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Abstract - Pulse width modulation has been one of the most intensively investigated areas of power electronics for many 
years now, and the number of combinations seems to be endless. However, according to a hierarchal consensus, Space 
Vector Modulation techniques are ranked higher in order of merit, based on harmonic performance. In this paper, Space 
Vector PWM Switching scheme is employed for a dual two level inverter feeding an Induction motor from both ends (open 
end winding). The decoupled SVPWM is employed for the dual-inverter scheme in order to realize the reference voltage 
vector. The Gating pulses are correspondingly generated for the dual inverters in order to realize the reference voltage, and 
the respective voltages are fed to 1kW open end windings of an induction motor drive. The harmonic content of the three 
phase currents in the motor are analyzed with an appropriate variation in its modulation index. Thus the performance in 
terms of harmonic analysis is carried out using Matlab/SIMULINK for an open end winding induction motor drive. 
 
Keywords- Dual-inverter, Decoupled SVPWM, Open-end winding induction motor 
 

 
I. INTRODUCTION  
 
  Various PWM schemes are presented for the 
two-level inverters and their effects on the load are 
also continuously investigated. Thrive to get 
improved performance is on the anvil employing 
suitable PWM technique/s or using multi-level 
inverters. Multi-level inverters are finding increasing 
research opportunities and it is clearly evident in the 
past few years. This is due to the reduced total 
harmonic distortion (THD) in the output voltage and 
genesis of higher voltage with use of series 
connections of lower voltage rating switching 
devices. Towards this end, a dual-inverter topology 
employing open-end winding induction motor drive is 
introduced that is capable of generating multi-level 
voltage output .Many PWM schemes are reported in 
the literature on the dual inverter topology that aims 
at improving the output voltage THD performance, 
common mode voltage minimization and elimination. 
The decoupled SVPWM strategy in the present case 
is used as its name suggests where the SVPWM 
scheme is applied on both the inverters feeding the 
open end windings. The gating pulses for the dual 
inverters are separately generated and inverter output 
voltages are provided to the three phases of the 
motor. The harmonic content in the motor phase 
current is analyzed by comparing both the cases when 
the motor is fed by single inverter and dual inverters. 
With a change in the modulation index the 
corresponding change in the harmonic content in both 
the cases is observed through the simulation results. 
 
II.  DUAL TWO-LEVEL INVERTER SCHEME 
 
 The power circuit configuration of the dual two-
inverter inverter feeding an open-end winding 

induction motor is shown in Fig.1. The open-end 
winding induction motor is obtained by simply 
opening the neutral point of the star connected stator 
windings of the motor, leaving all the six ends of the 
three-phase stator windings, accessible to be fed from 
both its ends (Fig.1). The individual two-level 
inverters are said to attain 8 switching states 
independent of the other. These switching states are 
represented as 1-8 and 1’-8’ respectively for inverter-
1 and 2 respectively and are tabulated in Table-1.  

 
Fig (1).Power circuit configuration of dual two-level inverter 

 
 In Table-1, a ‘+’ means the top switch in the 
inverter is on, and a ‘-’ means it is off. This results in 
a total of 64 switching combinations that are possible 
with the present power circuit topology. Each 
switching combination in the dual-inverter generates 
a space vector and the combined space vector 
diagram covering all the 64 switching combinations 
are shown in Fig.2. In Fig.2, each side of the sector is 
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equal to a voltage of Vdc/2 only unlike the voltage of 
Vdc in the conventional two-level inverter. 
 

 
TABLE-1Switching states of the individual inverters 
 
III.  DECOUPLED PWM SCHEME 
 
 The reference voltage vector to be realized by the 
dual inverter is shown as Vref in Fig.2. It can be 
resolved into two equal and opposite half components 
as Vref /2 and −Vref /2. The vector addition of the later 
and the former results in the generation of actual 
reference vector as: 
Vref = Vref /2 − (−Vref /2)                     (1) 
 These individual reference voltages are 
synthesized separately by the two two-level inverters 
using SVPWM [19] and are depicted in Fig.3 from 
Fig.2 & 3 it can be identified that     
 -            (2) 
 The voltage vector OV1 is synthesized by 
inverter-1 and OV2 by inverter-2 respectively and are 
given as: 

                    (3) 

             (4) 
 where vao, vbo, vco are three-phase pole voltages of 
inverter-1 and va'o, vb′o ,vc′o are three-phase pole 
voltages of inverter-2 The actual vector can now 
obtained using the vectors defined in eqns.(3) & (4) 
as: 

         (5) 
                 (6) 
                 (7)  
     (8) 
Where Vaa′, Vbb′, Vcc′ are the three-phase voltages of 
the dual-inverter fed induction motor drive. 

 
Fig. 2. Space vector locations of dual two-level inverter 

 
Fig. 3. Principle of decoupled PWM technique and switching 

voltage vector, reference voltage vector projections on α and β 
axis 

 
 In Fig.3, the switching vectors V1x, V2x (x=0, 1,  
2, 3, 4, 5, 6) for inverter-1 & 2 can be identified and 
are defined as: 

                     (9) 

                   
(10) 
  Where Vdc is the DC bus voltage and SA1, SB1, 
SC1 are the switching states of inverter-1 and SA2, SB2, 
SC2 are the switching states of inverter-2. These 
switching states can attain values 1 or 0 depending 
upon the status of the top switching device of the legs 
of the inverters. If the top switching device of the 
inverter is on, it is '1'  
 else '0'.  
 The reference voltage vector (Vref in Fig.2) is 
situated at an angle Ө w.r.t the α-axis. The references 
to the individual inverter would then be Vref /2 where 
one is at angle 'Ө' while the other is at an 
angle‘180+ ' both measured w.r.t the β-axis 
(Fig.3).The respective references are synthesized by 
the inverters and the switching vectors for inverter-1 
can be identified as V11, V12 &V10 and V24, V25&V20 
for inverter-2 (Fig.3) 
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IV.  ANALYSIS OF CURRENT HARMONICS IN 
THE DUAL TWO-LEVEL INVERTER 
SCHEME 

 
 With the decoupled SVPWM technique, the 
reference vector Vref is decoupled into two equal 
halves as described in the previous section. These 
space vectors are shown in Fig.3 and are said to fall 
in sector 1 (for inverter-1) and sector 4 (for inverter-
2). With inverter-1 and 2, the space vectors Vref 
/2,−Vref /2 respectively are realized in the average 
sense using three nearest voltage vectors of the sector 
in which the tip of reference vector lies. To realize 
Vref /2, inverter-1 switches between vectors V10, V11, 
V12, V17 with timing intervals of T10/2, T11, T12, T17/2 
respectively for the center-spaced PWM . Similarly, 
inverter-2 switches between V20, V24, V25, and V27 
with timing intervals of T20/2, T24, T25, and T27/2 
respectively. 
 A fixed Number of samples (48) are employed 
for the implementation of space vector modulation 
per cycle in the entire range of operation. The 
switching patterns of both the inverters is as shown in 
the fig (4). 

 

 
Fig (4) Switching Pattern for Inverter 1 and Inverter 2 

 
 The actual reference voltage vector (Fig.3) that is 
at an angle of θ w.r.t the α-axis can be resolved into 
two components along the α & β - axes as OC and 
OD respectively. Similarly, the eight switching 
vectors of the inverter can also be split into the α & β 
components. For instance, for the situation depicted 
in Fig.3, if the switching vector V12 is used, it has 
components OA and AB along the α & β - axes 
respectively (applicable to inverter-1). Hence, the 
voltage vectors can be identified along the α & β - 
axes as AC and DB respectively. Similarly, for 
inverter-2, the actual reference voltage vector will 
have the components as OR & OS and the switching 
vector (V25) will have OP & OS as the components 

along the α & β - axes and therefore the error voltage 
vectors can be identified as PR and SQ respectively 
along the α & β - axes (Fig.3).The Harmonic content 
in the three phase currents of the induction motor is 
analyzed along these components with α & β –axes. 
The total content of harmonics in the three phases of 
the motor will be modified with predominant change 
in the modulation index of the so connected inverters. 
 
V.  RESULTS & DISCUSSIONS 
 
 The dual two-level inverter with decoupled 
SVPWM switching scheme feeding power to open 
end winding induction motor drive is simulated using 
Matlab/SIMULINK simulation software. Then the 
results are verified experimentally.. A DC-bus 
voltage of 200 volts is chosen to run the drive and V/f 
control is maintained in the entire speed range of the 
induction motor. A total of 48 samples is chosen in 
the entire work covering one cycle of the output 
voltage, irrespective of the modulation index of the 
drive (speed of the motor). 
 The gating pulses of the top switching devices of 
the individual inverters (depicting the timings Tga, 
Tgb, Tgc for invrter-1 and Tga′ , Tgb′ , Tgc′ for inverter-
2) are shown in Fig.5.The three phase pole voltages 
of the individual inverters will be a replica of the 
gating pulses shown in Fig.6 except for their voltage 
levels.  

 
Fig (5) Gating Pulses for Inverter-1(Tga,Tgb,Tgc) and 

Inverter-  2(Tga’,Tgb’,Tgc’) for the modulation  
index 0.4 
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 Here, the modulation index is defined as the ratio 
of the length of the reference space vector (Vref) and 
the DC-bus voltage (Vdc).The experimentally 
obtained a-phase pole voltages of the two inverters, 
difference in a-phase pole voltages, motor a-phase 
voltage and the motor a-phase no-load current for a 
modulation index of 0.4 are as shown in the fig(6). 

 
Fig (6) .Simulated pole voltages of inverter-1 and inverter-2 

(Top 2 traces), Difference in a-phase pole (Vaa′) voltages (3rd 
trace), a-phase motor phase voltage (4th trace), motor a-phase 

current (5th trace), for a modulation index of 0.4 
 
 The comparison in terms of harmonic content for 
both the cases when the motor is fed by single 
inverter and dual inverters is done by the total 
harmonic distortion along with the respective change 
in the corresponding modulation index. For instance 
the simulated results of harmonic distortion for both 
the cases for a modulation index of 0.4 are as shown 
in fig (7). 

 

 
Fig (7) Simulated Results Of %THD for single inverter fed 
(Top trace) and dual inverter fed (Bottom trace) Induction 

motor drive for a modulation index of 0.4 
 
 Various changes in the %THD at different levels 
of Modulation index are presented in table (2).With 
this it is reiterated that as the modulation index 
increases, the harmonic content in the motor phase 
currents is reduced. 

 
Table (2) Total Harmonic Distortion of line currents 
of the induction motor for different modulation index 
 
VI.  CONCLUSION 
 
 The dual two-level inverter is capable of 
generating three level output voltage using the 
decoupled SVPWM scheme. The amount of 
harmonic content in the motor phase currents when 
error voltage between the reference voltage vector 
and the actual voltage vectors applied by the 
individual inverters is identified using the procedure 
proposed in this paper. The rms value of this 
harmonic content is decreasing with the increase in 
the modulation index of the dual-inverter feeding the 
open-end winding induction motor. 
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