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Abstract— A multilevel inverter topology for a four-pole 

Induction motor drive is exhibited in this paper, which is 

fabricated using the enrolment engine stator winding course 

of action. A single dc source with a less magnitude when 

differentiated and conventional five-level inverter topologies 

is used as a piece of this topology. As needs be, control 

altering issues (which are critical troubles in standard 

multilevel inverters) are minimized. As this game plan 

livelihoods a solitary dc source, it gives an approach to zero-

gathering streams in light of the zero-gathering voltages 

show in the yield, which will travel through the engine 

organize winding likewise, control electronic switches. To 

minimize these zero-courses of action streams, sine–triangle 

pulse width regulation (SPWM) is used, which will move the 

lower mastermind sounds near trading repeat in the 

immediate tweak region. Regardless, by virtue of over 

modulation, harmonic voltages will be familiar close with the 

significant repeat. In this regard, a changed SPWM technique 

is proposed in this paper to work the drive in the over 

modulation locale up to the tweak rundown of 2/√3. The 

proposed quad two-level inverter topology is likely affirmed 

with an examination office demonstrate on a four-post 5-hp 

acknowledgment engine. Exploratory results show the 

sufficiency of the proposed topology in the aggregate straight 

regulation region additionally, the over balance territory. 
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I. INTRODUCTION 

Induction motors in ASDs are supplied from inverters, 

which are dc to ac power electronic converters. The dc 

supply voltage for inverters is given by rectifiers. These 

usually have the three-phase bridge topology and are based 

on power diodes or, if control of the input current or 

rearranged power flow is required, on SCRs. Low quality of 

currents drawn from the power framework is the major 

disadvantage of such rectifiers, and costly input filters must 

be installed to alleviate this issue. The span of input filters 

can greatly be decreased when PWM rectifiers are utilized. 

They can be of the voltage source or current source sort, the 

latter converters being capable of boosting the yield voltage 

above the peak value of the ac input (line-to-line) 

voltage[6].  

Two-level voltage source inverters are most 

common in practice, however alternative topologies, for 

example, soft-switching and three-level inverters, are 

gaining ground. Current source inverters are also utilized, 

usually in high-power drives. These inverters are more 

strong than voltage source inverters, and the dynamics of 

current phase control is superb. The current quality in the 

square-wave mode of operation is poor, however. In that 

regard, Single triangle-PWM current source inverters, with 

yield capacitors, are a superior arrangement, however the 

required size of as far as possible the power range of these 

converters. A cascade of the rectifier, dc link, and inverter 

constitutes a frequency changer. PWM frequency changers, 

characterized by elite operation and capable of the switched 

power flow, can be of the voltage source or current-source 

sort. The voltage source PWM frequency changer is based 

on a voltage source PWM rectifier and a current source 

inverter. Then again, in the current source PWM frequency 

changer, a current source rectifier and a voltage source 

inverter are utilized[12][14]. The most popular PWM 

system for voltage source inverters is based on the idea of 

voltage space vectors. A voltage space vector is obtained by 

transformation of values of actual voltages in a three-phase 

framework into a perplexing number. Three-phase currents 

in a three-wire framework can similarly be transformed. In 

contrast to voltage source inverters which, in the PWM 

mode, allow control of both the frequency and magnitude of 

the yield voltages, current source inverters are incapable of 

the magnitude control of yield currents. This can just be 

done in the current source (controlled rectifier) supplying 

the inverter[12]. Power electronic converters utilized as a 

part of ASDs with acceptance motors cause genuine 

reactions. These incorporate harmonic contamination of the 

supplying power framework, led and radiated 

electromagnetic impedance, insulation degradation in stator 

windings, over voltages in the cable associating the inverter 

and motor, common-mode voltage bringing about 

accelerated bearing deterioration and leakage currents, and 

annoying acoustic commotion. The vast majority of these 

reactions can be cured utilizing appropriate filters. Other 

measures, for example, multilevel, double-bridge, and four-

leg inverters, active circuits for the common-mode voltage 

cancelation, and changed PWM strategies are also utilized in 

practical drive frameworks[17]. 

II. VOLTAGE EQUATIONS OF INDUCTION MOTOR: STATOR 

WINDING 

When the mathematical model of the induction machine is 

established, several reference frames can be employed 

depending on application and the chosen strategy control. 

There are several main reference frames: stationary fixed to 

the stator, synchronously fixed to the rotor, and revolving 

with an angular velocity equal to: the air-gap flux, the rotor 

flux, the stator voltage, the rotor current space vectors. The 

transformation from one reference frame to another is made 

by keeping constant the value of the m.m.f. as all the 

reference frames are energetically equivalent. 

The stator voltage equation in per unit system 

becomes: 
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It is outstanding that, in a conventional ac machine, 

the winding curls which are 360◦ (electrical) apart will have 

identical voltage profiles across them. Along these lines, the 

four-post acceptance motor comprises of two IVPWCs 

(where the quantity of IVPWCs is equal to the quantity of 

post pairs) [15]. In the conventional four-post enlistment 

motor, these two windings are associated in arrangement, as 

appeared in Fig. 1(a). In any case, in this paper, these are 

disengaged, as appeared in Fig. 1(b). As the two windings 

are disengaged exactly with an equal number of turns, it can 

be composed [as appeared in Fig. 1(a) and (b)] as 

  (1) 

Reluctance is given by [22] 

  (2) 

The following observations can be made when 

compared with conventional-induction-motor parameters.  

 Stator resistance (rs = ρl/A) will be half because the 

length of the copper is half. 

 Reluctance offered to the leakage flux will be half 

because the mean length of the stator leakage flux is 

half; hence, from (1) and (2), the leakage inductance 

(L1S =  N2
1 /ℜ ) will be half.  

 Reluctance offered to the magnetizing flux will be the 

same because the mean length of the core is the same 

in both cases. Therefore, from (1) and (2), the 

magnetizing inductance (Lms = N1N2/ℜ) will be 1/4 

times [22]. From the above discussion and by writing 

KVL shown in Fig. 1(b), the voltage across one 

IVPWC of A-phase can be obtained as 

      (3) 

The voltage across the other IVPWC of A-phase 

can be obtained by writing Kirchoff’s voltage law (KVL) 

shown in Fig. 1(b), i.e., 

       (4) 

 
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, 

i.e., 

 (5) 

The motor phase voltage can be achieved by 

substituting (3) and (4) into (5) as follows: 

 
The voltage across the total winding of A-phase 

can be obtained by writing the KVL shown in Fig. 1(a), 

which is equal to the (6). It can be observed from the above 

discussion that (6) and the voltage equation of the 

conventional induction motor presented in [22] are identical. 

III. PROPOSED MULTILEVEL INVERTER TOPOLOGY 

The five-level inverter topology presented in [15] uses three 

dc sources to obtain a five-level voltage waveform. Mostly 

diode bridge rectifiers are used for providing dc supply. 

Therefore, in regenerative braking, it requires three braking 

rheostats and three control mechanisms to protect the 

rectifier units, which complicate control and power circuits. 

In this paper, three dc sources are replaced by a single dc 

source, as shown in Fig.4.1. The two disconnected IVPWCs 

are supplied with four conventional two-level inverters, and 

all of them are connected to the same dc source, as shown in 

Fig. 1. The maximum voltage blocking capacity of all two-

level inverter switches is equal to input dc source voltage 

(vdc/4). Two switches in the same leg of the two-level 

inverters complements each other. S1 to S6 are bidirectional 

(four-quadrant) switches that can allow the current in both 

directions and can block the voltage in both directions. The 

maximum voltage blocking capacity of these switches is 

vdc/8 only. All these (main and auxiliary) switches are 

switched in such a way that it produces five-level voltage 

((vdc/2), (vdc/4), 0, (−vdc/4), (−vdc/2)) across the motor 

phase winding, and the possible switching combinations are 

shown in Table 1. Permanent shorting of the bidirectional 

switches cause unequal voltages across IVPWCs during 

some((−vdc/4), 0, (vdc/4)) voltage-level synthesis. Hence, 

control of these bidirectional switches is important, which is 

explained clearly in [17]. The proposed multilevel inverter 

topology is compared with the conventional five-level NPC 

inverter, FC inverter, and H-bridge inverter, as shown in 

Table 2. 

 
Fig. 2: Proposed multilevel inverter topology. 

The proposed topology is free from nonpartisan 

point voltage adjusting issues on the grounds that the 

cinching diodes are not utilized not at all like as a part of the 

diode-clipped topologies. The capacitor voltage adjusting 

issues are additionally wiped out on the grounds that it 

doesn't require any capacitor banks not at all like FC 
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inverters. Just a solitary dc source is utilized as a part of this 

arrangement; along these lines, power adjusting issues and 

issues in recovering mode are minimized. The magnitude of 

the dc bus requirement is also less (vdc/4). The only 

additional requirement in this topology is six bidirectional 

witches with voltage rating of vdc/8. 

 
Table 1: possible switching combinations to generate five 

level voltage waveforms 

 
Table 2: Comparison between the conventional topologies 

with the proposed technology 

IV. SPWM 

A. Linear Modulation Region (0 < mi < 1) 

Gating pulses for the proposed multilevel inverter are 

generated using SPWM with a real-time digital simulator. 

Three modulating signals (sine waves) and four carrier 

signals (triangular waves) are used to produce the gating 

pulses for the proposed topology, as shown in the Fig.4.2. 

The maximum frequency of the modulating signal (sine 

wave) is 50 Hz; however, carrier signal frequency is kept 

constant at 2 kHz. Many switching combinations are 

possible (which are shown in Table I), but the switching 

combinations shown in Table 3 give less switching 

transitions from one voltage level to another. The remaining 

switching combinations (in Table I) are utilized as a part of 

the instance of blame condition, to build the unwavering 

quality of the framework. On account of any switch 

disappointment of the centre two (inverters 2 and 3), the 

whole framework require not to be closed down. Instead, it 

can be operated as a three-level inverter up to a modulation 

index of 0.5 (where modulation index is equal to the ratio of 

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

the carrier signal, as shown in Fig.4.2.). For example, when 

switch S21 is open (or S22 is shorted), the possible 

switching combinations are shown in Table 4. 

 
Fig. 3: Modulating and carrier waves for generating gating 

pulses in SPWM. 

 
Table 3: Comparison of carrier and modulating signals 

corresponding to the output voltage 

 
Table 4: Possible switching combinations during fault 

condition 

B. Over Modulation (mi > 1) 

The straight modulation district can be fundamentally 

expanded by adding the zero-arrangement part to the 

regulating signals in SVPWM [18]. Due to the addition of 

the 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. 

 
Fig. 4: Three phase modulating waves in over modulation 

after compensation. 

Therefore, the SVPWM technique is not best 

suitable for those configurations that provide a closed path 

for zero sequence currents (generally, open-end winding 

induction motor drives with a single dc link) [19]. In this 

paper, a modified SPWM technique is proposed to operate 

the configuration in the over modulation region. In this 

technique, whenever an A-phase modulating signal is 

crossing the peak of the upper carrier signal Vtp, it is 

clamped to Vtp. The subtracted magnitude of the A-phase 

signal (i.e., Va − Vtp shown in Fig.4.2.3) is proportionally 
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added to B-phase and C-phase modulating signals such that 

the sum of the three phase modulating signals equal to zero 

(Va + Vb + Vc = 0). Hence, the magnitude added to the B-

phase is given by Vb(Va − Vtp)/Va, and that to the C-phase 

is given by Vc(Va − Vtp)/Va, as shown in Fig.4.2.3.  

 
Fig. 5: Three phase line to-line modulating waves in over 

modulation after compensation. (a) mi = 1, (b) mi = 1.15, (c) 

mi = 1.25, and (d) mi = 1.5. 

The same procedure is followed for the B-phase 

and the C-phase. It is well known that when the modulation 

index is varying between 1 to 2/√3, the maximum of one 

phase modulating a modulation index greater than 2/√3, the 

maximum of two or three phase modulating signals cross the 

peak of the carrier signal simultaneously [23]. Therefore, 

using the proposed method, it is possible to operate the drive 

in the over modulation region up to the modulation index of 

2/√3. Beyond this modulation index, as two modulating 

signals are crossing the peak of the carrier wave 

simultaneously, it results to the considerable reduction in the 

fundamental component. The line-to-line modulating signals 

are shown in Fig.5 for different modulation indexes to 

demonstrate the maximum possible limit of the modulation 

index. It is clearly shown in Fig. 5(a) and (b) that the 

fundamental voltage magnitude is increasing from the 

modulation index of 1 to 2/√3 and it starts decreasing 

from2/√3, as shown in Fig.5(c) and (d). 

V. SIMULATION RESULTS 

A. Proposed Model 

 
Fig. 6: Proposed model of multilevel inverter topology. 

 
Fig. 7: for the Modulation Index 0.4. 

 
Fig. 8: Over modulation (for the modulation index 0.8). 

 
Fig. 9: Modified SPWM control circuit. 

 
Fig. 10: For the Modulation Index 0.4 (a) Voltage across the 

first winding (Va1 – Va2). (b) Voltage across the second 

winding (Va3 –Va4). (c) Effective voltage across the total 

stator phase winding. (d) The stator current (ia). 

 
Fig. 11: For the modulation index 0.8 (over modulation) (a) 

Voltage across the first winding (va1 – va2). (b)Voltage 

across the second winding (va3 –va4). (c)Effective voltage 
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across the total stator phase winding. (d)The stator current 

(Ia). 

 
Fig. 12: For the modulation index 0.4: (a) Inverter-1 pole 

voltage. (b) Inverter-4 pole voltage. (c) The voltage between 

the middle two inverters. 

 
Fig. 13: For the modulation index 0.8 (over modulation) 

(a)Inverter-1 pole voltage. (b) Inverter-4 pole voltage. 

VI. CONCLUSION 

In this thesis the proposed multilevel inverter topology has 

been presented for a four-pole induction-motor drive is 

applied in MATLAB/SIMULINK. The detached two 

IVPWCs are nourished from four two-level inverters. All 

these four two-level inverters are associated with a solitary 

dc source minimizing the power adjusting issues. The 

greatness of dc source voltage prerequisite is likewise less 

contrasted and that of traditional five-level inverter 

topologies. This topology utilizes just two-level inverters; 

henceforth, it is free from capacitor voltage adjusting issues. 

The proposed topology is tentatively confirmed with a 5-hp 

four-post acceptance motor utilizing a research centre 

model. Gating heartbeats are produced utilizing the SPWM 

procedure for the direct modulation area and for the over 

modulation locale utilizing the adjusted SPWM system. On 

account of any switch disappointment of the centre two 

inverters, the topology can be worked as a three-level 

inverter up to the modulation record of 0.5. This will expand 

the dependability of the framework amid blame condition 

when contrasted and ordinary NPC or FC topologies.  

This topology does not require any real outline 

adjustments of the acceptance motor with the exception of 

the separation of IVPWCs. This idea can likewise be 

connected to acquire a higher number of voltage levels for 

the acceptance motor with a higher number of shafts, which 

requires more two-level inverters. 
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