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In this paper, a new structure for cascaded multilevel inverter (MLI) using a single dc source is presented. The 

conventional type of inverters have many issues like high total harmonic distortion (THD), non sinusoidal 

output, high switching stress and large number of switches. So the multilevel inverters are much popular over 

the conventional inverters for high voltage and high power applications. The increase in the output voltage 

level increases the switches and hence the control complexity. This paper presents a 9-level inverter using a 

single dc source. The input dc supply is given to the multi-output flyback converter and the output is fed to the 

MLI. The multi-output flyback converter requires a single switch. The proposed structure requires reduced 

number switches and gate driver circuit compared to the conventional MLI. The other advantages of this 

topology are the single dc source and reduced THD. The verification of the analytical results is carried out 

using MATLAB/Simulink. 
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I. INTRODUCTION 

To  address  the  ever  increasing  demand  for  

energy  and the  urgent  environmental  impact  

issues  caused  by  human activities  related  to  

energy  production  and  consumption,  one of  the  

most  promising  solutions  is  to  electrify  

transportation for  improved  fuel  efficiency  and  

reduced  emission,  and  to implement  clean,  

renewable  energy  systems  for  electricity 

generation on  a  large  scale  with high penetration 

which  could  reach  a more significant  level of  

penetration  in  the  near  future. 

EDVs  that  include  hybrid  electric vehicles  

(HEVs), plug-in hybrid electric vehicle  (PHEVs), 

and battery  electric  vehicles  (BEVs).The  

treatment  of  old  EV  batteries  is  an  important  

aspect  for the  whole EDV development  cycle.  Old 

EV batteries  that  are not  suitable  for  vehicle  

applications  can  still  have  substantial amount 

(up  to  75 %)  of  capacity  left.  For  instance,  one 

million  of  retired  15  kWh/40kW  EDV  batteries  

with  an average  of  50%  remaining  power  and  

energy  capability  can provide  7,500  MWh  energy  

capacity  and  20,000  MW  power capacity,  a  huge  

waste  if  not  utilized  in  their  secondary 

applications,  such  as  energy  storage  for  grid  

support, which  has  been  identified  as  the  

enabling  technologies  to accommodate  renewable  

sources  into  future  power  systems (e.g.,  Smart  

Grids,  Microgrids,  or  their  combination  with 

conventional  power  networks). However, 

management  of  large  scale  battery  storage  

systems, particularly  with used  EDV  batteries,  is  

very  challenging  task and  also  requires  more  

research  on  power  electronic converters and 
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control methods. Multilevel  inverters  have  

become  workhorse  in  grid connected  

applications  at  medium  and/or  high  voltage  

levels because  in  most  cases  it  is  hard  to  

connect  a  single  power semiconductor  switch  

directly  to  the  gird .  These technologies  are  

employed  to  provide  power  with  low  cost, 

reduced  total  harmonic  distortion  (THD),  

reduced  dv/dt, optimal  size,  and  low  

electromagnetic  interference  (EMI) without  

dissipating  too  much  power. 

In general, multilevel inverter topologies can be 

classified into four main groups: 1) diode-clamped, 

also known as neutral point clamped (NPC) 

inverters; 2) capacitor clamped inverters (also 

called flying capacitor inverters); 3) cascaded 

H-bridge multilevel inverter with separate dc 

sources; and 4) interconnected three phase 

inverters such as Hexagram converter [13, 15, 16, 

18]. Moreover, other types of topologies have also 

emerged such as the one that is implemented by 

means of cascading the fundamental structures 

called hybrid inverters [9, 11, 18]. A good summary 

on various multilevel converters can be found in 

[16]. The diodes in a NPC inverter clamp the voltage 

and the capacitors at the output are in series to 

share the high voltage. As a result, each switch 

stands only with one capacitor voltage [16]. 

However, the inverter suffers from capacitor 

unbalance voltage issue and unfavorably big 

number of clamping diodes when the number of 

voltage level is large [15]. Also, the reverse recovery 

of clamping diodes becomes a major design 

challenge if the inverter runs under pulse-width 

modulation (PWM) for high-voltage high-power 

applications [18]. 

Multilevel inverters have grow to be workhorse 

in grid linked packages at medium and/or 

immoderate voltage tiers because of the truth in 

maximum instances it is difficult to be part of a 

unmarried energy semiconductor transfer 

immediately to the grid. these technology are hired 

to provide power with low fee, decreased usual 

harmonic distortion (THD), reduced dv/dt, 

maximum appropriate length, and low 

electromagnetic interference (EMI) without 

dissipating too lots electricity. In modern day, 

multilevel inverter topologies can be categorized 

into four important companies:  

1) Diode-clamped, additionally known as unbiased 

factor clamped (NPC) inverters;  

2) Capacitor clamped inverters (moreover known as 

flying capacitor inverters);  

3) Cascaded H-bridge multilevel inverter with 

separate dc property; and  

4) Interconnected 3 phase inverters such as 

Hexagram converter. furthermore, different kinds 

of topologies have additionally emerged such as the 

one that is implemented with the useful resource of 

technique of cascading the fundamental structures 

known as hybrid inverters. 

A remarkable summary on several multilevel 

converters the diodes in a NPC inverter clamp the 

voltage and the capacitors at the output are in 

series to percent the immoderate voltage. As a 

result, every transfer stands handiest with one 

capacitor voltage. However, the inverter suffers 

from capacitor unbalance voltage hassle and 

unfavorably huge type of clamping diodes while the 

quantity of voltage degree is huge. Also, the 

opposite healing of clamping diodes will become a 

brilliant design assignment if the inverter runs 

under pulse-width modulation (PWM) for 

high-voltage excessive-power applications.  

In a flying capacitor inverter, the capacitors are 

employed to clamp the voltage all through switches 

in a comparable clamp mechanism of 

diode-clamped inverter, but with more capacitors 

wanted. Therefore, the size of this form of inverters 

gets large quickly whilst the quantity of voltage 

ranges increases. Moreover, this form of inverter 

needs complicated manipulate strategies to 

regulate the floating capacitor voltages.  

Cascaded H-bridge (CHB) inverters do now not 

need any clamping diodes or capacitors as required 

in the formerly discussed inverter topologies. CHB 

inverters have many benefits which includes 

modular structure, immoderate strength first rate 

with pretty small THD due to immoderate form of 

voltage levels and low dv/dt.  Because of these 

features, they had been widely utilized in 

variable-speed stress (VSD), static Var 

compensation (SVC) and distinct flexible AC 

transmission device (information) programs. 

Although, a CHB inverter, as tested in Fig.1.1 

includes low voltage unmarried-section H-bridge 

modules and wants to have a separate dc source 

for each cell-module. If each separate dc property 

goals to be managed such as in battery storage 

systems (i.e., the dc sources arebatteries), the 

control then must be achieved at every unmarried 

segment stage, which is extra complicated than in 

dq body for 3 degrees. Moreover, the dc source 

and/or the dc hyperlink capacitor for every 

H-bridge module will should cope with pulsating 

electricity.  
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Fig1 :Cascaded H-bridge inverter: (a) in step with-unmarried 

segment diagram, (b) An instance 3-phase seven-level inverter. 

 

 Hexagram converters are a kind of 

interconnected 3 segment converter, composed of 

six 3-segment converter modules. The blessings of 

decreased voltage pressure, low element variety, 

low capacitance requirement for dc link, automatic 

voltage balancing and present day sharing and 

integrated fault tolerance make Hexagram 

converters promising in lots of programs wherein 

CHBs have been generally used.  

 Despite the truth that, the Hexagram converter 

needs to have quite huge inductors to suppress the 

circulating present day. The restricted quantity of 

steps in the voltage waveform may also result in a 

higher cost of THD. Moreover, six modules 

similarly and robotically percentage the preferred 

electricity makes the Hexagram converter not 

suitable for large battery storage gadget that 

require power manipulate on every battery module.  

 This project offers a today's topology of a 

cascaded multilevel inverter for excessive voltage 

and excessive power applications such as grid 

connected battery garage systems and 

one-of-a-kind opportunity power resources to 

electricity grid. With reduced quantity of 

components the proposed cascaded multilevel 

inverter calls for best one dc supply thru cascading 

high frequency transformers.  

Well established control techniques may be used 

for this multilevel converter. The PWM 

segment-shifted scheme, a very well-known 

technique in commercial enterprise programs, is 

used for the proposed inverter to reduce the 

harmonics in the output voltage. Simulation and 

evaluation studies had been carried out to verify 

the overall performance of the proposed inverter. 

 

II. PULSE WIDTH MODULATION SCHEMES 

2.1 Internal Pulse Control in Inverter  

Inverter output voltage additionally may be 

adjusted with the aid of workout a control within 

the inverter itself. Pulse width modulation is the 

most usually used approach to manipulate the 

output voltage of inverter, the numerous 

techniques are:  

 Single PWM  

 Multiple PWM  

 Sine PWM  

 Region Vector PWM  

2.2 Pulse Width Modulation  

 Pulse-width modulation (PWM) is the concept 

for control in strength electronics. The theoretically 

zero upward push and fall time of a brilliant PWM 

waveform represents a desired way of riding 

contemporary semiconductor power gadgets. Apart 

from a few resonant converters, the large majority 

of energy digital circuits are controlled by way of 

PWM alerts of diverse forms.  

 The quick growing and falling edges make sure 

that the semiconductor power gadgets are grew to 

come to be on or grew to grow to be off as speedy as 

almost viable to decrease the switching transition 

time and the related switching losses. Despite the 

fact that extraordinary concerns, which includes 

parasitic ringing and electromagnetic interference 

(EMI) emission, may additionally impose a better 

restriction on the turn-on and flip-off velocity in 

realistic situations, 

 The following finite rise and fall time may be left 

out within the assessment of PWM signals and 
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processes in maximum cases. Subsequently 

simplest high-quality PWM indicators with 0 

upward thrust and fall time is probably taken into 

consideration in this financial disaster. 

 
Fig: 2.PWM responsibility cycle evaluation 

 

 Pulse width modulation is a manner in which a 

set enter dc voltage is given to the inverter and a 

managed ac output voltage is obtained via 

adjusting the on and rancid durations of the 

inverter additives. This is maximum famous 

approach of controlling the output voltage and this 

approach is referred to as pulse width modulation 

technique. PWM is an internal manages approach 

and it gives higher quit end result than an out of 

doors control strategies. There are types of PWM 

techniques for variable frequency voltage-sourced 

inverters. An appropriate PWM approach is 

employed that permits you to acquire the require.  

The benefits possessed with the resource of PWM 

method are  

1. The output voltage manipulate with this 

approach may be received without any 

additional components. 

2. With this technique, lower order harmonics 

can be removed or minimized alongside side 

its output voltage manipulates. As higher 

order harmonics can be filtered effortlessly, 

the filtering requirements are minimized.  

The primary disadvantage of this approach is 

that the SCRs are expensive as they have to 

personal low switch on and flip off times. This is the 

maximum famous approach of controlling the 

output voltage of an inverter in commercial 

programs.  

Advantages include – Microprocessor manage – 

green use of power – Tolerance to analog noise – no 

longer susceptible to factor drift.  

 

2.3 Modulation Index  

Modulation index is the ratio of height magnitudes 

of the modulating waveform and the issuer 

waveform. It relates the inverter's dc-hyperlink 

voltage and the importance of pole voltage 

(essential component) Output with the aid of the 

inverter. The ratio of the peak magnitudes of 

modulating wave (VP) and the service wave (VC) is 

defined as modulation-index.  

𝑀=𝑉𝑝/𝑉𝑐    (3.1) 

III. CONVENTIONAL AND PROPOSED MULTILEVEL 

INVERTERS 

3.1 Cascade H-Bridge Multilevel Inverter  

 The boost type H-bridge multilevel converter 

the use of cascade transformers. 4 H-Bridge 

modules are linked to unmarried dc-deliver in 

parallel but in the secondary aspect four 

transformers are associated in series, this make 

the converter length big and their by means of 

increasing fee. Fig.4 .five shows proposed H-Bridge 

multilevel inverter with unmarried dc deliver and 

numerous low frequencies three phase 

transformers, this make the size of the device come 

down with lots much less price tag.  

 Coming to shape factor of view, each primary 

terminal of the transformer is hooked up to an 

H-Bridge module a good way to Synthesize output 

voltages of +VDC, 0, -VDC. Each secondary of 

transformer is hooked up in collection to pile of 

output diploma up. in addition, each phase 

terminal is delta associated with restrain the 1/3 

harmonic thing. Fig.4.5.b indicates primary of 

every segment is three phase and secondary is 

single segment terminal. 

 
Fig: 3.conventional cascade H-Bridge multilevel inverter (9level). 

 
Fig.4. Operational waveforms for 9 level inverter. 
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IV. SIMULATION RESULTS 

 

Fig: 5.Simulation Circuit 

 
Fig: 6 Inverter Voltage and Load Voltage 

 
Fig 7:Load voltage with filter 

 
Fig 8: THD Analysis of Load Voltage (14.85%) 

 
Fig 9: Proposed Circuit 

 
Fig 10: Input Voltage and Load Voltage 

 
Fig 11: Output voltage of the proposed circuit with filter (4.93%) 

 

Comparison Table for THD analysis 

For conventional circuit 14.85% 

For Proposed circuit 4.93% 

 

V. CONCLUSION 

This  project presents  a  new  topology  of  

isolated  multilevel inverter which has a single de 

source with the  help of cascaded high  frequency  

transformers.  The proposed  isolated  multilevel 

inverter  consists  of  three  phase  six-switch  

converters  with reduced  number  of  power  

components  compared  with  the existing  

topologies.  The  proposed  inverter  can  be  used  

for high  voltage  and  high  power  applications  

such  as  grid connected  battery  storage  and  

alternative  energy  systems. Using  three-phase  
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converters  as  building  blocks  enables  dq frame  

based simple control and eliminates the issues  of 

singlephase  pulsating  power,  which  can  cause  

detrimental impacts on certain de sources. 

Simulation studies have been carried out to  

compare  the  proposed multi-level inverter with an  

H-bridge cascaded  inverter.  The  simulation  

results  verified  the performance  of  the  proposed  

inverter.  Though  the  proposed topology  does  not  

show  advantage  in  reducing  the  total amount  of  

harmonics,  the  lower  order  of  harmonics  in  the 

proposed  inverter  have  been  significantly  

reduced,  which makes it easier to filter out high 

order harmonics. 
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