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Abstract: In this paper a five-level inverter topology is proposed for a four pole induction motor drive. This topology 

has developed by using the advantage of two identical voltage profile winding coils per phase in a four pole induction 

motor. The identical voltage profile winding coils are disconnected and each part of the winding is fed with two two-

level inverters from both sides. There by four two-level inverters are used to generate five voltage levels on induction 

motor phase windings. All two-level inverters are fed with single DC link with the magnitude 
𝐕𝐝𝐜

𝟒
 (where 𝐕𝐝𝐜 is the dc-

bus voltage required for a conventional NPC five-level inverter). Because of the common DC link for all the two-level 

inverters, common mode currents will find a path through the motor phase windings due to the lack of isolated neutral. 

To minimize the common mode currents a Sine-Triangle Pulse Width Modulation is used in the proposed topology. 

There by the first dominant harmonics and triplen harmonics shifted near to the switching frequency, which will have a 

less impact on the motor phase currents. Since the dominant harmonics are less in the proposed topology, it gives 

almost sinusoidal output voltage which will improve the efficiency of the drive system. The proposed topology does 

not require any major design modifications of induction motor. The proposed topology is simulated in MATLAB 

(Simulink) with sine triangle PWM 
 

Keywords: Five-level inverter, Induction motor drive, Sine-triangle PWM, Space-Vector PWM. 
 

I. INTRODUCTION 
 

Multilevel inverter technology has been widely used for 

the control of medium and high voltage AC drive 

applications from the past few decades [1], because of its 

improved output voltage quality, better harmonic 

performance, less voltage stress on power electronic 

devices and etc. Many multilevel inverter configurations 

are presented to improve the output voltage harmonic 

spectrum and to reduce the circuit complexity [2]-[3] and 

to reduce the number of switches [4], [5]. Many Pulse 

Width Modulation (PWM) techniques are proposed to 

improve the harmonic spectrum of the voltage and 

currents [6]-[9].Some of the popular multilevel 

configurations is the Diode clamped multi-level inverter 

[10], flying capacitor multi-level inverter [11], [12], 

cascaded multi-level inverters [13]. Although they are 

suitable for 3-level inverters, but as the number of levels 

increase, the circuit and control complexity as well as 

switching losses increases, due to large number of devices 

[14]. The other alternate topology is open end winding 

induction motor drive fed with two-level (or multi-level) 

inverters [2], [6], [14]. In the open-end winding scheme, 

the Induction Motor windings are fed from both sides with 

two two-level inverters (with half the dc-link voltage when 

compared with conventional NPC inverter) to get a three-

level inverter topology [15].With this concept as the 

number of levels increases, the inverters has to be 

cascaded or a conventional multi-level inverters has to be 

used on both the sides of the Induction Motor winding 

[16]. In this paper a five-level inverter topology is 

 
 

proposed for the induction motor drive by using four 

conventional two-level inverters only, with the advantage 

of two identical voltage profile winding coils of four pole 

induction motor which will be explained in detail in the 

next section. The identical voltage profile winding coils are 

disconnected and each part of the winding is fed with two 

two-level inverters from both sides. There by four two-

level inverters are used to generate five voltage levels on 

motor phase windings. All two-level inverters are fed with 

single DC link with the magnitude
Vdc

4
 . The proposed 

topology uses sine-triangle PWM to generate the pulses for 

the switches of each inverter which will also minimize the 

common mode currents circulating in the motor phase 

windings because of the common DC link. 
 

II. DYNAMIC MODELLING OF INDUCTION 

MOTOR 
 

In a conventional four pole induction motor, there are two 

sets of identical voltage profile windings will be present in 

the total phase winding [17]. These two windings are 

connected in series as shown in fig. 1 (a). For the proposed 

inverter these two identical voltage profile winding coils 

are disconnected, and the available four terminals are 

taken out, like shown in the fig.1 (b). Since these two 

windings are separated equally, stator resistance, Stator 

leakage inductance and the magnetizing inductance of 

each identical voltage profile windings are equal to the 

half of the normal induction motor shown in fig.1 (a). 
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The voltage equitation’s for the stator winding is given by 
 

Va1 − Va2 =  
rs

2
 ∗ ias +  

 Lss

2
 ∗ ias −  

1

2
 ∗  

Lm

2
 ∗ ibs

−  
1

2
 ∗  

Lm

2
  ics       ………               (1) 

 

Va3 − Va4 =  
rs

2
 ∗ ias +  

 Lss

2
 ∗ ias −  

1

2
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2
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1

2
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Fig. 1: Induction Motor stator winding: (a) General 

arrangement (b) Arrangement for the proposed inverter 
 

The effective voltage across the stator winding is the sum 

of the voltages across the two individual windings. 
 

     Vas = ( Va1 − Va2) + ( Va3Va4) ………                       (3) 
 

The motor phase voltage can be achieved by substituting 

equations (1) and (2) in (3) 
 

Vas = rs ∗ ias + Lss ∗ ias −  
1

2
 ∗ Lm ∗ ibs −  

1

2
 ∗ Lm ∗

ics                                    . (4) 
 

Similarly voltage equitation for the remaining phases are 
 

Vbs = rs ∗ ibs + Lss ∗ ibs −  
1

2
 ∗ Lm ∗ ias −  

1

2
 ∗ Lm ∗

ics                                  5  
 

Vcs = rs ∗ ics + Lss ∗ ics −  
1

2
 ∗ Lm ∗ ias −  

1

2
 ∗ Lm ∗ ibs

                                              (6) 
 

Where 

d : direct axis, 

q : quadrature  axis, 

s : stator variable, 

r : rotor variable, 

Vqs , Vds : q and d–axis stator voltages, 

Vqr , Vdr : q and d–axis rotor voltages, 

rr : rotor resistance, 

rs : stator resistance, 

L1s : stator leakage inductance, 

L1r : rotor leakage inductance, 

iqs ,ids : q and d–axis stator currents, 

iqr , idr : q and d–axis rotor currents, 

p : number of poles, 

J : moment of inertia, 

Te : electrical output torque, 

TL  : load torque. 
 

From the equations (4), (5), (6) it can be observed that 

there is no difference between the normal induction motor 

shown in fig.1 (a) and the disconnected (Identical voltage 

profile windings) motor shown in fig.1 (b). 
 

III. PROPOSED FIVE-LEVEL INVERTER 

TOPOLOGY 
 

The five-level inverter topology has proposed for the four 

pole induction motor drive. The two identical voltage 

profile winding coils are disconnected, total four available 

terminals were taken out and fed with four two-level 

inverters and it is shown in fig. 2. These four two-level 

inverters were supplied with a single DC source having 

magnitude
Vdc

4
. In the fig.2S11  to S16are the switches of the 

first inverter, S21  to S26  are the switches of the second 

inverter, S31  to S36  are the switches of the third inverter, 

S41  to S46 are the switches of the fourth inverter. The 

blocking voltage of all these switches is
Vdc

4
. 

 S11 , S12 ,  S13 , S14 ,  S15 , S16 are the complimentary 

switches of the first inverter(that is if S11  is onS12  will 

beoff) and it is same to remaining three inverters.The 

switches S1 to S6  are the auxiliary switches needed to 

isolate the middle two inverters (invert-2 and inverter-3 as 

shown in fig.2) during the voltage levels of 

−
Vdc

4
 , 0,

Vdc

4
[2]. If the switches S1  to S6  are shorted, then 

unequal voltage distribution will happen across the motor 

phase windings (two identical voltage profile windings) 

which in turn causes unequal flux distribution and is 

explained clearly in [2].The possible switching 

combinations available for A-phase forgenerating five 

voltage levels (−
Vdc

2
 , −

Vdc

4
 , 0 ,

Vdc

4
 ,

Vdc

2
 ) across motor 

terminals is shown in the Table-I. The proposed five-level 

inverter topology is compared with conventional topologies 

(in terms of the switching devices, capacitor banks, and 

isolated voltage sources), and is presented in the table-II.It 

can be observed that the number of main (inverter) 

switches required is the same for all the topologies.But the 

proposed topology does not require any additional 

clamping diodes whereas the NPC does require six diodes 

of rating 3*(
Vdc

4
), six diodes of rating 

Vdc

2
 and six diodes of 

rating 
Vdc

4
.The proposed topology require one DC source 

having magnitude 
Vdc

4
 but H-Bridge inverter require six 

voltage source of magnitude 
Vdc

4
 and NPC, FC require one 

DC source having magnitude Vdc . The proposed topology 

does not require any capacitor banks like H-Bridge inverter 

but NPC requires 4 and FC requires 18 capacitor banks 

with voltage rating 
Vdc

4
.However, theproposed topology 

requires additional six bidirectional switches with voltage 

rating of 
Vdc

8
. 
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Fig. 2: Proposed five-level inverter 

 

TABLE – I POSSIBLE SWITCHING COMBINATIONS TO GENERATE FIVE VOLTAGE LEVELS 
 

Voltage Magnitude 𝑆11  𝑆21  𝑆31  𝑆41  𝑆𝐴1  𝑆𝐴1′ 𝑆𝐴2𝑆𝐴2′ 

+
𝑉𝑑𝑐
2

 ON OFF ON OFF ON ON 

+
𝑉𝑑𝑐
4

 
ON ON ON OFF OFF OFF 

ON OFF OFF OFF OFF OFF 

 

        0 

OFF OFF OFF OFF OFF OFF 

ON OFF OFF ON OFF OFF 

ON ON ON ON OFF OFF 

OFF ON ON OFF OFF OFF 

−
𝑉𝑑𝑐
4

 
OFF OFF OFF ON OFF OFF 

OFF ON ON ON OFF OFF 

−
𝑉𝑑𝑐
2

 OFF ON OFF ON ON ON 

 

TABLE II COMPARISON BETWEEN THE CONVENTIONAL TOPOLOGIES WITH PROPOSED ONE 
 

 NPC inverter FC inverter HB inverter Proposed inverter 

switches∗ 24 24 24 24 

 

Clamping 

Diodes 

 

3* 
Vdc

4
 6 0 0 0 

Vdc

2
 6 0 0 0 

Vdc

4
 6 0 0 0 

Isolated voltage sources 1* (Vdc ) 1* (Vdc ) 6* (
Vdc

4
) 1* (

Vdc

4
) 

Capacitor Banks∗ 4 18 0 0 

Bi-directional switches  0 0 0 6 (
Vdc

8
) 
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IV. SINE TRIANGLE PULSE WIDTH 

MODULATION 
 

a) Linear modulation region 

A sine-triangle PWM for the multi-level inverters is used 

to generate the gating pulses for the proposed inverter 

topology [19]. In the Sine triangle Pulse width modulation 

for generating five voltage levels on motor phase winding, 

it requires one modulating signal and four carrier signals 

[19]. 
 

b)   Over modulation (mi>1) 

The linear modulation region can be significantly 

increased by adding the zero sequence component to the 

modulating signals in SVPWM [24]. Due to the addition 

of zero sequence component, the sum of instantaneous 

reference phase signals are not equal to zero (Va+Vb+Vc ≠ 

0) which can produce lower order zero sequence currents 

in the motor phase windings. Therefore, SVPWM 

technique is not best suitable for those configurations 

which provide closed path for zero sequence currents 

(generally open end winding induction motor drives with 

single dc link)[19]. In this paper, a modified SPWM 

technique is proposed to operate the configuration in over 

modulation region. In this technique, whenever A-phase 

modulating signal is crossing peak of the upper carrier 

signal (Vtp), it is clamped to Vtp. The subtracted magnitude 

of A-phase signal (i.e. Va-Vtp shown in Fig. 4) is 

proportionally added to B-phase and C-phase modulating 

signals such that the sum of three phase modulating 

signals equal to zero (Va+Vb+Vc=0). The same procedure 

is followed for B-phase and C-phases also. 
 

 
 

Fig.3. Three phase modulating waves in over modulation 

after compensation. 
 

V. RESULTS AND DISCUSSION 
 

The propose five-level inverter is simulated with 5HP 

induction motor. The gating pulses, to the switches of the 

proposed five-level inverter, were generated with sin-

triangle pulse width modulation. 
 

Fig. 4: Top trace is the voltage between the points A1 and 

A2. Second Top trace is the voltage between the points A3 

and A4. Third Top trace is the effective voltage across the 

motor phase winding. Fourth trace is the voltage between 

middle two inverters (inverter-2 and inverter-3). Bottom 

trace is the stator current (Ia) for the modulation index=0.2 

of (SPWM). 

 
 

Fig. 4 shows the results for the modulation index of 0.2 

(where the modulation index is equal to the ratio of peak 

of the modulating signal to the four times of peak of the 

carrier signal). From the results it is clear that the voltage 

across the motor phase winding is the sum of the voltage 

across the individual windings and the voltage profile is 

similar to three level operation. From fig. 4 (fourth trace 

from top) it is notice that, middle two inverters (inverter-2 

and inverter-3) are clamped, so the switching losses in this 

case are less for low modulation index. Whereas, in the 

case of (diode clamped and Flying capacitor) multi-

inverters, all the switches are needed to be switched for 

balancing the capacitor voltage which results in more 

switching losses. 

The effect of common mode currents on motor phase 

windings is shown in Fig. 5 by using space vector PWM 

for the modulation Index of 0.2. In the Space Vector PWM 

triplen component is added to the reference voltages to get 

the 15% extra boost in the inverter output voltage. 
 

 
 

Fig. 6: Top trace is the voltage between the points A1 and 

A2. Second Top trace is the voltage between the points A3 

and A4. Third Top trace is the effective voltage across the 

motor phase winding. Fourth trace is the voltage between 

middle two inverters. Bottom trace is thestator current (Ia) 

for the modulation index=0.4 of SPWM. 
 

These common mode voltages circulate the common mode 

currents in motor phase windings through the common DC 

link. That can be clearly observed from the results shown 

in the fig. 5. In order to minimize this common mode 

currents sine triangle PWM is used for the proposed 

topology. 
 

Fig. 6 shows the results for the modulation index 0.4. 

From the phase voltage waveform it can be observed that 

the inverter is operating in three level mode. From the fig. 

4 and fig. 6 it can be observed that middle two inverters 
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are not switching, so during the switch failure of the 

inverter-2 and inverter-3 the proposed topology can be 

operated as a three-level inverter up to the modulation 

index of 0.5. which will increasing the reliability of the 

system. 
 

 
 

Fig. 7: Top trace is the voltage between the points A1 and 

A2. Second Top trace is the voltage between the points A3 

and A4. Third Top trace is the effective voltage across the 

motor phase winding. Fourth trace is the voltage between 

middle two inverters. Bottom trace is thestator current (Ia) 

for the modulation index=0.6. 
 

 
 

Fig. 8: Top trace is the voltage between the points A1 and 

A2. Second Top trace is the voltage between the points A3 

and A4. Third Top trace is the effective voltage across the 

motor phase winding. Fourth trace is the voltage between 

middle two inverters. Bottom trace is the stator current (Ia) 

for the modulation index=0.8. 
 

Fig. 7 shows the results for the modulation index 0.6. for 

this modulation index, the reference wave is passing 

through the all four carrier signals, thereby five voltage 

levels are generated across the motor terminals. From the 

fig.7 it can be notice that, the middle two inverters are also 

switched to provide the voltage levels of +
Vdc

2
 and −

Vdc

2
 

across the motor phase windings. 
 

Fig. 8 shows the results for the modulation index 0.8.from 

the top fourth trace of the fig.7 and fig. 8 it is clear that 

middle inverters are connected to the DC link for 

providing the voltage levels of +
Vdc

2
 and −

Vdc

2
 across the 

motor phase windings. The results for modulation index of 

1.15 are shown in Fig. 9 to demonstrate the operation of 

the drive in over modulation region. 

 
 

Fig. 9: Top trace is the voltage between the points A1 and 

A2. Second Top trace is the voltage between the points A3 

and A4. Third Top trace is the effective voltage across the 

motor phase winding. Fourth trace is the voltage between 

middle two inverters. Bottom trace is the stator current (Ia) 

for the modulation index=1.15. 
 

From the above results it is clear that, the proposed 

topology can be operated in the complete linear 

modulation region with sine-triangle PWM with single DC 

link. 
 

VI. CONCLUSION 
 

In this paper an optimized five-level inverter topology is 

presented for a four pole induction motor drive. This 

topology has developed by using the advantage of two 

identical voltage profile winding coils per phase in a four 

pole induction motor. The identical voltage profile 

winding coils are disconnected and each part of the 

winding is fed with two two-level inverters from both 

sides. There by four two-level inverters are required to 

generate five voltage levels. All two-level inverters are fed 

with single DC link with the magnitude 
Vdc

4
.The proposed 

topology is simulated in MATLAB (Simulink) with (5HP) 

four pole induction motor with sine triangle PWM. From 

the results it can be observed that the common mode 

currents generated because of the single DC link were also 

minimized. There by the first dominant triplen harmonics 

and other harmonics also shifted to the switching 

frequency times, which will have a less impact on the 

motor phase currents. The proposed topology does not 

require any major design modifications of induction 

motor. An important feature of this topology is that if the 

middle inverter switches (inverter-2 and inverter-3) are 

failed, it will be operated as a three-level inverter up to the 

modulation index 0.5. There by the reliability of the 

system increases. This identical winding profile coils 

concept can be easily extended to 6 poles Induction motor 

or even more number of poles. 
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