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Abstract - Connection of  two 2-level inverters at the two ends of an 
open end winding induction motor with equal DC-link voltages is 
equivalent to a conventional 3- level inverter. Better fault tolerance 
and flexibility in controlling is obtained in open-end winding 
machine configuration when compared with a conventional three-
phase neutral connected electric motor. An alternating common 
mode voltage (CMV) is generated at the motor terminals 
because an output from the inverters is given to the motor is 
not a pure sinusoidal. This CMV result in the production of 
common mode current (CMC) which causes many problems in the 
inverter driven motor system. So in order to reduce this CMV a new 
technique called carrier phase shift (CPS) technique is proposed. 
By using this CPS strategy the CMV is reduced 50% by just shifting 
the carrier waves and without using any additional equipment. The 
proposed topology is verified in MATLAB Simulink.   
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I. INTRODUCTION

Redundant structure and high fault tolerant capability are the 
main objectives of recent research works in power electronics. 
And on other side conventional two-level three-phase voltage 
source inverters (VSI) are widely replaced by multilevel 
inverters. Therefore by combining high performance motors 
with multilevel inverters will have better results in industrial 
application. As the number of levels in the multilevel inverter 
increases the circuit complexity and the cost also increases. 
Flying capacitor inverters [1], series-connected H-bridge 
inverters [2], Neutral-point clamped inverters [3] and dual-
inverter fed open-end winding induction motor drives [4] are 
the four basic topologies of multilevel inverters [5] used for 
large induction motor drive applications. 

In a series connected H-bridge topology separate DC supplies 
are required for each phase. Because of this, complexity of the 
circuit increases.  The issues of a capacitor voltage unbalance 

are present in 3-level NPC inverter due to the fluctuations in 
the neutral point voltage [6-7].Due to this unbalance  

in capacitor voltages, voltage stress on the switching devices 
increases and also lower order harmonics are produced 
resulting pulsation in torque. Clamping diodes or any 
additional capacitor banks are required in flying capacitor
multilevel inverter topology [4-8]. All this drawbacks can be 
overcome by using dual-inverter fed open-end winding 
induction motor drives.  

Efficient operation of induction motor drive is obtained when 
pulse width modulated inverters are used [9].But usage of 
PWM inverters result in the production of high frequency and 
high level CMV. This CMV creates bearing currents in the 
motor by electrostatic coupling through parasitic capacitances 
[9–10].Motor leakage currents are also produced due to CMV 
which acts as a source for electromagnetic interference in the 
system [11].This undesirable current results in the failure of 
the motor and also speed up the aging of the motor. So, it is 
very important to reduce the CMV in the motor system. A
new technique called carrier phase shift (CPS) techniques is 
proposed in this paper to reduce the common mode voltage
(CMV). 

II. DUAL INVERTER FED OPEN END WINDING
INDUCTION MOTOR DRIVE 

The open-end winding configuration of the induction motor 
drive is obtained by opening the neutral point of the stator 
winding in a three phase induction motor. The Individual 
windings of each phase will be kept open and the each 
winding terminals a, b, c and a’, b’, c’ are fed with individual 
inverter. It is best suited for high-power applications. This
open-end winding induction motor (OEWIM) configuration 
has a better operation compared to all other multilevel inverter 
configurations [4]. 
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Advantages of OEWIM configuration are: 
By using the conventional two-level inverter as its 

basic block multilevel inversion is achieved. 
Absence of neutral point fluctuations. 

Fig 1 : Dual inverter fed open end winding induction motor drive

. 

Reduced THD value and low dv/dt (leakage 
currents) at output voltages. 
Fault tolerance capability 
Additional zero-sequence compensator circuits are 
not required as zero-sequence components are not 
circulated, when DC links are isolated.  
It has freedom to have two different single 
inverter’s combination. 
The issues of capacitor voltage unbalance are 
absent 
Clamping diodes or any additional capacitor banks 
are not required in OEWIM configuration as in 
flying capacitor multilevel inverter topology. 

The OEWIM drive which is fed by two 2-level inverters with 
equal DC link voltage is shown in the Fig-1.Vao, Vboand Vco 
are the pole voltages of inverter-1 and Va'o, Vb'o and Vc'o are 
the pole voltages of inverter-2.Each two level inverter is 
capable of producing two pole voltages Vdc/2 and 0 
independently. The effective pole voltage of the combined 
inverter system is obtained by the difference of the pole 
voltages of the two inverters which produces three voltage 
values resulting in the three level induction motor drive 
configuration which is shown in the table.1.The effective pole 
voltage of motor is given by 

Vao ao’=Vao-Va’o’

Vao=pole voltage of inverter-1 
Va’o’=pole voltage of inverter-2 

 

Table.1.Three level operation of OEWIM drive 

Pole 
voltage(Vao) 

Pole 
voltage(Va’o) 

Motor 
phase voltage

Vao ao’= Vao-
Va’o 

0 0  0 
0 Vdc/2 -Vdc/2
Vdc/2 0 Vdc/2
Vdc/2 Vdc/2  0 

III. COMMON MODE VOLTAGE AND
CONVENTIONAL SPWM TECHNIQUE

3.1 Common mode voltage: 
The potential difference between ground and the neutral in an 
inverter is known as common mode voltage (CMV) in a two-
level inverter. CMV is absent when a balanced pure sinusoidal 
supply is given to the system. As the output from the inverter 
is not pure sinusoidal CMV is generated in the OEWIM drive. 
In the OEWIM drive the CMV is defined as the difference of 
the CMV’s of the two inverters. The mathematical expression 
of the common mode voltage by considering the pole voltages 
of  an inverter for a two-level inverter is given as   

      Vcmv = 1/3 (V ao +V bo +V co)  
Where Vao, Vbo, Vco are the pole voltages of Leg a, Leg b, Leg 
c respectively.  

c’ 

a 
b Vdc/2

S1a S1b S1c 

S’1a S’1b S’1c

V dc/2

S2a S2b S2c 

S’2a S’2b S’2c

  IM 
c 

a’ 
b’ 

o

o’ 
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The effective CMV generated for the combined inverter 
system is given by, 

Vcmv = Vcmv –Vcmv’ 
Where Vcmv = (Vao+Vbo+Vco)/3, and 
Vcmv’ = (Va’o+Vb’o+Vc’o)/3 

This CMV results in the production of leakage current called 
common mode current (CMC), which leads to electro-
magnetic interference (EMI). Shaft voltage and bearing 
currents are produced when CMC is flowing through the shaft 
of the motor [12]–[13] which speeds up the aging of the motor 
bearings and also shorten the service life of motor. This CMV 
can be reduced by using filters but it is not economical as 
circuit cost increases and also circuit complexity increases. So 
a new technique called carrier phase shift (CPS) technique 
was proposed in [14]-[15] to reduce the CMV in a two level 
inverter. This CPS technique is used in this paper to reduce 
CMV in OEWIM drive circuit. 

3.2 Conventional SPWM technique: 
In this conventional SPWM method, a 3-phase sine wave is 
compared with a triangular carrier wave to generate pulses for 
two inverters. To generate control signals for a ‘N’ level 
multi-level inverter, ‘N-1’ carrier waves are required. So, two 
carriers are required for the three-level inverter. The carrier 
wave is compared with the sinusoidal signal corresponding to 
a phase to generate the gate signals (pulses) for that respective 
phase. By comparing the triangular wave with each phase (a, 
b, c) of sinusoidal wave, pulses are generated for top switch 
for each leg respectively. Conventional SPWM scheme is used 
in the carrier based implementation [16-17] to generate gate 
signals. The conventional SPWM scheme is shown in the fig.2 

Fig.2. comparison of sine wave with two triangular waves for pulse 
generation in SPWM scheme in OEWIM drive 

Varef, Vbref, Vcref are the three reference sine waves which are 
compared with upper triangle(Vtri1)to generate pulses for the 
switching devices of inverter-1.Similarly the same three 

reference sine waves are  compared with lower triangle(Vtri2)

to generate pulses for switching devices ofinverter-2.The 
switching pattern is shown in the table.2 

Table.2.Switching pattern of OEWIM drive 

Varef>Vtri1 S1a is on 

Varef>Vtri2 S2a is on 

Vbref>Vtri1 S1b is on 

Vbref>Vtri2 S2b is on 

Vcref>Vtri1 S1c is on 

Vcref>Vtri2 S2c is on

IV. PROPOSED TOPOLOGY

In conventional SPWM technique the three phase sine wave is 
compared with the triangular waves to generate pulses for the 
two inverters without any shift in the carrier wave. This results 
in the production of high level and high frequency CMV in the 
drive system. This CMV results in the undesirable operation 
of the drive system. Therefore mitigation of CMV in the 
system is unavoidable. A new technique called carrier phase 
shift technique is proposed here to reduce the CMV. 

 (a) 

 (b) 

 (c) 
Fig.3.CPS PWM strategy for OEWIM drive (a) for phase A(b)for phase B 
with a shift of Tc/3 in carrier (c) for phase C with a shift of 2Tc/3 in carrier
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In the proposed topology the carrier triangular wave with 
frequency fc is compared with phase ’a’ reference wave 
without any shift in the carrier wave. For phase’b’ and ‘c’ the 
respective phases are compared with carrier wave with same 
frequency but with a phase shift of Tc/3 and 2Tc/3 respectively 
where Tc=1/ fc.By shifting the carrier wave the performance 
has been improved .Implementation of the proposed topology 
is easy and simple as it does not require any additional 
equipment. The CPS scheme in OEWIM drive configuration 
is shown in the fig.3. 

The advantages of the proposed method are: 
Peak values of CMV are eliminated. 

 The magnitude of CMV is reduced by 50% without 
using any additional equipment 

V. SIMULATION RESULTS

Computer simulations are carried out for the proposed strategy 
using MATLAB for dual inverter fed OEWIM drive 
configuration with equal DC-link voltages. V/f control 
induction motor is used in this configuration. The DC source 
voltage of 270(Vdc/2) volts is given for each inverter where 
540(Vdc) volts is the resultant DC voltage given to the system 
and the triangular carrier signals of switching frequency 
3KHZ and operating frequency is 48Hz are used. The 
modelling parameters of Induction motor are shown in the 
table.3. A load of 30Nm is applied at 0.4sec and removed at 
0.6sec.The simulation results are presented for both 
conventional SPWM scheme and CPS scheme. 

Table.3.Modelling parameters of induction motor

stator inductance(Ls) 0.17H 
Rotor inductances(Lr) 0.17H 
Mutual inductances(Lm) 0.165H 
Stator resistance(Ls) 1.57
Rotor resistance(Lr) 1.21
Load 30Nm 

 (a) 

 (b) 

 (c) 

 (d) 

 (e) 
Fig.4.Simulation results of conventional SPWM scheme for phase A (a)pole 
voltage of inverter-1 (b)pole voltage of inverter-2 (c)effective pole voltage of 

combined inverter system (d)effective phase voltage of combined inverter 
system (e)FFT analyses of effective phase voltage. 
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 (a) 

 (b) 

 (c) 

 (d) 

 (e)
Fig.5.Simulation results of CPS scheme for phase A (a)pole voltage of 

inverter-1 (b)pole voltage of inverter-2 (c)effective pole voltage of combined 
inverter system (d)effective phase voltage of combined inverter system 

(e)FFT analyses of effective phase voltage.

The pole voltages of individual inverters, effective pole 
voltage, effective phase voltages and FFT analysis of the 
phase voltage corresponding to phase ‘A’ are shown in the 
figures 4 and 5 for SPWM scheme and CPS strategy 
respectively. Current variations are caused due to the 
variations in the voltages in the inverter system. This results in 
different THD values in proposed and conventional method. 
From the results it can be observed that the THD value for 
conventional method is 37.03% and for CPS strategy is 
49.11%.The only drawback of this strategy is the THD value 
increases. Steady state motor currents and its FFT analyses for 
SPWM and CPS scheme are shown in the fig.6 and fig.7.The 
motor THD value are 2.33% for SPWM and for CPS scheme 
4.19% . 

 (a) 

 (b) 
Fig.6.(a)3-phase motor current in steady state (b) FFT analyses of motor 

current for SPWM strategy 

(a)
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 (b) 
Fig.7.(a)3-phase motor current in steady state (b) FFT analyses of motor 

current for CPS strategy 

 (a) 

       (b) 
Fig.8.CMV for OEWIM drive (a) SPWM scheme (b) CPS scheme. 

The simulation results of CMV for SPWM scheme and CPS 
scheme are presented in the fig.8.From the simulation results 
the CMV magnitude of conventional SPWM is -180 to +180 
volts(–Vdc /3 to Vdc /3) and with CPS scheme its magnitude is 
-90 to +90 volts(–Vdc /6 to Vdc /6).From this it can be
observed that the magnitude of CMV is reduced by 50% by
using CPS strategy. The simulation results of variation of
motor current, motor torque and motor speed for different load
conditions with CPS strategy  are shown in fig.9.The load of
30Nm is applied at time 0.4sec and is removed at time
0.7sec.From the results it can be observed that when load is
applied motor current and torque increases. This is because

when load is applied, load torque increases. According to this 
load torque electromagnetic torque increases by drawing more 
current  in order to supply  the required electromagnetic 
torque. 

 (a) 

 (b) 

 (c) 
Fig.9 Simulation results of motor by applying the load at 0.3 and removing 

the load at 0.7 with CPS scheme (a)current (b)torque(c)speed 

VI. CONCLUSION

In this paper advantages of dual inverter fed OEWIM drive 
configuration are presented. An alternating CMV is generated 
at the motor terminals because of the non-sinusoidal output 
generated at the inverter terminals. Undesirable currents are 
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produced in the system because of this CMV which results in 
the failure of motor operation and speed up the ageing of the 
motor. So necessity for mitigation of CMV has been 
increased. A new technique called CPS strategy is proposed in 
this paper to reduce the CMV which is produced in the 
system. The value of CMV is reduced by 50% and this is 
shown by using MATLAB simulation results. This CPS 
strategy is easy and simple to implement as it does not require 
additional equipments. The simulation results of OEWIM 
drive with different load conditions are also presented. 
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