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Abstract— The power electronics has mainly momentous 

latest progress is power systems of photovoltaic be 

becoming extra with the increase in the energy demand in 

widespread 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. The performance of the cascaded 

multilevel inverter with fundamental switching scheme for 

different levels is studied through simulation using 

MATLAB. A Mathematical model for Photo Voltaic system 

is developed and implemented with the multilevel 

inverter.of the proposed system. 

Key words: Grid-Connected Photovoltaic Inverters, High-

Power Medium-Voltage Inverters, Pulsewidth Modulations 

(PWMS), Switching Losses 

I. INTRODUCTION 

THE last two decades, environmental organizations have 

Iencouraged the power industry to use renewable power, 

such as wind, photovoltaic (PV), and tidal instead of fossil 

fuels as means to combat climate change. After years of 

research and development, wind and solar have proved to be 

more economical and technical feasible at a large scale, but 

they remain expensive compared to fossil fuels .Rethinking 

of the whole power industry approach toward renewable 

power is on-going. Wind energy is widely accepted, with 

larger scale power plants 

This paper focuses on one aspect of solar energy, 

namely grid interfacing of large-scale PV farms. Power 

electronics interfacing of PV farms can be accomplished 

using pulse width-modulated current source inverter (CSI) 

or voltage source inverter (VSI). Recently, the current 

source option for PV grid interfacing has been advocated as 

a mean of improving the effectiveness of maximum power 

tracking (MPT), as the number of series-connected PV in 

each string is reduced, This reduces the impact of partial 

shading, and increases system efficiency by using one 

conversion stage instead of two stages, thereby benefiting 

from the voltage boost capability of the CSI (lower dc-link 

voltage and higher ac-side voltage). This approach may not 

be viable at high-power medium-voltage PV systems, since 

CSIs usually have higher semiconductor losses compared to 

VSIs of similar rating, switching frequency, and ac-side 

voltage. This is because the CSI has twice the semi-

conductors in the conduction path at any instant, compared 

to the VSI .Additionally, CSI ability to meet strict grid 

codes, such as fault ride-through, is doubtful. The use of 

VSIs as interfacing units for grid integration of PV systems 

has been investigated intensively in the last five years. This 

includes the use of two-level and multilevel VSIs. 

A multilevel VSI approach is not suitable for PV 

grid integration due to the following reasons: multilevel 

inverters with a common dc-link bus, such as diode and 

flying capacitor-clamped inverters, ex-acerbate the problem 

of partial shading as they require a large number of series-

connected PV cells in order to build a relatively high dc 

voltage appropriate for medium-voltage applications. 

Although the modularity of the cascaded multilevel inverter 

is attractive for PV systems], it exposes the PV cells to a 

low-frequency ac current component, hence reduces PV 

lifetime Two-level VSI is widely used for grid-connected 

PV systems, regardless of the disadvantages such as high 

switching losses and relative low-quality output voltage 

waveforms . Most grid-connected PV systems presented in 

the literature are inappropriate for high power due to the use 

of a high switching frequency (high switching losses and 

increased voltage stresses, dv/dt, on phase interfacing 

reactors and the transformer). Most of these studies adopt 

sinusoidal or space-vector pulsewidth modulation (PWM) to 

control the inverters. The use of sinusoidal PWM does not 

fully utilize dc-link voltage, thus lowering power density. 

Space-vector modulation increases dc-link voltage and 

semiconductor as solution 2) produces switching angles 

distributed over 90
◦
, with α2 <α 3 located between 60

◦
 and 

90
◦
. The maximum modulation index with solution 2 is 1.16, 

which is lower than that produced by solution 1. 

Additionally, it can be observed that solution 2 produces a 

fundamental voltage 180
◦
 out of phase to that produced by 

solution 1, for the same fundamental voltage. This can be 

observed in Fig. 1(b) as during most of the first half cycle, 

the converter output phase is connected to the negative bus. 

This observation may be critical for SHE implementation in 

grid-connected applications. It is worth emphasizing that the 

arrangement for solution 2 always produces a smaller 

modulation index (hence fundamental voltage). Therefore, 

the choice between the arrangements may require careful 

attention to the fundamental voltage polarity. With the 

intention of extending the modulation index as the switching 

angle increases, this paper at-tempts to use adjustment of the 

third harmonic to decouple the maximum modulation index 
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achievable from a given number of switching angles. When 

a fourth angle is added for third-harmonic adjustment, the 

maximum modulation index using solution 1 remains at 

1.1884 as shown in Fig. 1(f). This is obtained when the 

third-harmonic voltage magnitude ranges from 1/6 to 1/5 of 

the fundamental voltage. Notice that the control of the third-

harmonic results in spreading of switching angles over the 

quarter of fundamental cycle (90
◦
)—see Fig. 1(d)–(f). 

Adjustment of the third harmonic in SHE does not result in 

de-coupling of the modulation index from the number of 

switching angle; however, it remains useful at high 

modulation indices where standard SHE tends to produce 

switching angles in a narrow range close to zero (which 

cannot be realized practically). Injection of the third 

harmonic into arrangements 1 and 2 forces their switching 

angles to converge, for the same modulation index [see Fig. 

1(g)]. For further confirmation of the potential usefulness of 

third-harmonic adjustment, the case with five notches where 

the fifth, seventh, and 11th harmonics are eliminated is 

presented in Fig. 1(h). With the adjustment of the third 

harmonic, arrangements 1 and 2 produce one unique 

solution that satisfies quarter-wave symmetry in the low 

modulation index range, M<0.6. Beyond this modulation 

index, the switching angles produced by solving the 

equations for arrangement 1 di-verged from those produced 

by arrangement 2 [see Fig. 1(h)]. When the fifth, seventh, 

11th, and 13th harmonics are eliminated, the switching 

angles associated with the seventh, 11th, and 13th remain 

the same for both solutions over the entire modulation index 

range, while those associated with first, third, and fifth 

diverge as modulation index increases [see Fig. 1(i)]. The 

addition of the third-harmonic equation to the set of 

nonlinear transcendental equations contributed to 

simplification of the solution process as it is easy to find one 

set of initial guesses that could be used to produce the 

solutions for the entire modulation index linear range. The 

Fourier coefficients for the generalized form of the 

waveforms in Fig. 1(a) 

 
Fig. 2: Waveforms illustrating implementation of carrier-

based THI PWM 

However, in this paper, all the experiments for the 

grid-connected inverter use nine switching angles in an 

attempt to meet harmonic requirements at the point of 

common coupling (PCC). Eight angles are used to eliminate 

nontriplen harmonics up to the 25th harmonic. One of the 

attractive features that led to the adoption of SHE in this 

paper is that the magnitude of nontriplen harmonics 

eliminated remains insignificant over the full modulation 

index linear range (0 to 1). Such a feature is not available in 

space-vector and carrier-based PWM. 

A. THI PWM 

Fig. 2 shows a natural sampling implementation of THI, 

with the magnitude of third harmonic equal to 1/6 the 

fundamental voltage. In this paper, third-harmonic-injected 

PWM is imple-mented based on regular sampling with a 2-

kHz switching fre-quency (simulation and experimentation). 

This relatively high switching frequency is adopted to 

facilitate inverter control in the grid-connected mode. 

II. CONTROL SYSTEM AND FUNDAMENTAL OF GRID-

CONNECTED INVERTERS 

This section discusses the control systems of the grid-

connected inverter, and provides detailed discussion of the 

control variables that could be manipulated from a power 

electronic systems standpoint, including most of the possible 

physical limitations imposed by the ac-side passive elements 

which are not well documented. A generic phasor diagram 

and P − Q envelope are presented that could be used to 

illustrate the operation of grid-connected converters. Fig. 

3(a) and (b) shows a schematic diagram and scaled down 

experimental test rig of a three-phase VSI connected to grid 

through an LC filter and interfacing trans-former. The active 

and reactive powers are regulated using direct power 

control, where the filter bus voltage is assumed constant. 

Inverter power injection into the grid is regulated in the 

synchronous reference frame, where the voltage magnitude 

at the filter bus is aligned with the d-axis (the reference for 

the whole system, in other words all measurements in the dq 

axes will be relative to the filter bus voltage). Based on this 

principle, the inverter ac-side dynamic can be expressed in 

the dq axes as 

 
Table 4: Summary of Switching Losses With Thi Pwm And 

She Modulation Strategies for A 25 Mva Pv Inverter 

with THI. These results aim to show that SHE could be used 

in-stead of carrier-based PWM strategies to control grid-

connected PV inverters, and maintain all the control features 

achieved with carrier-based strategies. Table II shows the 

simulation parameters used in this paper. Figs. 5 and 6 show 

current, voltage, and power waveforms obtained with SHE 

and THI PWM. The results presented are obtained when the 

active-power current component Id is varied from 0 to 1.0 

p.u. (25 MVA and 11 kV based). Note that SHE produces a 

similar performance to that of THI PWM at approximately 

half the switching frequency, including systems dynamics, 

ac voltage, and current waveform quality. For further 

illustration of the potential gains achievable in switching 

losses with SHE, Tables III and IV are presented. Table III 

presents the insulated-gate bipolar transistor (IGBT) 

parameters used in the switching loss calculations in this 

paper, based on the approach presented in [52] and [53], and 

Table IV summarizes the inverter switching losses for three 

operating conditions. Based on these results, it can be 

concluded that SHE produces lower losses than THI PWM 

for similar operating conditions. Fig. 5(e) shows converter 

modulation variation with Id when Iq remains zero. 

III. EXPERIMENTAL VERIFICATION 

This section provides a comprehensive experimental 

demonstration of the potential superiority of SHE over 

carrier-based PWM in a megawatt grid-connected PV 

inverters. This includes the alternative SHE implementation 
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with the aid of third-harmonic adjustment with a 

predetermined magnitude. THI PWM is used as 

representative of high-frequency carrier-based and space-

vector PWM strategies, and is similar to SHE in terms of dc-

link voltage utilization, as previously explained. All the 

experimental results presented are from a prototype PV 

inverter based on a two-level converter, with parameters 

summarized in Table V. Modulation and control are 

implemented in dSPACE1106 that uses MATLAB-Simulink 

and real-time workshop as a front-end programming 

platform. Part A of this section provides illustrative results 

to validate the potential vi-ability of injecting a controlled 

third-harmonic component into SHE. Part B provides 

experimental results to demonstrate the potential benefits of 

adopting SHE for PV inverters instead of commonly used 

carrier-based PWM strategies. 

A. Part A:  

Fig. 7 displays two-level inverter output voltage wave-forms 

obtained with SHE for solutions 1 and 2, with and without 

THI. For simplicity of illustration, only two harmonics are 

eliminated (fifth and seventh), with a modulation index M = 

1.1. Fig. 7(b) and (a) shows that solution 2 fundamental 

voltage is 180
◦
 out of phase to solution 1 for the same 

modulation index. This occurs because the switching angles 

for solution 2 are located in positions that result in the 

inverter output phase 

 

Table 5: parameters of P.U. Scaled-Down Test Rig for 

Prototype of a Megawatt PV Inverter 

being connected to negative bus during most of the first 

fundamental half cycle. Fig. 7(c) and (d) displays the output 

voltage waveforms for solutions 1 and 2 with adjustment of 

the third harmonic (M3 = 
1

5 M ). Observe that the switching 

instants in both waveforms are approximately identical, but 

the fundamental voltage produced by solution 2 remains 

180
◦
 out of phase to solution 1. Based on Fig. 7(c) and (d), 

adjustment of the third harmonic leads to a unique universal 

solution (switching angles) that can be used with both 

arrangements to achieve the desired fundamental voltage 

and eliminate the fifth and seventh harmonics, and satisfies 

the quarter-symmetry constraint. 

Fig. 8(a) and (b) illustrates the switching angle 

trajectories with nine notches per quarter cycle and phase 

voltage, normalized by 
1

2 Vdc and its fundamental, for 

modulation M = 1.1. The switching angle increases, SHE 

approaches high-frequency carrier-based and space-vector 

PWM in terms of output voltage quality, but with a reduced 

number of switching transitions com-pared to the 

counterparts. This is significant in multimegawatt 

applications as nine notches per quarter cycle is equivalent 

to a 950-Hz switching frequency, with relatively good 

output volt-age and current waveform quality that cannot be 

achieved with carrier-based or space-vector PWM with a 

similar switching frequency. The potential benefits of such 

an approach can be observed in terms of converter 

efficiency, which may not be significant in low-power 

applications. 

B. Part B:  

This part aims to demonstrate the superiority of low 

switching frequency SHE over carrier-based or space-vector 

PWM strategies for high-power PV inverters that are 

normally connected to a medium-voltage distribution 

system, and need to meet strict grid codes. Fig. 3 

summarizes the practical 

 
Fig. 7: Experimental waveforms illustrating two-level inverter output voltage normalized by 12 Vd c for solutions 1 and 2, 

when the fifth and seventh harmonics are eliminated, and including adjustment of the third-harmonic component). (a) Phase 

output voltage relative to supply midpoint (solution 1). (b) Phase output voltage relative to dc supply midpoint (solution 2). 
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(c) Phase output voltage relative to supply midpoint (solution 1 with adjustment of third harmonic). (d) Phase output voltage 

relative to dc supply midpoint (solution 2 with adjustment of third harmonic). 

 
Fig. 8: (a) Switching angles α1 to α9 for nine commutations per half cycle and (b) normalized PWM voltage waveform with 

reference. 

Implementation of the grid-connected PV inverter 

using SHE and THI PWM. Fig. 9 shows the experimental 

results when the grid-connected inverter is controlled using 

SHE, with a reactive current component Iq r e f = 4 A, and a 

step change is applied to the active-power current 

component Id r e f from 2 to 6 A. Fig. 9(a) shows that Id and Iq 

are able to track their references when the inverter is 

operated close to its rated power, when SHE is used. Fig. 

9(b) shows active- and reactive-power inverter exchanges 

with the grid. Fig. 9(c) and (d) shows the good quality 

current and voltage waveforms the inverter presents to the 

grid using SHE with a switching frequency of less than 1 

kHz. Fig. 9(e) shows modulation index variation as Id r e f is 

varied from 2 to 6 A. Similar results illustrating inverter 

operation when Iq r e f is varied from 0 to 4 A are presented in 

Fig. 10. In both cases, the inverter is able to operate 

satisfactorily, with proper tracking of the set points as 

demonstrated in Figs. 9 and 10. 

Figs. 11 and 12 show the case when the inverter is 

controlled using THI PWM, with a 2-kHz switching 

frequency and for a variation of Id r e f from 2 to 6 A and Iq r e 

f from 0 to 4 A, respectively. These results show that the 

inverter under consideration stably exchanges active and 

reactive powers with the grid and presents high-quality ac 

current and voltage waveforms at the PCC. The output 

waveform quality in this case is similar to that obtained with 

SHE, despite the THI PWM using a switch-ing frequency 

which is approximately twice that used with the SHE. Figs. 

9(e), 10(d), 11(f), and 12(c) confirm the variation of 

modulation index given in the generic phasor diagram for 

the voltage source converter in Fig. 3(b), regarding 

increased modulation index margin for reactive power 

support. 

Tables 6 and 7 show the individual current and 

voltage harmonics for SHE and THI PWM, respectively. 

Both modulation approaches are able to meet IEEE Standard 

519-1922 and IEC 61000-3-6 for medium voltages [54], 

[55], and IEEE 1574 and IEC61727 for low-voltage 

applications in terms of individual current and voltage 

harmonic limits. These results show that SHE is able to meet 

strict harmonic requirements at the PCC, at a reduced 

switching frequency, such as 950 Hz. 

Tables 8 and 9 present the switching device 

parameters used for the 1200 VA p.u. scaled PV-inverter 

prototype and the estimated switching losses obtained at two 

operating conditions, respectively. The switching losses are 

halved with SHE, com-pared to those with THI PWM. 

Based on these results, it can be concluded that SHE can be 

considered for low-loss large-scale PV inverters required for 

a sustainable 
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Fig. 9: Experimental waveforms demonstrating operation of the grid-connected inverter using SHE PWM (step change in 

active power). (a) Variation of active current component Id from 2 to 6 A when the PV inverter operates at near full load, 

exchanging considerable lagging reactive power with the grid. (b) Active and reactive powers the PV inverter exchanges with 

the grid, measured at filter bus. (c) Current waveforms the PV inverter injects into grid at the filter bus. (d) Voltage 

waveforms the PV inverter presents to the interfacing transfomer at the filter bus. (e) Modulation index variation during 

active power change. 

 
Fig. 10: Experimental waveforms demonstrating operation of a grid-connected inverter using SHE PWM (step change in 

reactive power). (a) Variation of reactive current component, Iq varied from 0 to 4 A, while Id = 2 A. (b) Active and reactive 

powers the PV inverter exchanges with the grid measured at filter bus during changes in Iq . (c) Normalized voltage and 

current at unity power factor. (d) Modulation index variation, Iq changes from 0 to 4 A. 

Azmi Et Al.: Grid Interfacing of Multimegawatt 

Photovoltaic Inverters 2781 

 
Fig. 11: Waveforms demonstrating the operation of a PV inverter using sinusoidal PWM with THI, when Id is varied from 2 

to 6 A. (a) Variation of active current components Id when the PV inverter operates at full load. (b) Active- and reactive-

power PV inverter exchanges with the grid measured at filter bus.(c) Current waveforms when the PV inverter injects into 

grid. (d) Voltage waveforms the PV inverter presents to interfacing transfomer at the filter bus.(e) Normalized voltage and 

current at unity power factor. (f) Modulation index variation during active power change. 
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Fig. 12: Experimental waveforms demonstrating PV inverter using sinusoidal PWM with THI, when Iq is varied from 0 to 4 

A, while Id = 2 A. (a) Variation of reactive current component Iq when the PV inverter operates at full load. (b) Active and 

reactive powers the PV inverter exchanges with the grid, measured at filter bus. (c) Modulation index variation during 

reactive power change. 2782 

 
Fig. 5-18: FFT Analysis of THD 

IV. CONCLUSION 

This Theses Provide a brief summary of the Cascaded 

Multilevel inverter Technique. By using the CHB technique 

we get the good result on the System, in this system 9 level 

inverter is using, This 9 level inverter technique is using the 

Cascaded multilevel inverter structure, this system is 

controlled by using the MPPT Maximum Power Point 

Tracking. The Main Concept of the System is by using the 

TLI it means the Transformer less Inverter. This TLI 

Reduces the THD and Finally it eliminate the Harmonics.  

By the above discussion we see that by putting multilevel 

inverter in transformer less PV system we can increase the 

capacity of PV System. In this we also see that the THD is 

also reducing in this and wave form is near to sinusoidal 

some of the advantage of multilevel inverter in PV system is 

discussed here. 

CHB multilevel inverter has low stress, high 

conversion efficiency and can also be easily interfaced with 

renewable energy sources (PV, Fuel cell etc.).CHB 

multilevel inverter uses least number of devices to produce 

higher voltage level. As number of level increases, the THD 

content approaches to small value as expected. It eliminates 

the need for filter at the output side. Though, THD decreases 

with increase in number of levels, some lower or higher 

harmonic contents remain dominant in each level. These 

will be more dangerous in induction drives. When 

irradiation reduces, output voltage also proportionately 

decreases whereas it increases with decrease in temperature. 

Small variation in THD and percentage of harmonics 

experienced during the change in irradiation 
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