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Abstract— In this project, a new topology of two-stage 

cascaded switched-diode (CSD) multilevel inverter is 

proposed for medium voltage renewable energy integration. 

First, it aims to reduce the number of switches along with its 

gate drivers. Thus, the installation space and cost of a 

multilevel inverter are reduced. The spike removal switch 

added in the first stage of the inverter provides a flowing path 

for the reverse load current, and as a result, high voltage 

spikes occurring at the base of the stepped output voltage 

based upon conventional CSD multilevel inverter topologies 

are removed. Moreover, the inputs are given from Solar, wind 

and Fuel cell. By shifting the clock pulse phase of every 

cascaded unit, the staircase-like output voltage waveforms 

are obtained and a strong suppression ability against 

fluctuations in dc sources is achieved. 
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I. INTRODUCTION 

A. RE Renewable Energy 

The energy from the resource of renewable energy is a type 

of energy which is available abounded from the resources. 

The renewable energy resources are sunlight, tides, waves 

and wind. The renewable energy theatres a vital role in the 

electricity generation. Power generation is made with the 

various method, some of used to produce Electrical energy. 

The energy which is generated from Renewable sources is 

always not continuous throughout a day. The changes in the 

word which is expressed in the form of energy. For the 

country economy, the renewable energy is the important 

factor. 

 
Fig. 1: Renewable Resource 

B. Renewable Energy Types 

1) Solar Energy 

Half breed control framework is an approach as of late 

picking up fame, since the join various wellsprings of 

sustainable power source, for example, sun based, wind, 

smaller than normal hydro-power, and furthermore could 

including customary gertors as help 

 This mix permits the enhancement of the power age 

framework by diminishing emanations from oil based vitality 

sources, these half and half power frameworks can be utilized 

as a part of areas where the power systems have low 

accessibility or when control blackouts are much of the time, 

it is successfully for remote and distant ares, for crossover 

control framework it is critical to pick a decent mix of 

segments and a decent technique. 

2) Wind Energy 

The movement of air is known as wind. The movement of air 

is due to irregular solar heating from sun of earth surface. The 

land and water are two different types which are composed 

by the earth’s surface, which fascinates the sun heat at 

different frequency. The rate of heat on the surface of earth is 

more compare to the surface of water. 

 Winds are created due to air in rush. The velocity of 

wind is more on the surface of wind at the night compare to 

the surface of earth. In atmosphere, the more heat in the 

earth’s equator from the sun than South Pole and North Pole. 

Currently, electricity generation depends on wind energy 

from the resource. The velocity of the wind depends on the 

sun intensity. Meanwhile earliest epochs, persons who take 

connected than the energy of wind. 

3) Fuel Cells 

Electrochemical power sources (EPSs) one of the verity is 

fuel cells but the device is designed where the chemical 

reaction tends to convert the energy in to electrical energy. 

The FC are contrast after the rest of electrochemical power 

sources. The batteries are primary galvanic cells and 

accumulators are secondary galvanic cells, the gaseous 

reactants and liquid reactants are used as supply instead of 

solid reactants which are present in the units for the constant 

supply of reactants and unremitting elimination of the 

reaction products hence fuel cells Wii operate for larger time 

without stop or the disturbance. The natural fuel type where 

the current producing the reaction which is absorbed in the 

fuel process. This leads to the name as fuel cell 

4) Inverter 

Inverter is a device which belongs to electronic device which 

convert the direct current to an alternating current. The design 

of the inverter which is responsible for the control of speed, 

input voltage, output voltage and the frequency of the 

inverter. The inverter which will not generate any power but 

it will supply strode power for the commercial use. The 

inverter device which is composed of either electronic 

components or with the sum of mechanical components. The 

power inverter does not have the moving parts. 

5) Multilevel Inverter 

The Multilevel inverter are the ideal span featuring in 

diligence on behalf of the lofty voltage plus from top to 

bottom muscle applications, Multilevel inverter is having an 
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elevated voltage procedure capability its having down in the 

dumps switching dead even with senior efficiency as well as 

plus a sad production Electro attractive Interference (EMI), 

Multilevel inverter is aptitude near come across the need of 

escalating vigour rating in addition to superiority next its 

reduces the choral distortion. 

 This type of inverter operating at lower switching 

frequency, and it is generate small common mood voltage, 

low distortion of input current and output voltage is less 

distortion this inverters are high voltage can be generated by 

using lower rating devices 

C. Aim of the Project 

 The main goal of mission is to be decrease quantity of 

switches and gate drives. 

 The space of the installation for the multilevel inverter is 

also reduced. 

 The cost of installation is also reduced for the multilevel 

inverter. 

 To provide the solid destruction beside for the 

fluctuations for the sources of dc. 

II. PROPOSED SYSTEM 

The Multilevel inverter topology was introduced in the earlier 

period. Which it is mainly used with the renewable energy. 

The renewable energy which are wind, solar and fuel cells are 

incorporated and converted to DC power in the generating 

stations. After generating the DC power stored in the batteries 

or capacitors. 

 
Fig. 2: Proposed Block Diagram 

 Following luggage compartment of the DC nation 

which is joined toward the multilevel inverter. The Multilevel 

inverter is converted headed for DC strength just before AC 

power. The Multilevel inverter convey with the purpose of 

the voltage well is Abel just before change featuring in on the 

way to the AC voltage source. The Multilevel inverter 

topology above what is usual superiority voltage wave forms 

wherever the switches are operated by the side of same muted 

frequency. 

Multilevel inverter consider which are subdivided in to three 

major types 

1) Cascade multilevel inverter topology 

2) Diode clamped multilevel inverter topology 

3) Flying capacitor multilevel inverter topology 

 Amongst the subdivision of Multi level inverter 

consider the cascade multilevel inverter as concerned more 

because of its structure so simple and in each and every 

cascaded unit. Separate DC power sources are induced. The 

Multilevel inverter convey that the voltage source is Abel to 

convert in to the AC voltage source. The Multilevel inverter 

topology high superiority voltage wave forms where the 

switches are operated at very low frequency. 

 This type of inverter operating at lower switching 

frequency, and it is generate small command mood voltage, 

low distortion of input current and output voltage is less 

distortion this inverters are high voltage can be generated by 

using lower rating devices. 

III. METHODOLOGY OF MULTI-LEVEL INVERTERS 

The Multilevel inverter are the number one wealth clothed in 

commerce intended for the from top to toe voltage after that 

elevated might applications, Multilevel inverter is having a 

area of high pressure voltage business capability its having 

down in the dumps switching side by side plus senior 

efficiency after that moreover a blue harvest Electro 

compelling Interference (EMI), Multilevel inverter is talent 

headed for touch the exact of growing control rating 

moreover condition also its reduces the vocal distortion. 

 This type of inverter operating at lower switching 

frequency, and it is generate small common mood voltage, 

low distortion of input current and output voltage is less 

distortion this inverters are high voltage can be generated by 

using lower rating devices. 

IV. MULTILEVEL INVERTERS MODULATION & CONTROL 

METHODS 

The multilevel inverter can able to classify according to the 

switching frequency. Modulation technique one high 

switching frequency’s and take many commutative for power 

semiconductor in the cycle of fundamental output voltage. 

Multilevel inverter are produced sinusoidal voltage in the 

form of discrete voltage level and pulse width modulation 

strategies, generate the sinusoidal variable voltage and 

frequencies. Implementation of PWM in multi-level inverter 

and high switching frequency method are grounded on the 

sinusoidal PWM. Low switching frequencies are space vector 

modulation is the harmonic eliminator method. 

 The top to toe switching frequencies clothed in the 

trade purpose is sinusoidal PWM with the purpose of are the 

segment shifting technique, toward proliferation effectual 

switching frequency. The harmonics dressed in the insert 

voltage is reduced. Now three direct inverter the freedom 

vector intonation system is used. The limit practice of SVM 

is quiet switching frequencies, its do throw commutation of 

its potential semiconductor. It breed the staircase waveform.  

The three multi flat as a pancake tone is based by the 

sinusoidal PWM in addition to selective choral abolition plus 

multilevel seat vector PWM of two height tone strategies just 

before cut levels. Left over methods lesser than judge against 

just before the further key technique. 

V. PROSPECTIVE SYSTEM OF PROJECT 

The Multilevel inverter topology was introduced in the earlier 

period. Which it is mainly used with the renewable energy. 

The renewable energy which are wind, solar and fuel cells are 

incorporated and converted to DC power in the generating 

stations. After generating the DC power stored in the batteries 

or capacitors.  
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 Gone storeroom of the DC sovereign state which is 

tied on the way to the multilevel inverter. The Multilevel 

inverter is converted just before DC vigor just before AC 

power. The Multilevel inverter convey with the purpose of 

the voltage well is Abel on the way to talk into within in the 

direction of the AC voltage source. The Multilevel inverter 

topology high-pitched superiority voltage wave forms 

anywhere the switches are operated by exact run down 

frequency. 

Multilevel inverter consider which are subdividd in to three 

major types 

1) Cascade multilevel inverter topology 

2) Diod clamped multilevel inverter topology 

3) Flying capacitor multilevel inverter topology 

 
Fig. 3: Renewable Energy System 

 Amid the section of multilevel inverter deliberate 

the cataract multilevel inverter for example worried added as 

of its form accordingly minimal also in the field of both 

moreover all cascaded unit. Independent DC clout sources are 

induced. The cascaded multi smooth inverter which is 

consists of cascaded H connection considerate of multi 

quantity inverter. This cascaded H association gentle of multi 

raze inverter which is veto proper for the reason that it 

requires obese integer of switches by regard headed for their 

gate drives. This leads just before obligation OS switches is 

new therefore the expense of the coordination in addition to 

above the complete method desire me extra dear put side by 

side headed for new multi intensity inverter. This cascaded H 

association humane of multi even inverter which is 

anticipated as a result of the Babaei plus Hosseini. The 

additional multi plane inverter are cascaded partially passage 

multi inverter. This topology now which minimizes the 

partially of the sum of switches which is mandatory instead 

of the cascaded H link breed of multi dead flat inverter. This 

style of inverter which produces additional voltage by means 

of the reduced amount of add up to of switches. 

VI. METHODOLOGY FOR PLANNED TWO-STAGE CSD 

MULTILEVEL INVERTER 

 
Fig. 4: Two-Stage CSD Topology Structure Proposed. 

The two stage CSD topology which is the cascaded of n 

number switches with one spike removal switch at the first 

stage. The switch S11 which is having internal diode D11. 

Hence the switch S11 and the diode of the first stage are 

linked in parallel to each other. This parallel connections are 

to reduce the shoot through singularity of Arm Bridge. The 

value U01 is obtained when the switch S11 is in ON which is 

represented as U1 and when switch S11 is OFF which is 

represented as V0. This result is obtained from unit first. The 

switch Sg is linked in between first unit and nth unit. 

 The switch S11 is ON, S21 ・ ・ ・ Sn1 is off, when 

switch Sg is in ON. And for states of switches S11, S21, ・ 

・ ・, S(n−1)1, Sn1 , 2n different values of ug are obtained. 

The positive staircase like output voltage wave from which is 

obtained from the first stage. To obtain both the positive and 

the negative staircase voltage wave from, the 2nd stage is 

required. 

 The implementation of the second stage which leads 

to get both positive and negative staircase voltage wave from. 

Udc which is always equal to dc source, N level is the count 

of output voltage levels and NIGBT is the sum of the required 

switches. 

State S11 S21 S31 …... 
S(n-

1)1 

Sn-

1 
Ug 

1 0 0 0  0 0 0 

2 1 0 0  0 0 U1 

….        

n 0 0 0  0 1 Un 

n+1 1 1 0  0 0 U1+U2 

.        

2n 1 1 1  1 1  

Table 1: The First Stage Switch Steps values of Ug 

State S1 S2 S3 S4 U0 Condition 

1 1 0 0 1 Ug Ureg>0 

2 0 1 1 0 -Ug Uref<0 

Table 2: The Second Stage switch Steps Values of U0 

VII. EXPERIMENTAL RESULT & DISCUSSION 

The topography of two stage cascaded switched diode of 5 

level. For this circuit hardware prototype is developed. For 
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every cascaded unit by fluctuating the timepiece pulse in 

phase, a staircase like output voltage for 5 level prototype is 

absorbed in the CRO. The basic cascaded system are 

cascaded n times and the in the first stage, the switch which 

removes the spike of stepped out put voltage wave from is 

added. Later the full bridge is added which is known as 

second stage of converter. This leads to the both positive and 

negative output voltage wave from is obtained. This topology 

is suitable for the medium of voltage where the renewable 

energy is incorporated. The installation of space and the cost 

for installation is minimized, load current reverse flow due to 

R L load and spikes due to high voltage at stepped output 

voltage base the switch which removes spikes is added in the 

1st stage on the basis of two stage topology. 

 
Fig. 5: Hardware Prototype 

VIII. SIMULATION RESULT 

MATLAB software is applied for circuit simulation that is 

R2013a version MATLAB is applied to obtain software 

output. Both closed and open loop control is accomplished. 

Biomechanics and Sim power systems of physical modelling 

product family operate along with Simulink for modelling of 

electrical, mechanical and control systems. 

 5-level simulation model output voltage and output 

current without filter. 

 Fig 6 shows that the staircase like output voltage 

without filter of the two stage switched cascaded diode 

topology of 5-level simulation model 

 
Fig 6: Staircase Like Output Voltage without Filter 

 Fig 7 shows that the staircase like output current 

without filter of the two stage switched cascaded diode 

topology of 5-level simulation model 

 
Fig. 7: Staircase Like Output Current without Filter 

 

 5-level simulation model output voltage and output 

current with filter 

 Fig 8 shows that the staircase like output voltage 

with filter of the two stage switched cascaded diode topology 

of 5-level simulation model 

 
Fig 8: Staircase like Output voltage with filter 

 Fig 9: shows that the staircase like output current 

with filter of the two stage switched cascaded diode topology 

of 5-level simulation model 

 
Fig. 9: Staircase Like Output Current With Filter 

IX. CONCLUSION 

The basic cascaded system are cascaded n times and the in 

the first stage, the switch which removes the spike of stepped 

out put voltage wave from is added. Later the full bridge is 

added which is known as second stage of converter. This 

leads to the both positive and negative output voltage wave 

from is obtained. This topology is suitable for the medium of 

voltage where the renewable energy is incorporated. The 

installation of space and the cost for installation is minimized, 

load current reverse flow due to R L load and spikes due to 

high voltage at stepped output voltage base the switch which 

removes spikes is added in the 1st stage on the basis of two 

stage topology. 
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