
 
 

International Journal on 
 

“Technical and Physical Problems of Engineering” 
 

(IJTPE) 
 

Published by International Organization of IOTPE 

ISSN 2077-3528 
 

IJTPE Journal 
 

www.iotpe.com 
 

ijtpe@iotpe.com 

March 2023 Issue 54 Volume 15 Number 1 Pages 271-282 

 

271 

31-LEVEL SINGLE-PHASE CASCADED INVERTER WITH MINIMAL 

COMPONENT COUNT 

 

S.N. Tackie 1     N.M. Komi 1     O.C. Ozerdem 2      
 

1. Department of Electrical and Electronic Engineering, Near East University, Nicosia, Northern Cyprus 

samuel.niitackie@neu.edu.tr, komimarvin@gmail.com 

2. Electrical and Electronics Engineering Department, European University of Lefke, Lefke, Northern Cyprus 

oozerdem@eul.edu.tr 

 

 

Abstract- This work proposes a group of new cascaded 

single-phase multilevel inverter topologies. The proposed 

cascaded topologies are based on a string connection of a 

number of submultilevel units and they generate only 

positive output voltage. Therefore, an H-bridge is required 

to generate both positive and negative output voltage. 
Among the proposed topologies is a 31-level single-phase 

inverter composed of two cascaded submultilevel units 

and an H-bridge. The proposed 31-level single-phase 

inverter is realized with minimum component count i.e., 4 

dc sources, 12 unidirectional semiconductor switches and 

driver circuits respectively. The major advantages of the 

proposed topology are better output waveforms, 

generation of higher levels of output voltage with less 

component count, less complex cascaded structure, 

reduced power losses and the utilization of lower rated 

switches. To validate the superiority of the proposed 

multilevel inverter, comparative analysis of existing 

topologies and the proposed inverter are investigated. 

Also, symmetric and asymmetric characteristics of the 

input voltages are analyzed. Finally, the proposed 

multilevel inverter is built and simulated in 

EMTDC/PSCAD software. Simulation results validates 

the theoretical analysis.  

 

Keywords: Asymmetric Multilevel Inverter, Basic Unit, 

Fundamental Frequency Control, Submultilevel. 

 

1. INTRODUCTION                                       

Multilevel inverters (MLI) continue to receive 

maximum attention because they are the preferred 

applicable inverter topology for medium power and high-

power systems. Multilevel inverters offer several 

advantages such as reduced THD content, minimum 

harmonic content, reduced switching losses, minimum 

electromagnetic interference, reduced voltage stress on 

switches, utilization of lower rated switches, high 

efficiency, better output waveforms and are suitable for 

medium and high-power systems [1-2]. Also, multilevel 

inverters are suitable for application in DVR, 

photovoltaics, electric vehicles, FACTS, electrical drives, 

active power filters etc. [3-7].  

Various multilevel inverter topologies have been 

developed over the years. However, there are three 

conventional topologies namely FC (flying capacitor), 

NPC (Neutral-point clamped) and CHB (cascaded H-

bridge) multilevel inverters. Additionally, there are 

prominent topologies such as Hybrid and Modular MLI 

topologies [8]. These topologies are easily controlled by 

any of the following PWM techniques; multi-carrier, 

single pulse, sinusoidal, space vector, third harmonic and 

fundamental frequency control [9]. Limitations of FC and 

DC MLI topologies are the high number of capacitors and 

diodes they require respectively, unbalanced DC link 

states and device voltage magnitude. These limitations are 

absent in CHB topology but also requires high quantities 

of dc sources and power switches [10-11]. With respect to 

input voltage magnitudes, MLI are classified into 

symmetrical MLI where the input voltages are equal and 

asymmetrical MLI where the input voltages are unequal. 

The latter topology generates higher step output voltage 

compared to symmetrical MLI [12]. 

The focus of researchers in the past few years and 

recently is to improve the architecture of MLI topologies 

placing more emphasis on efficiency, minimizing THD 

and reducing the overall component count especially 

switches, dc sources and driver circuits while concurrently 

expanding the levels of output voltage [14-16].  

A new single-phase 31-level cascaded MLI is proposed 

in this research.  The proposed inverter is derived with less 

component quantity i.e., semiconductor power switches, 

dc sources and driver circuits. The proposed topology 

offers superior advantages over some selected issued 

topologies. The rest of this article is segmented into the 

following parts; section 2 presents proposed basic and 

submultilevel units, cascaded structure using 

submultilevel units, symmetric and asymmetric analysis of 

the dc sources. Proposed 31-level topology is presented in 

section 3. Fundamental frequency control technique is 

presented in segment 4. Comparative analysis of the 

proposed   topology and existing topologies are existing 

topologies are presented in segment 5. Results of 

simulation and conclusion are presented in segments 6 and 

7 accordingly. 
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Figure 1. Basic units of the proposed MLI 
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Figure 2. Sub-multilevel inverter topologies 
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Figure 3. Various cascaded structures of the proposed inverter 

 

2. PROPOSED MLI TOPOLOGIES 

The basic units of the proposed single-phase multilevel 

inverter are illustrated by Figure 1. Figure 1a is made-up 

of one dc source and two power switches (unidirectional). 

Adding one dc source and one switch to the circuit of 

Figure 1a will produce the new circuit of Figure 1b capable 

of generating positive and negative output voltages. Both 

dc sources must be equal in magnitude. Figure 2 shows the 

submultilevel units. It is derived by series connection of 

two basic units. Figure 2a has two dc sources and four 

unidirectional switches while Figure 2b has four dc 

sources and six semiconductor switches. If n represent 

each basic unit of Figure 1, then the structures of Figure 2 

are expressed by 2n accordingly. Figure 1a generates 1-

level of positive output voltage while Figure 1b generates 

3-levels of (+V1, 0, −V2) output voltages. Figure 2a 

generates 3-levels of positive output voltages and Figure 

2b generates 5-levels of (negative and positive) output 

voltages. 

An H-bridge structure is required by the topologies of 

Figure 1a and Figure 2a to generate negative output 

voltage. With respect to n, the dc source count and switch 

count for Figures 1a and 2a are computed by Equations (1) 

and (2) accordingly, where QVDC and QSW represent the 

quantity of dc sources and switches accordingly.  Figure 3 

shows various cascaded topologies using the submultilevel 

units of Figure 2a. Each cascaded topology generates only 

positive step output voltage. Figure 3a and Figure 3c 

generates 15-levels and 63-levels of positive step output 

voltage if asymmetric input voltages are utilized. 

Theoretical step waveform (positive 15-levles) of the 

proposed MLI is illustrated below by Figure 4. 
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2.1. Magnitude of DC Sources 

Cascaded multilevel inverters are categorized as 

symmetric or asymmetric considering the value of the 

source/input voltages. Considering symmetric topology, 

value of all dc voltage sources is equivalent while 

magnitude of all dc voltage sources varies in asymmetric 

topologies. With equal number of basic units in the 

respective cascaded structures, asymmetric topologies 

produce higher levels of output voltage compared to 

symmetric topologies. Based on the above characteristics, 

symmetric and asymmetric computation of the dc sources 

is provided next subsection. 

 

2.1.1. Symmetric DC Sources 

      Considering Figure 2, if the magnitude of input 

voltages is equal (symmetric characteristic) then 3-levels 

and 5-levels of output voltages are generated by Figure 2a 

and Figure 2b respectively.  Let n represent the number of 

basic units in a given structure such as Figure 2a, therefore 

maximum/peak output voltage (Vo,n,max) is expressed as: 

 For n = 2, the maximum output voltage is computed by:  

1 2

,2,max 1 2 2

dc

o dc

V V V

V V V V

= =


= + =
 (3) 

For n = 3, the maximum output voltage is computed by:  

1 2 3

,3,max 1 2 3 3

dc

o dc

V V V V

V V V V V

= = =


= + + =
 (4) 

For n = 4, the maximum output voltage is computed by:  

1 2 3 4

,4,max 1 2 3 4 4

= = = =


= + + + =

dc

o dc

V V V V V

V V V V V V
 (5) 

For n = 5, the maximum output voltage is computed by:  

1 2 3 4 5

,5,max 1 2 3 4 5 5

= = = = =


= + + + + =

dc

o dc

V V V V V V

V V V V V V V
 (6) 

For n = 6, the maximum output voltage is computed by:  

1 2 3 4 5 6

,6,max 1 2 3 4 5 6 6

= = = = = =


= + + + + + =

dc

o dc

V V V V V V V

V V V V V V V V
 (7) 

Therefore, symmetric maximum/peak output voltage 

of the proposed MLI is expressed by: 

,max =o dcV nV  (8) 

Similarly, the output voltage levels for symmetric dc 

sources of the proposed MLI Figure 2a is computed as: 

For n = 2, the maximum output voltage level is computed 

by:  

1 2
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1 3

dc
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LEVEL
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= + = −

 (9) 

For n = 3, the maximum output voltage level is computed 

by:  
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1 4
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LEVEL
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 (10) 

For n = 4, the maximum output voltage level is computed 

by:  

1 2 3 4
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1 5

dc
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For n = 5, the maximum output voltage level is computed 

by:  
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Figure 4. Positive 15-level waveform of proposed inverter 

 

For n = 6, the maximum output voltage level is computed 

by:  

1 2 3 4 5 6

0,2,max 1 2 3 4 5 6

1

6

1 7

 = = = = = =


= + + + + + =


= + = −

dc

dc

LEVEL

V V V V V V V

V V V V V V V V

N n Levels

 (13) 

 

2.1.2. Asymmetric DC Sources 

Asymmetric feature of the dc source implies a variation 

in the value of the dc sources. In asymmetric dc magnitude 

computation, binary or trinary computations are possible, 

the later produces more output levels compared to binary 

topologies.  

Considering Figure 2, if the magnitude of input 

voltages is unequal (asymmetric characteristic) then 4-

levels and 7-levels of output voltages are generated by 

Figure 2a and Figure 2b, respectively.   

Let n represent the number of basic units in a given 

structure such as Figure 2a, therefore maximum or peak 

output voltage (Vo,n,max) is expressed as: 
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For n = 2, the maximum output voltage is computed as: 

1

2
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For n = 3, the maximum output voltage is computed as:  
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Again, for n = 3, maximum output voltage is computed as: 
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For n = 4, the maximum output voltage is computed as:  
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Again, for n = 4, maximum output voltage is computed as:  
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For n = 5, the maximum output voltage is computed as:  
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Again, for n = 5, maximum output voltage is computed as:  
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For n = 6, the maximum output voltage for is computed as:  
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Again, for n = 6, maximum output voltage is computed as:  
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Similarly, the output voltage levels for asymmetric dc 

sources of the proposed MLI Figure 2a are expressed by: 

For n = 2, the maximum output voltage level is computed 

as:  
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For n = 3, maximum output voltage level is computed as:  

1

2

3

0,3,max 1 2 3

1

2

3

6

2 1 7

 =


=


=
 = + + =

 = + = −

dc

dc

dc

dc

LEVEL

V V

V V

V V

V V V V V

N n Levels

 (24) 

Again, for n = 3, the maximum output voltage level is 

computed as:  

1

2

3

0,3,max 1 2 3

1

2

4

7

2 2 8

 =


=


=
 = + + =

 = + = −

dc

dc

dc

dc

LEVEL

V V

V V

V V

V V V V V

N n Levels

 (25) 

For n = 4, maximum output voltage level is computed as:  
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Again, for n = 4, the maximum output voltage level is 

computed as:  
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For n = 5, maximum output voltage level is computed as:  
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Again, for n = 5, the maximum output voltage level is 

computed as:  
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For n = 6, maximum output voltage level is computed as:  
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For n = 6, maximum output voltage level is computed as:  
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From the above asymmetric and symmetric analysis of 

the magnitude of the dc sources, it’s evident that 

asymmetric topologies generate higher levels of output 

voltage than symmetric topologies. Therefore, utilizing 

asymmetric dc sources in the proposed single-phase 

topology will result in an inverter composed of less power 

switches, less dc sources, reduced inverter size and 

volume. The proposed multilevel inverter of Figure 3a 

comprises eight semiconductor switches and four dc 

voltages. The switching sequences is shown in Table 1, the 

voltage values are equivalent to that of Equation (27). In 

the explanation below, only positive output voltage 

generation is given.  

Maximum positive voltage of 15Vdc is generated during 

the 15th state where switches S1, S3, S5, S7 conducts while 

the remaining switches are in the voltage blocking mode. 

Output voltage of the 14th state is positive 14Vdc and in 

this state S2, S3, S5, S7 are active while the remaining are 

inactive. In the 13th state, the conducting switches are S1, 

S4, S5, S7 while the remaining switches are non-conducting 

and this generates positive 13Vdc. In 12th state, positive 

12Vdc is generated by conducting switches S2, S4, S5, S7, 

the rest of the switches are in voltage blocking mode. 

During the 11th state, the active switches are S1, S3, S6, S7 

generating positive 11Vdc.   

 
Table 1. Switching Pattern 

 

State Switches DC Sources Output Voltage  

1 S1, S4, S6 and S8 V1 1Vdc  

2 S2, S3, S6 and S8 V2 2Vdc  

3 S1, S3, S6 and S8 V1 + V2 3Vdc  

4 S2, S4, S5 and S8 V3 4Vdc  

5 S1, S4, S5 and S8 V1 +V3 5Vdc  

6 S2, S3, S5 and S8 V2 + V3 6Vdc  

7 S1, S3, S5 and S8 V1 + V2 + V3 7Vdc  

8 S2, S4, S6 and S7 V4 8Vdc  

9 S1, S4, S6 and S7 V1 + V4 9Vdc  

10 S2, S3, S6 and S7 V2 + V4 10Vdc  

11 S1, S3, S6 and S7 V1 + V2 + V4 11Vdc  

12 S2, S4, S5 and S7 V3 + V4 12Vdc  

13 S1, S4, S5 and S7 V1 + V3 + V4 13Vdc  

14 S2, S3, S5 and S7 V2 + V3 + V4 14Vdc  

15 S1, S3, S5 and S7 V1 + V2 + V3 + V4 15Vdc 

16 S2, S4, S6 and S8 - 0 

 

In the 10th state, the conducting switches which 

generate 10Vdc are S2, S3, S6, S7. In the 9th state, active 

switches which produce 9Vdc positive voltage are S1, S4, 

S6, S7. In the 8th state, conducting switches S2, S4, S6, S7 

generate positive 8Vdc. During the 7th state, positive 7Vdc 

voltage is generated by the following active switches; S1, 

S3, S5, S8. In the 6th state, 6Vdc is generated by the active 

switches S2, S3, S5, S8 while the remaining switches are in 

voltage blocking state. During the 5th state, active 

switches are S1, S4, S5, S8 generate 5Vdc. In the 4th state, 

conducting switches are S2, S4, S5, S8 and the generated 

output voltage is 4Vdc. During the 3rd state, the generated 

voltage is 3Vdc by the following conducting switches S1, 

S3, S6, S8. In the 2nd state, produced voltage is 2Vdc by the 

following conducting switches S2, S3, S6, S8 and finally the 

1st state produces Vdc voltage when the following power 

switches S1, S4, S6, S8 are active.  

Zero voltage is generated when all switches connected 

to dc voltage sources are open i.e., S2, S4, S6, S8 are turned-

on. These various states of switching are illustrated by 

Figure 5a to Figure 5p and Table 1 shows the switching 

pattern of the inverter for positive stepped output voltages. 
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Figure 5. Switching states of proposed positive 16-level inverter 

 

3. PROPOSED CASCADED 31-LEVEL MLI 

Figure 6 shows the power circuit of the proposed 

cascaded 31-level single phase asymmetrical MLI. The 

proposed asymmetrical MLI is derived by cascading two 

submultilevel units of Figure 2a. Incorporating an H-

bridge structure will enable the generation of positive and 

negative step output voltages. The component count for the 

proposed 31-level inverter are four dc sources, twelve 

unidirectional switches and twelve driver circuits.  

The output voltage level count and component 

quantities are computed by Equation (32). Where 
dcVQ is 

the dc source count, 
WSQ and 

RDQ represent the quantity 

of switches and driver circuit accordingly. LEVELQ  and 

MAXOV are the output voltage level and maximum output 

voltage, respectively.  

4

12

31

15

dc

W R

MAX

V

S D

LEVEL

O dc

Q

Q Q

Q

V V

=


= =


=
 =

 (32) 
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Figure 6. Proposed cascaded 31-level MLI inverter  

 

3.1. Computation of Power Losses  

Power losses of converters are determined by 

evaluating the following parameters. Conduction power 

losses, switching and standing voltage power losses. 

However, the standing voltage power losses are negligible 

but useful in converter cost determination.     

 

3.1.1. Switching Power Losses 

Switching power losses of converters are determined 

during the switching period of switch-on (turn-on) and 

switch-off (turn-off) of individual switches. For the 

proposed MLI, the switching power losses are computed 

as energy losses. Therefore, energy losses during the stage 

of switch-on and switch-off are given by Eon and Eoff 

respectively. Let PSW represent total switching losses. 

From Equation (33), the off-state switch voltage is given 

by Vsw. Also, the switch current during the period of 

switch-on and switch-off are expressed by I and I’ 

respectively. Finally, switch-on time and switch-off time 

are expressed by ton and toff   respectively. Solving 

Equations (33) and (34) will yield final PSW Equation (35). 

,

0

'
,

,

0

'
, ,

( ) ( )

( )

1

6

on

on

t

on k

t
sw k

on k on
on on

on k sw k on

E v t i t dt

VI
E t t t dt

t t

E V I t


 =



   
= − −     

     

 =





  (33) 

,

0

,
,

0

, ,

( ) ( )

( )

1

6

off

off

t

off k

t

sw k
off k off

off off

off k sw k off

E v t i t dt

V I
E t t dt

t t

E V It


 =



    
= − −           


 =





  (34) 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 54, Vol. 15, No. 1, Mar. 2023 

278 

, ,

, ,

1 1 1= − =

 
 = +
 
 

  
switch on k off kN N N

s on k off kSW

k i i

P f E E  (35) 

 

3.1.2. Conduction Power Losses 

Conduction power losses of a converter occurs when 

the power switches are conducting. The applied 

semiconductor switches of the proposed multilevel 

inverter are unidirectional switches with respect to the 

voltage and each switch is composed of one diode which 

antiparallel connected to an IGBT. Therefore, the 

conduction power losses of the diode and IGBT are 

computed separately and summed-up to give the 

conduction power losses of the converter. Let PC,T and PC,D 

represent IGBT conduction power losses and diode 

conduction power losses accordingly. The value of β is 

dependent on the type of semiconductor switch employed 

and it’s a constant value provided by the manufacturer. 

From Equation (36), the resistance of the IGBTs and 

diodes are expressed by RT and RD respectively. Also, the 

IGBT voltage and diode voltage are expressed by VT and 

VD accordingly. Solving Equations (36) and (37) will yield 

the final PC in Equation (38). The overall inverter losses 

and efficiency are computed by Equations (39) and (40) 

accordingly. 
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, ,C C T C DP P P= +  (38) 

Therefore, absolute power loss PLoss of the inverter is 

computed by: 

Loss sw CP P P= +  (39) 

Efficiency  of the inverter computed by: 

out in Loss

in in

P P P

P P


−
= =  (40) 

 

3.2. Blocking Voltage 

Blocking or standing voltage of a power electronic 

converter is determined by computing the off-state 

maximum voltage of individual power switches then 

summing them to give the total standing voltage of the 

converter. Standing voltage has a direct relationship with 

the cost of a converter. The higher the standing voltage, the 

higher the cost of converter. Similarly, the converter cost 

is reduced if the standing voltage is less. The proposed 

multilevel inverter of Figure 6 has 12 unidirectional power 

switches; 8 in the main circuit and 4 in the H-bridge. 

Hence, the standing voltage (VStanding) of the proffered 

multilevel inverter is determined by:  

, ,

1 1

js

Standing s k j

k j

V V
= =

=  (41) 

where, Vs,k,j is the blocking voltage of unidirectional 

switches Sk,1, Sk,2 … Sk,12 for the kth switch. The blocking 

voltage of the 8 main circuit switches are expressed by: 

1 2
1= =S S dcV V V  (42) 

3 4
2= =S S dcV V V  (43) 

5 6
4= =S S dcV V V  (44) 

7 8
8= =S S dcV V V  (45) 

The blocking voltage of the 4 H-bridge switches are 

expressed by: 

9 10 11 12
15= = = =S S S S dcV V V V V  (46) 

Hence, the absolute standing voltage of the converter is 

computed as: 

2(15 ) 4(15 ) 90= + =Standing dc dc dcV V V V  (47) 

90 90(15V) 1350 V= = =Standing dcV V  (48) 

 

4. FUNDAMENTAL FREQUENCY CONTROL 

Nearest level control (NLC) also known as 

fundamental frequency control (FFC) is employed in 

switching the proposed single-phase multilevel inverter. 

Figure 7 shows the concept of NLC operations in 

producing 7-levels of output voltage. To generate each 

voltage level, the reference voltage is compared to the step 

voltage, the intersecting point determines the voltage level 

to be selected. If this point is closer to upper voltage level, 

then that magnitude of output voltage is generated. 

However, if the point is closer to the lower voltage level, 

then that magnitude of voltage is generated. Basically, 

NLC enables selection of closest (nearest) voltage level to 

be generated by the proposed MLI. For three-phase 

inverter control, each phase is controlled independently 

with phase difference of 120. NLC technique is much 

simplified with respect to its algorithm when compared to 

NVC (nearest vector control) because selecting the closest 

value is simple. In three-phase inverter control, NLC 

provides independent phase controls unlike SVC which 

controls three-phase inverters directly. 

 

5. COMPARATIVE ANALYSIS 

The proposed 31-level single-phase MLI is juxtaposed 

with other multilevel inverter topologies with respect to 

output voltage levels, dc voltages, switch as well as driver 

circuits and total component count. This comparative 

analysis, illustrated in Table 2 enables us to showcase the 

merits and demerits of the proposed MLI. All referenced 

topologies in Table 2 generate 31-levels of output voltage. 

Considering quantity of switches (IGBT), the proposed 

topology and reference [22] require the least quantity of 

switches, reference [20] utilizes the highest quantity of 

switches and driver circuits. Considering the quantity of dc 

sources required, the proposed topology utilizes 4 dc 

sources which is equivalent to the dc source required by 

references [17] and [19]. References [18] and [22] used 3 

dc sources respectively. Also, references [20] and [21] 

used 2 dc sources, respectively.  
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Figure 7. NLC technique 

 
Table 2. Comparative Analysis 

 

Topology [17] [18] [19] [20] [21] [22] [23] Proposed 

Output Level, NL 31 31 31 31 31 31 31 31 

Switches, NIGBT 16 14 14 18 16 12 14 12 

Driver Circuit, NDR 12 12 14 18 16 12 10 12 

DC Source, NDC 4 3 4 2 2 3 6 4 

Capacitors, NC - - - 4 4 4 - - 

Diodes, ND - - - 2 2 - - - 

Total Components 32 29 32 44 40 31 30 28 

 

However, they also used 4 capacitors each. Reference 

[22] used 3 dc sources and 4 capacitors. Reference [23] 

used the highest number of 6 dc sources. The proposed 31-

level multilevel inverter does not utilize extra diodes or 

capacitors. But, references [20], [21] and [22] used diodes 

and capacitors. With respect to the number of driver circuit 

required, the proposed topology together with other 

topologies require less numbers, however, the topology in 

[23] requires the barest minimum quantity of driver 

circuits. Considering total components needed, proffered 

topology needs the barest minimum component count. 

 

6. SIMULATION RESULTS 

This section provides simulation studies for the 

proposed cascaded single-phase 31-level inverter 

illustrated by Figure 6. The cascaded structure is made-up 

of two submultilevel units having 4 dc sources, 12 power 

switches and RL load. Simulation of the proposed inverter 

was done by building its power circuit in PSCAD/EMTDC 

software. Table 3 shows the simulation parameters. 

Figures 8 to 10 shows output waveforms of the proffered 

cascaded multilevel inverter.  

 
Table 3. Simulation Parameters 

 

Parameters Magnitude 

Switching Frequency, fs 50 kHz 

Load frequency, fo 50 Hz 

DC Sources, Vdc 
1 2

3 4

15V,   30V

60V,   120V

V V

V V

= =

= =
 

Modulation Index 1 

Load Resistance, R 50 Ω 

Load Inductance L 0.055 H 

The load voltage and reference voltage waveforms are 

shown by Figure 8. As depicted by the waveforms, the step 

load voltage waveform is perfectly superimposed on the 

reference sinusoidal waveform. The maximum load 

voltage is 225 V with a frequency of 50 Hz. Varying the 

magnitude of input voltages will vary the magnitude of the 

output voltage. Figure 9 shows the load current waveform 

with a peak value of 4.23 A. Figure 10 shows the standing 

voltage waveforms for every switch in the proffered 31-

level inverter. The standing voltage across switch S1 and 

S2 is 15 V. The standing voltage across switch S3 and S4 is 

30 V. The standing voltage across switch S5 and S6 is 60 

V. The standing voltage across switch S7 and S8 is 120 V. 

All the switches in the H-bridge have equal standing 

voltages i.e., S9, S10, S11 and S12 have 225 V standing 

voltage across them. The load voltage and current 

waveforms contain less distortion i.e., they are perfect 

sinusoidal waveforms. 
 

 
 

Figure 8. Load voltage and reference voltage waveforms 

 

 
 

Figure 9. Load current waveform 
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Figure 10. Standing voltage waveforms of switches 

 

7. CONCLUSIONS 
New cascaded multilevel inverter topologies based on 

basic and submultilevel units are introduced by this paper. 
The submultilevel units are derived by cascading two basic 
units. The proposed cascaded topologies generate only 
positive output voltages and thus require an H-bridge to 
generate negative output voltages. The peak load voltage 
and load voltage levels of the proffered multilevel inverter 
are examined under symmetric and asymmetric dc voltage 
characteristics. Among the proposed topologies is a 
cascaded 31-level single-phase inverter composed of two 
cascaded submultilevel units and an H-bridge. The 
components count are 12 unidirectional switches, 4 dc 
sources, 12 driver circuits and an RL load. Comparative 
evaluation of the proposed 31-level inverter and some 
published topologies show that the proposed MLI utilizes 
less quantities of components i.e., the quantity of dc 
voltage sources, IGBTs and driver circuits required are 
less. Also, comparing the proposed topology to cascaded 
H-bridge, flying capacitor and diode-clamped MLI shows 
that these conventional topologies require more dc 
sources, IGBTs, clamping diodes and flying capacitors. 
Also, higher levels of output voltage are not possible in 
diode-clamped and flying capacitor topologies because the 
power circuit becomes complex and difficult to control. 
The proposed 31-level inverter requires less components 
which means that, the size, volume and installation area 
minimized. Using lower rated switches is based on 
reducing the standing voltage which translates to reduced 
inverter cost. Also, lower rated switches have less dv/dt 
stress and therefore perform better. Theoretical power loss 
computation, standing voltage computation and simulation 
are provided. Simulation of proposed inverter was carried 
out by building its power circuit in PSCAD/ EMTDC 
software. The load voltage, current and standing voltage 
waveforms perfectly align with the theoretical waveforms. 
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