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Abstract— Multilevel inverter (MI) starts from three level. The poor quality of voltage and current of a Conventional Inverter fed Induction machine is due to the presence of harmonics and hence there is significant level of energy losses. The inverters with large number of steps can generate high quality voltage waveforms. In the proposed scheme, a 3-level Diode Clamped Inverter fed induction motor is simulated using SPWM technique to give the 3-level output voltage with lesser distortion resulting in better drive performance. Also the Hardware circuit is prepared using MOSFET as the switching device and Sinusoidal Pulse Width Modulation (SPWM) for Gate triggering circuit. This generates output voltages with less distortion and lesser dv/dt. The multilevel inverter output has reduced harmonics and higher torque. It also reduces the heat generated in the stator winding of the induction motor. The simulation results reveal that the proposed circuit effectively controls the motor speed and enhances the drive performance through reduction in Total Harmonic Distortion (THD). Keywords— Diode clamped, Multilevel Inverter, Induction motor, SPWM technique, THD.



I. INTRODUCTION The inverters which produce an output voltage or a current with levels either 0 or +/- V are known as two level inverters. In high-power and high-voltage applications, these two-level inverters, however, have some limitations in operating at high frequency mainly due to switching losses and constraints of device rating. This is where multilevel inverters are advantageous. Increasing the number of voltage levels in the inverter without requiring higher rating on individual devices can increase power rating. The unique structure of multilevel voltage source inverter’s allows them to reach high voltages with low harmonics without the use of transformers or series-connected synchronized-switching devices. The harmonic content of the output voltage waveform decreases significantly The concept of multilevel inverter control has opened a new possibility that induction motors can be controlled to achieve dynamic performance equally that of dc motors. The performance of the multilevel inverter is better than a classical inverter.



II. MULTILEVEL INVERTERS A multilevel converter has several advantages over a conventional two-level converter that uses high switching frequency pulse width modulation (PWM). The attractive features of a multilevel converter can be briefly summarized as follows. ● Staircase waveform quality: Multilevel converters not only can generate the output voltages with very low distortion, but also can reduce the dv/dt stresses; therefore electromagnetic compatibility (EMC) problems can be reduced. ● Common-mode (CM) voltage: Multilevel converters produce smaller CM voltage; therefore, the stress in the bearings of a motor connected to a multilevel motor drive can be reduced. Furthermore, CM voltage can be eliminated by using advanced modulation strategies such as that proposed in. ● Input current: Multilevel converters can draw input current with low distortion. ● Switching frequency: Multilevel converters can operate at both fundamental switching frequency and high switching frequency PWM. It should be noted that lower switching frequency usually means lower switching loss and higher efficiency. Unfortunately, multilevel converters do have some disadvantages. One particular disadvantage is the greater number of power semiconductor switches needed. Although lower voltage rated switches can be utilized in a multilevel converter, each switch requires a related gate drive circuit. This may cause the overall system to be more expensive and complex. Some inconvenient features can be derived from the increased number of switching devices and voltage sources which means a more complex control strategy. The continuous price reduction in power electronics components and also in digital signal processors can lead to the extension of multilevel technologies to low power applications. The extra number of devices might not necessarily mean an increment of conduction losses. Finally, among the wide variety of proposed MI circuits, the following classification is the most broadly accepted: diode-clamped, capacitor-clamped (flying capacitors) and cascaded multiple-cells (with separate DC sources). There are three basic multilevel converter topologies: diode clamped, flying capacitor, and cascaded H-
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(IJEECS) International Journal of Electrical, Electronics and Computer Systems. Vol: 02 Issue: 02, June 2011 bridge with separate dc sources. Among these topologies, diode-clamped converters are especially interesting because of their simplicity: the multiple voltage levels are generated passively through a set of series-connected capacitors. The diode clamped inverter provides multiple voltage levels from a series bank of capacitors. The voltage across the switches is only half of the DC bus voltage. These features effectively double the power rating of voltage source inverter for a given semiconductor device. III. PROJECT SCHEME A. Overall Simulation Circuit MATLAB Simulink is used to check the performance of Three-level Inverter. Fig. 1 shows the block diagram of 3Level Inverter Fed Induction Motor. It consists of DC source, 3- level Inverter, Induction motor, Gate pulse generator.



Fig. 2 Three level inverter circuit (Subsystem 1)



C. Gate Pulse for the MOSFET



Fig. 1 Simulink Diagram of Three Level Inverter Fed Induction Motor Fig. 3 Circuit Diagram for supplying Gate pulse to Inverter.



B. Subsystem 1—Three Level Inverter Circuit Fig. 2 shows the 3-level diode-clamped inverter. Ports 4 and 6 are the D.C. supply ports. Port 5 is for neutral. Ports 1, 2 and 3 are the output ports for the inverter. There are 12 MOSFETs in the inverter. Each phase has three MOSFET as shown in the figure. Port 1(g) is for the supply of gate signal.



Fig. 4 shows the circuit diagram for supplying of gate pulse for single leg of three legs of inverter. Each leg of inverter consists of four MOSFETs. For the generation of gate signal, the carrier signal (triangular) and the reference signal (sinusoidal) are compared. The carrier signal has frequency 1 KHz. For m-level inverter, the number of triangular wave is (m-1). So, there are two triangular waves one is upper half and another is lower half which is modulated with sine wave to get the gate signal.
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Fig. 5 Generated Gate Pulse for the MOSFETs of Three-Level Inverter for R-phase. ( 0 degree phase shift )



Fig. 4 Gate triggering pulses for inverter (Subsystem 2)



IV. PULSE WIDTH MODULATION (PWM) The gate pulse for MOSFET 1 and MOSFET 3 are compliment of each other. Similarly, the gate pulse for MOSFET 2 and MOSFET 4 are compliment of each other. Similarly for Y and B phases in which reference wave (sine wave) is 120 and 240 degree phase shift with R-phase which are shown as following



Fig. 6 Generated Gate Pulse for the MOSFETs of Three-Level Inverter for
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Y-phase. (120 degrees phase shift)
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Fig. 7 Generated Gate Pulse for the MOSFETs of Three-Level Inverter for B-phase. (240 degrees phase shift)



Instead of maintaining the width of all pulses the same as in case of Multiple Pulse Width Modulation, the width of each pulse is varied in proportion to the amplitude of a Sine wave evaluated at the centre of the same pulse. The distortion factor and lower order harmonics are reduced significantly. The gating signals are generated by comparing a sinusoidal reference signal with a triangular carrier wave of frequency Fc. The frequency of reference signal Fr, determines the inverter output frequency and its peak amplitude Ar, controls the modulation index M, and rms output voltage Vo. The number of pulses per half cycle depends on carrier frequency.



Fig. 8 shows the complete circuit of Three-Level Inverter with Gate Triggering Circuit. There are two triangular waves one is upper and the other is lower which is modulated with sine wave to get the gate signal. The gate signal generated on modulation with upper triangular and sine wave is given to MOSFET 1 and MOSFET 3. The gate signal of MOSFET 1 and MOSFET 3 are compliment of each other as shown in the above circuit diagram. Similarly the modulation of lower triangular wave and sine wave gives the gate signal for MOSFET 2 and MOSFET 4. The gate signal of MOSFET 2 and MOSFET 4 are compliment of each other as shown in the above circuit diagram. Same procedure of gate signal is done for other phases. The output of the inverter is given to the three phase induction motor as shown in figure.



Fig. 8 Complete Circuit Diagram of Three-Level Inverter with supply of Gate Signal.



V. HARDWARE DESIGN The hardware design for proposed scheme i.e. for ThreeLevel Inverter is given in this chapter. The complete system will consist of two sections, a Power circuit and a Control circuit. The power section consists of 3-phase DiodeClamped Multilevel Inverter. The motor is connected to it. The pure dc voltage is applied to the Three Phase Multilevel Inverter. The Multilevel Inverter has 12 MOSFET switches that are controlled in order to generate an ac output voltage from the DC input voltage. The control circuit of the proposed system consists of three blocks namely gate signal circuit, opto-coupler and gate driver circuit. To drive the power switches satisfactorily the optocoupler and driver circuit are necessary in between the gate signal generator and multilevel inverter. The block Diagram is as shown.
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Fig. 12 Sine Wave Generator circuit



Fig. 9 Basic block diagram



A. Hardware Design of Gate Signal For generation of gate signal there is need of two triangular waves one is upper triangular wave another is lower triangular of frequency 1 KHz. Then a sinusoidal wave of frequency 50 Hz is needed for the modulation. The proposed hardware is as shown:



Fig. 13 Gate Signal Generator circuit



The IC used for generation of gate signal is LM324.



Fig 10 Upper Triangular Wave Generator circuit



Fig. 13 Pin Configuration for LM324



Fig. 11 Lower Triangular Wave Generator circuit
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Fig. 14 General LM324 IC (14 Pin)



B. Complete Hardware Design of Gate Signal.



Fig. 16 Phase Voltage of Three Level Inverter Va, Vb and Vc respectively



B. Line Voltage for 3-Level Inverter



Fig. 15 Breadboard circuit of Gate Signal



Now the generated gate signal is given to optocoupler. Optocoupler is used to break the electrical contact. Through optocoupler, each MOSFET of each leg of inverter is individually triggered. Now the signal from the optocoupler is given to Gate Drive circuit which gives the gate signal of that level which is required for turning on the MOSFET. The voltage level of gate triggering for turning on the MOSFET is nearly 12V to 15V which is given by the Gate Drive circuit.



Fig. 17 The Line Voltage of Three-level Inverter Vab, Vbc and Vca respectively
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C. FFT Analysis



From this observation, we conclude that the Total Harmonic Distortion for a 3-level inverter (35.48 %) is considerably less than that of a conventional 2-level inverter (68.64 %). D. Characteristics of Induction Motor



Fig. 18 shows the FFT analysis for Line Voltages of Three-Level Inverter



The THD percentage is 35.48%. Fig. 20 shows the Stator Current, Rotor Speed and Electromagnetic Torque of Induction Motor respectively.



E. Gate Pulse Output



Fig. 19 FFT analysis for Line Voltage of Two-level Inverter



Fig. 21 Gate Pulse on Modulation of Sine Wave with Lower Triangular Wave
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Fig. 22 Gate Pulse on Modulation of Sine Wave with Upper Triangular Wave
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