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A Novel 7-Level Inverter Topology for 
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Drive
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Abstract :  The Multilevel inverters are used to obtain high output power from medium voltage sources. in this 
paper a new topology of multilevel inverter is proposed. The importance of the converters will enhance if it 
connects to a drive. So, this inverter is connected to an induction motor to observe the dynamic performance. 
the induction motor is modeled in MATLAB SIMULINK. Before going to connect a drive the inverter circuit 
is analyzed with a simple resistive load, it was continued with the induction motor to work in open loop as 
well as closed loop operation to know the operation of the motor. Output voltages of inverter, currents, speed, 
torque and fl ux waveforms in open loop and closed loop operations of the system are presented in this paper.
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1. INTRODUCTION
Now-a-days researchers are mostly interested in multilevel inverters due to the advantages of 

capability to operate at high switching frequency, less distortion output, lower switching losses and high 
effi ciency compared to conventional inverters. In present scenario many industries requires high powers. 
Multilevel inverters are the inverters which are introduced as an alternative to both high and medium 
voltage conditions.

In industries the squirrel cage induction motor is mostly used. These motors are used as primary 
movers for loads which require high starting torques. The speed control in these motors can be achieved 
because of the resistors present in it. In these motors there are no slip rings; as a result the losses are less 
and has high effi ciency compared to the slip ring induction motors.

2.  PROPOSED TOPOLOGY
 This proposed topology consists of a number of elementary circuits in its construction. The elementary 

circuit consists of two switches and a single DC source. The elementary circuit is shown below. 

Fig. 1. Elementary Circuit.
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In the above circuit when the switch S1 is closed and switch S2 is open then the output obtained is ‘0’. 
When switch S1 is open and S2 is closed then the output obtained is Vdc.

This is the proposed design for output of 7 levels of phase voltage and 5 level line voltages

Fig. 2. Proposed Tropology.

Switching states of proposed topology :
Table 1.

3. DESIGNING OF INDUCTION MOTOR BY MATHEMATICAL EQUATIONS

The motor equations with respect to d and q axis of the stator and rotor are
 Vds = RsIds + Pds – qs ds = LsIds + LmIdr

 Vqs = RsIqs + Pqs + qs qs = LsIqs + LmIqr

 Vdr = RrIdr + Pdr – ( – r)qs  dr = LrIdr + LmIds

 Vqr = RrIqr + Pqr + ( – r)qr  qr = LrIqr + LmIds

From the above equations the current equations are derived and used in the simulation.Torque and 
rotor speed Equations of induction motor

 Te = 
3 L [I I – I I ]
2 2 m dr qs ds qr

p
´ ´

 Te – TL = JPr + Br

The transformation block is used because in dq transformation mutual inductance will not be 
present and the equations will be simplifi ed. The induction motor is modeled and simulated in MATLAB 
SIMULINK.
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4. OPEN LOOP OPERATION 
The inverter output is given to the induction motor. The torque and speed waveforms are obtained. 

The rated load torque is applied in the induction motor madelling. The waveforms are obtained using 
matlab/simulink software.

The block diagram is as shown below 

Fig. 3.

5. CLOSED LOOP OPERATION
The difference between the reference speed and the speed of the motor is given to controller. The 

output Te
* is given to the limiter as shown in the fi gure. The slip speed is added with the rotor speed 

in order to obtain the synchronous speed. A gain is multiplied to convert it to FS which is given to the 
switches of the inverter .the output of the inverter is given to the motor. The closed loop operation is as 
shown below.

Fig. 4.

6. RESULTS AND DISCUSSION
The outputs of the proposed inverter are below
Phase voltages of the inverter 

Fig. 5.
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Line voltages of the inverter

Fig. 6.

The modeled induction motor is as shown 

Fig. 7.

The outputs of the induction motor when TL is applied 0.

Fig. 8.

The TL is applied when t = 2sec.

Fig. 9.
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 The outputs of the open loop operation are as below. The speed and torque waveforms obtained when 
TL is not applied are:

 

Fig. 10.

When TL is applied the waveforms obtained are :

Fig. 11.

The closed loop operation waveforms are:

The speed and torque waveforms when TL is not applied are:

Fig. 12.
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 The speed and torque waveforms when TL is applied at t = 2sec are:

Fig. 13.

7. CONCLUSION

This paper presented a new topology for designing of multilevel inverter. This new topology has 
the advantages like the number of switches used in this topology is reduced to half when compared 
to the cascaded multilevel inverter. As a result the controlling of the system becomes easier, cost 
reduces and overall weight of the system also reduces. The multilevel inverter is simulated by using 
PWM. The inverter output has seven level phase voltages and fi ve level line voltages. This output of 
this inverter is given to the induction motor. The motor outputs are obtained in both open loop and 
closed loop speed control operation. The simulation is done in MATLAB SIMULINK and the results 
are presented in this paper.

Nomenclature:
 r Rotor Speed
 TL Load Torque
 Ls Stator self-inductance
 Lm stator mutual-inductance
 Lr rotor self-inductance
 Vds d-axis Stator Voltage with stationary frame
 Vqs q-axis Stator Voltage with stationary frame
 ds d-axis Stator fl ux with stationary frame
 qs q-axis Stator fl ux with stationary frame
 dr d-axis Rotor fl ux with stationary frame
 qr q-axis Rotor fl ux with stationary frame
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