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Abstract-The most significant recent advances in power electronics is photovoltaic power systems are becoming more 

widespread with the increase in the energy demand and also reduces the environmental pollution around the world. Out of 

different structures of multi level inverters, Cascaded H Bridge (CHB) inverter is more suitable converter for PV applications 

since each PV panel can act as a separate DC source for each cascade H bridge module. It has many inherent benefits likes:(1)its 

modular structure, (2) it can be easily implemented through the series connection of identical H-bridges, (3) generate near 

sinusoidal voltages with only fundamental frequency switching and finally and (4) no electromagnetic interference or common 

mode voltages. This flexibility has resulted CHBMLI topology in various applications like medium-voltage industrial drives, 

electric vehicles and the grid connection of photovoltaic-cell generation systems. The main disadvantages of the cascade 

multilevel inverters is a need of an isolated dc voltage sources for each H-bridge, due to this reason size of the inverter and cost 

increases, by virtue of which reliability of the system reduces. This Disadvantage of inverter is the key motivation for the present 

work .In this paper Cascaded Multilevel inverter for grid inter facing of photovoltaic generating system is presented with 

reduced dc source to show the benefits of cascade the PV system. Theperformance of the cascaded multilevel inverter with 

fundamental switching scheme for different levels is studiedthrough simulation using MATLAB. A Mathematical model 

for Photo Voltaic system is developed and implemented with themultilevel inverter. 

 

I. Introduction 
In present scenario peoples are more and more concerned with the fossil fuel exhaustion and the environmental 

problems caused by the conventional power generation ,renewable energy sources such as solar energy, wind power, 

hydro, and other renewable Energy sources are wildly used for energy generation[1].This trend will continue during 

the next years because the energy produced by renewable sources is expected to satisfy 25% and more than 50% of 

the total needs of power in 2020 and 2050, respectively[2].Solar energy conversion system playing a vital 

importance in power generation due to its easy availability and eco-friendly nature and its demand has grown 

consistently by 18% to 25%per annum over the past 20 years, which is mainly due to the decreasing costs and prices 

of PV panel. This decline hasbeen driven by the following: 1) an increasing efficiency of solar cells; 2) 

manufacturing-technology improvements; and3) economies of scale. A PV inverter, which is an important element 

in the PV system, is used to convert dc power from the solar modules into ac power [3]. The cascaded multi-level 

inverter has been widely used in high voltage fields. It has the advantages of good output waveform, low switching 

stress. Its structure is suitable for modularization. It is a kind of suitable choice of replacing the existing PWM 

inverter [4]. The multi level has entered a new stage of development; there have been a variety of topologies which 

can be summed up in three kinds that divided into the following ways: diode-clamped structure(DMS), and 

Capacitor-clamped structure (CCS) and H-bridge cascade structure [5]. Compare with other two structures, 

theCascaded multi -level inverter structure (CMIS) needs the least components when the power level is the same 

that it iseasy to implement redundant module with simple control, and can be mixed to achieve a combined 

application of a variety ofdevices that it is most viable under high-voltage output[6]. 
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Figure 1.Equivalent Circuit of a PV Device including the Resistances 

 

The equivalent circuit of PV cell is shown in above diagram the PV cell is represented by a parallel with diode. 

Rsand Rp represent series and parallel resistance respectively. The output current and voltage cell are represented by 

I and V [7]. 

 

 
 

Figure 2.Characteristic I–V curve of the PV cell 

 

The I-V characteristics of PV cell are shown in Figure 2. The net cell current I is composed of the light-generated 

current Ipvand the diode current Id. 

I= Ipv- Id                                         (1) 

Where: 

Id= Io exp(qv/akT) 

Io= leakage current of the diode 

q= electron charge 

k= Boltzmann constant 

T= Temperature of pn junction 

a= diode ideality constant. 

The basic equation (1) of the PV cell does not represent the I–V characteristic of a practical PV array. Practical 

arrays are composed of several connected PV cells and the observation of the characteristics at the terminals of the 

PV array requires the inclusion of additional parameters to the basic equation[8]. 

 
 

Where: 

 

Vt= NskT/q is the thermal voltage of the array with Ns cellsconnected in series. Cells connected in parallel increase 

thecurrent and cells connected in series provide greater outputvoltages. The I-V characteristics of a practical PV cell 

withmaximum power point (MPP), short circuit current (Isc) andopen circuit voltage (Voc) is shown in Figure 3. 

The MPPrepresents the point at which maximum power is obtained[9]. 
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Figure 3.Characteristic I–V curve of the PV cell with MPPT 

 

Vmp and Imp are voltage and current at MPP respectively.The output from PV cell is not the same throughout the 

day; itvaries with varying temperature and insulation (amount ofradiation). Hence with varying temperature and 

insulationmaximum power should be tracked so as to achieve theefficient operation of PV system[10].According to 

the MIL-HDBK-217F standard, the Systemreliability is indirectly proportional to the number of itscomponents, it 

means that less the components more thereliability. On comparing with m-level DMS, CCS, andP2MS, which use 

m-1 capacitors on the dc bus, the CMIS usesonly (m-1)/2 capacitors for same m-level[11].Due to thisreason, many 

researchers are addressing their efforts inproposing new inverter topologies or in improving the existingones, aiming 

at modifying the quality of the energy availableat the inverter terminals. Among them, pulse-width 

modulated(PWM) multilevel inverters (MLIs) are gaining bothpopularity and applications, becoming an effective 

alternativeto current inverter topologies (CIs)[12].There are three basic multi-level inverter topologies 

(MLIs):neutral-point-clamped and flying-capacitor MLIs, requiringonly one dc source, and cascaded H-bridge MLI 

(CHB-MLI),requiring separate dc sources. This characteristic, which is adrawback when a single dc source is 

available, becomes a veryattractive feature in the case of PV systems, because solar cellscan be assembled in a 

number of separate generators. In thisway, they satisfy the requirements of the CHB-MLI, obtainingadditional 

advantages such as a possible elimination of thedc/dc booster (needed in order to adapt voltage levels), asignificant 

reduction of the power drops caused by sundarkening (usually, it influences only a fraction of the overallPV field), 

and, therefore, a potential increase of efficiency andreliability.Many authors has proposed new modulation 

technique andmany other ways to increase the efficiency and reduced theTHD of output current.In this paper we are 

also try to implement such a system bywhich THD can be reduced and we can get the smooth outputwaveform. So 

that the user can get the good quality ofalternating current[13].A significant problem in multilevel inverter design is 

thecomplexity of their control and of their pulse widthmodulation method .Many authors proposed 

differentsolutions. In the case of converters for PV generators, anotherimportant issue is the achievement of the 

maximum powerpoint tracking(MPPT). Different algorithms have been proposed for maximum power point 

tracking[14]. 

 

II. MLI FOR PV APPLICATIONS 

 

In the Fig. 4 we can see the cascade multilevel inverterconsisting of k dc generators and k cascaded H-

bridgesarranged in a single-phase multilevel inverter topology.Each dc generator consists of PV cell arrays which 

can beconnected in series and/or in parallel, thus we can obtain thedesired output voltage and current. H-bridges 

basically consistof four metal–oxide–semiconductor field-effect transistors(MOSFETs) which are embedding with 

anti parallel diodeand a driver circuit for the proper switching operation[15].Three-phase systems can be realized by 

delta or wyeconnection of three single-phase systems. The number n of Hbridgesdepends on the number p=2n+ 1 of 

desired levels,which has to be chosen by taking into account both theavailable PV fields and design 

considerations:The higher the number of levels, the better the sinusoidalvoltage and the current waveforms we can 

get. However, thenumber of levels increases the complexity level and the cost ofthe system while reducing its 

switching frequency incomparison with two-level and three level inverter output[16].From the energy point of view, 

it can be noticed that,Even if the amount of switching losses increases proportion all  to the number of devices in 

series, the transistor [MOSFET or insulated-gate bipolar transistor (IGBT)] conduction resistance decreases when 

using devices with lower maximum applicable voltage. Hence, by this ways we can make the total losses lower 

using a multilevel inverter rather than using a two-level converter [17]. We know that the MOSFET is low voltage 

and high switching frequency devices .The instantaneous total output voltage of the n-level cascade inverter is 
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The i-stage output voltage.  
Each H bridge can be driven by with a suitable duty cycle or a PWM pattern, thus the result will be staircase without 

or with embedded PWM [18]. In the considered single-phase 230-V system, the cells are arranged into four distinct 

arrays, thus resulting in a nine-level converter, which can be considered a reasonable trade off among complexity, 

performance, and cost [19]. 

 
Figure 4.Two H bridge inverter in cascade to generate the 9 level output. 

 

 

III. Transformer less Inverters for solar photo voltaic 
  A. What is a transformer less (TL) inverter?  

The differences between standard or conventional inverters and transformerless inverters are:  

i. Conventional inverters are built with an internal transformer that synchronizes the DC voltage with the AC output.  

ii. Transformerless (TL) inverters use a computerized multi-step process and electronic components to convert DC 

to high frequency AC, back to DC, and ultimately to standard-frequency AC.  

 

B. Transformer less (TL) Inverter Appeal:  

Transformers less inverters are light, compact, and relatively inexpensive. Since transformerless inverters use 

electronic switching rather than mechanical switching the amount of heat and humidity produced by standard 

inverters is greatly reduced. TL inverters maintain the unique ability to utilize two power point trackers that allow 

installations to be treated as separate Solar PV Systems. In other words with TL inverters, Solar PV Panels can be 

installed in two different directions (i.e. north and west) on the same rooftop and generate DC output at separate 

peak hours with optimal effects. Traditional inverters work through only one power point, which means panels that 

are performing at lower frequencies will lower DC output for the entire system. 

 

C.Possible Benefits of using a Transformer less Inverter:  

i. Usually much lighter in weight than inverters with transformers.  

ii. Have higher efficiency ratings  

iii. Capable of dual MPPT inputs, depending on manufacturer  

iv. Lower cost and size  

v. Embodied energy.  

 

D. Transformer less (TL) Inverter Considerations:  

Transformerless inverters does not have electrical isolation between DC and AC circuits. This may raise some 

grounding and / or lightning protection concerns. In order for transformerless inverters to comply with NEC 

specifications specially designed and more expensive PV Wire must be used. Transformers less inverters have been 
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developed for use with Grid-Tie Solar PV Systems, so Off-Grid systems users will not necessarily achieve the same 

benefit yet.  

 

E. Inverter Efficiency:  

Inverter efficiency is determined by the percentage measurement of energy convergence (i.e. the closer to 100% of 

DC to AC convergence for the longest amount of time the more refined inverter efficiency). When calculating 

efficiency it is important to include peak and off-peak performance percentages in addition to how often your 

inverter is operating at rated capacity. 

 
 

Fig 5 Comparison of Transformer vs Transformerless Inverter 

 

Studies show that even a small percentage increase in inverter efficiency means the power supply increase can be 

quite significant if factored throughout the life span of the inverter.  

 

F.  Installation Considerations for TL Inverters:  

i. The positive and negative PV source circuits must BOTH be switched and over-current protected with TL 

Inverters.  

ii. The PV array equipment must still be grounded, but not the PV source.  

iii. The modules and the source circuits must use wire rated PV WIRE or PV CABLE.  

iv. The negative conductor of the PV array is not grounded, and therefore shall no longer be colored white when 

terminating at the inverter or disconnect. Refer to NEC 690.35 for some relevant TL inverter information  

v. PV source circuits shall be labeled with the following warning at each junction box, combiner box, disconnect, 

and device where the ungrounded circuits may be exposed during service:  

 

G. Safety:  

Unlike their conventional counterparts, transformerless inverters lack electrical isolation between DC and AC 

circuits. This may raise safety concerns. However, safety mechanisms such as isolation resistance tests and residual 

current measurement can lower the risk of shock. In Australia, the installation of photovoltaic systems is regulated 

under AS 5033 and must comply with safety standards. It is important to note that TL inverters have been common 

in Europe for the last decade or two, even though they are relatively new to Australia.  

 

 

IV. SIMULATION STUDY 

 
Simulation study results of PV fed single phase CHB MLI ispresented for five levels in in this paper. The 

performance offive level a is presented here. Further, the effect of change inPV input parameters is studied in detail 

through simulation inthis. 

 

A. Simulation of PV Module 

The modeling of PV cell is done based on [7] .The PSCAD4.2 model of PV is developed with irradiation 

andtemperature as two input parameters. The photovoltaic currentIpv and diode current Id are modelled using 

equations (1) and(2).Series resistance Rs and parallel resistance Rp arecalculated by considering MPP as operating 

point. 
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B. Simulation of PV Fed CHB Inverter 

Five-level inverter simulating in PSCAD 4.2 is presentedhere, and a detailed performance analysis is done in terms 

ofharmonic contents, voltage stress across the switches andnumber of switches needed. The inverter output voltage 

waveform which is five level is shown in the fig.5 .the output voltage is 300 volt and which is generated by making 

two H bridge inverter in cascade operation. As explain above the advantage of cascade multilevel inverter the output 

voltage level increase and the output THD decrease. 

 

 
 

Figure 5 nine level .inverter output voltagefor cascade multilevel inverter. 

 
 

 
Figure 6.THD of output current 

 

Fig .6. shows the THD of cascade multilevel inverter and thecomparison of this THD result is compare with two 

levelinverter output, as shown in table I and table II. And by whichwe can conclude that the as we go on increase the 

THD levelthere is decrease in THD and output waveform is moresmooth. 

 

 
Figure 7.output voltage waveform of cascade multilevel inverter. 
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Figure 8.output current waveform of cascade multilevel inverter. 

 

Fig .7 and fig 8. Shows the output voltage and currentwaveform for the cascade multilevel inverter, by the resultswe 

can see that current and voltage both are the sinusoidal innature which is required. 

 

V. CONCLUSION 

 
By the above discussion we see that by putting multilevelinverter in transformer less PV system we can increase the 

capacity of PVsystem. In this we also see that the THD is also reducing inthis and wave form is near to sinusoidal. 

Some of theadvantage of multilevel inverter in PV system is discussedhere. 

�CHB multilevel inverter has low stress, highconversion efficiency and can also be easilyinterfaced with renewable 

energy sources (PV, Fuelcell etc.). 

�CHB multilevel inverter uses least number of devicesto produce higher voltage level. 

�As number of level increases, the THD contentapproaches to small value as expected. 

�It eliminates the need for filter at the output side. 

�Though, THD decreases with increase in number oflevels, some lower or higher harmonic contentsremain 

dominant in each level. These will be moredangerous in induction drives. 

�When irradiation reduces, output voltage alsoproportionately decreases whereas it increases withdecrease in 

temperature. 

�Small variation in THD and percentage of harmonicsexperienced during the change in irradiation. 
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