in the resulting actual values that ruins the hysteresis control  

 The stator voltage measurements should have as low offset error as possible in order to keep the flux 

estimation error down. For this reason the stator voltages are usually estimated from the measured DC intermediate 

circuit voltage and the transistor control signals  

 In higher speeds the method is not sensitive to any motor parameters. However, at low speeds the error in 

stator resistance used in stator flux estimation becomes critical. 
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The direct torque method performs very well even without speed sensors. However, the flux estimation is usually based 

on the integration of the motor phase voltages. Due to the inevitable errors in the voltage measurement and stator 

resistance estimate the integrals tend to become erroneous at low speed. Thus it is not possible to control the motor if 

the output frequency of the variable frequency drive is zero. However, by careful design of the control system it is 

possible to have the minimum frequency in the range 0.5 Hz to 1 Hz that is enough to make possible to start an 

induction motor with full torque from a standstill situation. A reversal of the rotation direction is possible too if the 

speed is passing through the zero range rapidly enough to prevent excessive flux estimate deviation. If continuous 

operation at low speeds including zero frequency operation is required, a speed or position sensor can be added to the 

DTC system. With the sensor, high accuracy of the torque and speed control can be maintained in the whole speed 

range. 

 

V. PROPOSED SOLUTION 

 

Various kinds of existing systems are 

o Flying capacitor multilevel inverter for induction motor drive 

o Diode clamped  multilevel inverter for AC drive systems 

o Five level inverter direct torque control strategies 

o FOC systems 

o Symmetric  multilevel inverter systems 

 

VII. DRAWBACKS 

 

Various kinds of problem find out from the existing     systems are, 

o Flying capacitor and diode clamped type requires large number of components to achieve high voltage and 

also needs isolated DC source for each call in each phase 

o It will produces more torque ripples 

o Five level inverter direct torque control strategies produces high torque pulsation and it is consists of high 

harmonics distortion 

o Number of output voltage level are high when related to other. It needs large number of switching components 

to inverse to the voltage rating 

o Two level inverter produce high THD. 

 

VIII. CONCLUSION 

 

This paper has deal with a hybrid cascaded H-bridge multilevel inverter motor drive DTC control scheme. The main 

achievements of the proposed control method are significant reduction in the torque ripple sinusoidal output voltage 

and current lower switching losses and a high performance torque and flux regulation. The hybrid multilevel enables a 

DTC solution for high power motor devices not only due to the higher voltage capability provided by multilevel 

inverter but also main due to the reduced switching losses and the improved output voltage quality which provides a 

sinusoidal current with an output filter 
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