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In this paper, a new seventeen level inverter topology is proposed for single-phase grid-connected renewable energy applications. The proposed inverter topology can provide seventeen levels in the output voltage while using a lesser number of power devices. This proposed inverter topology comprises nine power switches, five power diodes, and two sets of DC sources (two 3 V and two V) which are in the ratio of 1:3. By properly arranging the input DC sources, power switches, and power diodes through different possible combinations the seventeen voltage levels are generated. The main advantage of this seventeen level inverter is that a maximum of six power devices conducts in any mode. Thus, conduction losses are lesser compared to existing seventeen level inverter topologies which results in a highly efficient system. Further, the detailed comparison of proposed inverter topology with the existing multilevel inverter (MLI) topologies shows that the number of required power devices count is considerably lower. The possible extension of the proposed inverter topology for the three-phase application is also discussed. Further, a level-shifted based pulse modulation strategy is proposed to control the output of the proposed inverter. To verify the operation, the proposed inverter topology is simulated in MATLAB/Simulink for a 500 W grid-connected system. All the major results are included in the paper. The experiments are performed to validate the proposed inverter topology for a 500 W grid-connected system and all the key results are included in the paper.
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INTRODUCTION

In the present days, the grid integrated renewable energy systems are drawing huge attention due to their several advantages. Solar photovoltaics (PV) is the most popular renewable energy source among the existing renewable energy sources. However, the grid integration of solar PV involves several challenges. To realize high voltage source from low voltage solar PV modules requires a series connection of several PV modules which may lead to module mismatch and partial shading problems (Sharma and Agarwal, 2014). The alternate solution is to use a low voltage PV module with the high gain DC-DC converter as a frontend to the inverter for boosting the output voltage to be compatible with the 1-ϕ, 230 V or 3-ϕ, 415 V grid. Another alternate solution is to use the line-frequency transformer at the output of the PV inverter. But the use of additional transformer increases system cost, size, and losses in the system. This demands the utilization of high voltage gain DC-DC converters (Liu and Li, 2006; Tao et al., 2006; Duarte et al., 2007; Das and Agarwal, 2016) at the front end for boosting the voltage from low voltage solar PV source. The important features which are required from the high voltage gain DC-DC converters are that they should provide high voltage gain while maintaining high efficiency which is not possible with the conventional switched-mode DC-DC converters. To fulfill the above-mentioned requirements, the special high gain DC-DC converter topologies were proposed and developed. Another interesting feature of these high gain DC-DC converters is that they have isolated multi outputs which is more suitable for multi-input DC-AC inverter for interfacing with utility grid or load.

Figure 1 shows the typical block diagram of the grid-connected renewable energy source [PV or fuel cell (FC)] fed high gain DC-DC converter based multi-input DC-AC converter system. Here, the single input and multioutput DC-DC converter do the maximum power point tracking (MPPT) of the PV/FC source. The isolated multi-outputs of the high gain DC-DC converter acts as multi inputs of the MLI. The multi-inputs of the MLI can be regulated either through the grid side converter control (shown in Figure 1A) or battery supported DC-DC converter (shown in Figure 1B). Additionally, the configurations are shown in Figure 1 will not allow the flow of common-mode current into the grid due to the galvanic isolation between the PV source and the grid. This paper concerns a novel multi-input MLI topology as a solution to this requirement.


[image: Figure 1]
FIGURE 1. The multi-input DC-AC converter based grid-connected PV/FC systems. (A) DC-DC converter fed Multi input MLI. (B) Battery supported DC-DC converter fed Multi input MLI.


Nowadays multilevel inverters (MLIs) have been gaining huge popularity as a single-stage inverter for renewable energy applications (Rodriguez et al., 2002; Lezana et al., 2008; Peng et al., 2010). The stepped output voltage waveform can be realized in MLIs through various arrangements of power devices using several input DC sources. Due to their salient features, MLIs became very suitable for medium voltage and high power applications compared to two-level converters. The applications of MLIs are not only limited to solar PV systems (Essakiappan et al., 2015) but also for wind energy systems (Yuan, 2014), drive systems (Ahmadi and Wang, 2014), and active power filters (Mathew et al., 2013). Even though MLIs require more number of power devices (Phanikumar and Agarwal, 2013a,b), they are still looked after due to their several advantages. They are lesser THD in output voltage, lesser filter requirement, lesser dv/dt, and lower electromagnetic interference (EMI). The conventional MLIs are classified as diode clamped (Nabae Takahashi and Akagi, 1981), capacitor clamped (Meynard and Foch, 1992), and cascaded H-bridge (Peng et al., 1996) MLIs.

The diode clamped and capacitor clamped MLIs are not preferred by researchers over CHB MLI due to their several drawbacks (Zare, 2008). Because they require large capacitors, unbalance in the voltages of input DC capacitors, and high voltage stress across power devices. Moreover, the CHB MLI accommodates a lesser number of power devices among conventional MLIs to produce the same number of voltage levels in the output (Gupta et al., 2016). The elementary concept of CHB MLI is to produce a staircase output voltage waveform through several combinations of power devices and DC sources. For solar PV applications, these DC sources can be replaced with solar PV modules as well. The presence of several steps in the output voltage waveform produces the higher quality sinusoidal waveform with a small output filter. But with the increase in the number of steps (i.e., the number of levels “n”) in the output voltage, the number of power devices count also increases rapidly.

The researchers in Zare (2008) and Gupta et al. (2016) have done an extensive literature review on the state of the art of various topologies of MLIs. The authors in Babaei and Hosseini (2009) considered two power switches for a DC source to generate one positive voltage level. These modules are cascaded in series, and their output is connected to a full-bridge inverter to generate both positive and negative voltage levels. The authors in Babaei et al. (2014b) have modified the MLI topology in Babaei and Hosseini (2009) by adding two DC capacitors in each module with the DC source to achieve more levels in modules. In this topology, each module requires one full-bridge inverter which increases the number of components in the system.

Another type of MLI topologies which accommodate unequal input DC sources also can produce high quality of output. These topologies are called as asymmetrical MLI topologies. The advantage of these topologies is the requirement of a reduced number of power devices compared to conventional CHB MLI topologies. These topologies use fewer power components with optimal use of input DC sources. The authors in Gupta and Jain (2012) and Farhadi Kangarlu and Babaei (2013) uses a cross-connection of switches to produce more number of levels in the output with reduced stress on the devices. Further, extended MLI topologies with unequal DC sources were proposed in Babaei et al. (2014c) and Babaei et al. (2014a). Even though this topology can generate more voltage levels in the output than the other existing topologies the stress across devices is higher which requires high rated devices in the topology. It can be understood that the topologies in Farhadi Kangarlu and Babaei (2013) and Babaei et al. (2014a) have reduced switch count and the number of input DC sources. But they ended up with high stress across devices.

Another drawback of MLI topologies is DC capacitor voltage balancing. The authors in Shi et al. (2011), She et al. (2014), Sochor and Akagi (2016), and Zeng et al. (2016) have come up with balancing methods for asymmetrical MLI topologies and some topologies have inherent voltage balance capability (Lai and Shyu, 2002; Lee et al., 2009; Chattopadhyay and Chakraborty, 2014; Raushan et al., 2016; Samadaei et al., 2016; Vahedi et al., 2016; Ravi et al., 2017; Majumdar et al., 2018, 2020; Mahato et al., 2019a,b; Sinha Das and Jana, 2019; Sinha et al., 2019). The inherent voltage balancing MLI topologies have a symmetrical operation, which makes it easier to control the voltages.

To mitigate the issues of the existing MLI topologies, this paper proposes a seventeen level inverter topology with a lesser number of power devices and input DC sources. The power devices are arranged in an intelligent way to generate seventeen voltage levels with optimized input DC sources which reduce the system cost and improves the power quality. This proposed topology uses two sets of DC sources (two V and two 3 V) and produces eight positive voltage levels, eight negative voltage levels, one zero voltage levels which makes total seventeen voltage levels. To produce seventeen voltage levels the proposed topology uses just fourteen power devices. Further, there is a possibility to extend the proposed inverter topology to higher levels by cascading the modules in series so that high AC output voltage can be achieved.

This paper is organized as follows: section-proposed configuration of seventeen level inverter topology presents the proposed seventeen level inverter topology along with its various modes of operation. Section-proposed pulse width modulation strategy discusses the proposed pulse width modulation strategy, current control strategy to feed power to the grid, comparison of the proposed inverter topology with various existing MLI topologies, and extension of the proposed inverter to higher levels, the 3-ϕ extension of proposed seventeen level inverter. The simulation results of the proposed inverter topology are discussed in section-simulation results and the experimental results are presented in section-experimental results respectively. The major conclusions are presented in section-conclusions.



PROPOSED CONFIGURATION OF SEVENTEEN LEVEL INVERTER TOPOLOGY

This section presents the configuration proposed seventeen level inverter topology and its various operating modes.


Proposed Seventeen Level Inverter Topology

Figure 2 shows the proposed seventeen level inverter topology. It comprises of two circuits, a level generation circuit, and a polarity changer circuit. The level changer circuit consists of five switches (S1-S5), five diodes (D1-D5), and the polarity changer circuit consists of four switches (S6-S9). The level generation circuit produces nine voltage levels (0, +V, +2 V, +3 V, +4 V, +5 V, +6 V, +7 V, +8 V) at the output VXY. These nine voltage levels can be generated through several possible combinations of five power switches (S1-S5), five power diodes (D1-D5), and four input DC sources as shown in Figure 3. The polarity changer circuit produces AC output voltage at Vab with seventeen voltage levels (0, ±V, ±2 V, ±3 V, ±4 V, ±5 V, ±6 V, ±7 V, ±8 V) by using the switches (S6-S9) as shown in Figure 3L. The all the possible switching states of the level generation circuit and polarity changer circuit are given in Table 1 to produce the seventeen level output voltage (Vab). The modes of operation of the level generation circuit are shown in Figures 3A–K.


[image: Figure 2]
FIGURE 2. Proposed configuration of seventeen level inverter topology.
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FIGURE 3. The all possible voltage levels of the level generation circuit: (A) VXY=0; (B) VXY = +V; (C) VXY = +2V; (D) VXY = +3V; (E) VXY = +4V; (F) VXY = +4V; (G) VXY = +5V; (H) VXY = +5V; (I) VXY = +6V; (J) VXY = +7V; (K) VXY = +8V; (L) synthesis of the output voltage of the seventeen level inverter.



Table 1. All switching states of the proposed seventeen level inverter.

[image: Table 1]



Various Modes of Operation of Level Generation Circuit

The modes of operation of the level generation circuit are discussed below:

Mode-0: During this mode of operation the all the switches of the level generation circuit are turned OFF. The current will flow through the diodes D2 and D4, as shown in Figure 3A. The terminals X, Y of the level generation circuit are shorted through D2, D4. Hence the voltage across the level generation circuit is zero (i.e., VXY = 0). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3A.

Mode-1: In this mode of operation the power switch S3 of the level generation circuit is turned ON. The current will flow through the D4, S3, and D4 as shown in Figure 3B. The terminals X, Y of the level generation circuit experience a voltage of “V” though S3, D3, and D4. Hence the voltage across level generation circuit is +V (i.e., VXY = +V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3B.

Mode-2: During this mode of operation the power switch S2 of the level generation circuit is turned ON. The current will flow through the D4, S2 as shown in Figure 3C. The terminals X, Y of the level generation circuit experience a voltage of “2 V” though S2 and D4. Hence the voltage across the level generation circuit is +2 V (i.e., VXY = +2 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3C.

Mode-3: In this mode of operation the power switch S5 of the level generation circuit is turned ON. The current will flow through S5, D2, and D5 as shown in Figure 3D. The terminals X, Y of the level generation circuit experience a voltage of “3 V” though S5, D2, and D5. Hence the voltage across the level generation circuit is +3 V (i.e., VXY = +3 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3D.

Mode-4: During this mode of operation the power switches S5 and S3 of the level generation circuit are turned ON. The current will flow through the S5, D5, S3, and D3 as shown in Figure 3E.

The terminals X, Y of the level generation circuit experience a voltage of “4 V” though S5, D5, S3, and D3. Hence the voltage across the level generation circuit is +4 V (i.e., VXY = +4 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3E.

Mode-5: In this mode of operation the power switch S1 of the level generation circuit is turned ON. The current will flow through the S1, D1, and D2 as shown in Figure 3F. The terminals X, Y of the level generation circuit experience a voltage of “4 V” though S1, D1, and D2. Hence the voltage across the level generation circuit is +4 V (i.e., VXY = +4 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3F.

Mode-6: During this mode of operation the power switches S1 and S3 of the level generation circuit are turned ON. The current will flow through the S1, D1, S3, and D3 as shown in Figure 3G. The terminals X, Y of the level generation circuit experience a voltage of “5 V” though S1, D1, S3, and D3. Hence the voltage across the level generation circuit is +5 V (i.e., VXY = +5 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3G.

Mode-7: In this mode of operation the power switches S5 and S2 of the level generation circuit are turned ON. The current will flow through the S5, D5, and S2 as shown in Figure 3H. The terminals X, Y of the level generation circuit experience a voltage of “5 V” though S5, D5, and S2. Hence the voltage across the level generation circuit is +5 V (i.e., VXY = +5 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3H.

Mode-8: During this mode of operation the power switch S4 of the level generation circuit is turned ON. The current will flow through the S4 and D2 as shown in Figure 3I. The terminals X, Y of the level generation circuit experience a voltage of “6 V” though S4 and D2. Hence the voltage across the level generation circuit is +6V (i.e., VXY = +6 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3I.

Mode-9: In this mode of operation the power switches S4 and S3 of the level generation circuit are turned ON. The current will flow through the S4, S3, and D3 as shown in Figure 3J. The terminals X, Y of the level generation circuit experience a voltage of “7 V” through S4, S3, and D3. Hence the voltage across the level generation circuit is +7 V (i.e., VXY = +7 V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3J.

Mode-10: During this mode of operation the power switches S4 and S2 of the level generation circuit are turned ON. The current will flow through the S4 and S2 as shown in Figure 3K. The terminals X, Y of the level generation circuit experience a voltage of “8V” though S4 and S2. Hence the voltage across the level generation circuit is +8V (i.e., VXY = +8V). The current path during this mode of operation is indicated through the dotted line as shown in Figure 3K.

The nine voltage levels obtained from the level generation circuit are used to obtain the seventeen voltage levels by using the polarity changer circuit, as shown in Figure 3L.

The proposed seventeen level inverter topology can be made bi-directional by replacing unidirectional devices (D1-D5) with controlled power switches. The proposed configuration of the bi-directional seventeen level inverter is shown in Figure 4.


[image: Figure 4]
FIGURE 4. The proposed Bi-directional seventeen level inverter topology.





PROPOSED PULSE WIDTH MODULATION STRATEGY

This section discusses the proposed pulse width modulation (PWM) strategy, the control strategy of the grid-connected seventeen level inverter topology.


Proposed PWM Strategy

To control the output voltage and generate the seventeen voltage levels, a PWM strategy has been proposed along with its modulation logic. The Figures 5, 6A show the PWM strategy and proposed modulation logic of inverter. In this PWM strategy, a reference waveform (|Vm sinwt|) is compared with the eight carrier waveforms (VC1-VC8) to generate signals P1-P15, as shown in Figures 5, 6A. These signals P1-P15 are modified to obtain the gate pulses for the switches S1-S9 and D1-D5. The obtained expressions for the gate pulses of all switches are given in Table 2.


[image: Figure 5]
FIGURE 5. The PWM strategy of the proposed seventeen level inverter topology.



[image: Figure 6]
FIGURE 6. The modulation and control strategies for proposed inverter topology; (A) proposed modulation logic; (B) current control strategy for the grid-connected seventeen level inverter (She et al., 2014).



Table 2. The expressions of gate pulses for all the switches.

[image: Table 2]



The Current Control Strategy for the Grid-Connected Seventeen Level Inverter

Figure 6B shows the current control strategy, which is used to control the current feeding into the grid (Lee et al., 2009). In this control strategy, the grid current (ig) is compared with the reference grid current ([image: image]sinθ) which gives the error signal (e) as output. Here, [image: image] is the peak amplitude of reference current, and sinθ is obtained from the PLL. The error signal is sent through the proportional resonant (PR) controller which generates the modulating wave Vm(sinwt). This modulating wave is used to generate reference waveform |Vm(sinwt)|. This reference waveform is used to generate the gate pulses for all the switches by using the proposed modulation strategy shown in Figures 5, 6A. The PR-controller's transfer function is given as:

[image: image]

The PR controller is designed by considering the phase margin as 500 and maximum permissible steady-state error of 0.1% of the rated current. The designed values of the PR controller are given as:

Kp = 0.4; Ki = 15; ωcut = 20 rad/sec and ω = 2 × π × 50 rad/sec.



Comparison of the Proposed Seventeen Level Inverter Topology With the Existing MLI Topologies

The proposed seventeen level inverter and bi-directional seventeen level inverter topologies are compared with the existing seventeen level inverter topologies. The proposed inverter topologies require fewer input DC sources, power devices, and lesser requirement of the number of drive signals which reduces the size, cost of the system, and increases the reliability of the system. In addition to that, the total standing voltage (TSV) of high-frequency switches are smaller compared to the existing MLI topologies (given in Table 3). Thus, the proposed inverter topologies incur lower switching losses. The efficiencies of proposed seventeen level inverter topology and bi-directional seventeen level inverter topologies are calculated to be 97 and 96.5%, respectively.


Table 3. The comparison of proposed seventeen level inverter topology with the existing MLI topologies.

[image: Table 3]

The detailed comparison of the proposed seventeen level inverter topology with the existing seventeen level inverter topologies is given in Table 3. From Table 3, it can be observed that the proposed inverter topology doesn't have the reactive power capability even though it uses a lesser number of power devices. However, this issue can be tackled by using the proposed bi-directional inverter topology.



The Extension of Proposed 1-ϕ Seventeen Level Inverter Topology to n-Level

There is a possibility to extend the proposed 1-ϕ seventeen level inverter to higher levels by adding the level generation circuits (LGC) in a cascaded fashion as shown in Figure 7. This is possible due to the modularity of proposed inverter topology, which supports the extension for n-levels. For example, the cascaded connection of level generation circuits (LGC1 and LGC2) generates voltage levels +16, +15 V,…+V, and 0 in the output voltage (VXY). Thus, the +16, +15 V,…+V and 0 voltage levels in the obtained voltages of VXY are used to generate ±16, ±15, ±14, ±13, ±12 V,…. ±V and 0 output voltage Vab associated with the polarity changer. Figure 7 shows the cascaded connection of level generation circuits of LGC1 and LGC2. In this manner, the n-level MLI can be realized by cascading the level generation circuits LGC1, LGC1,…LGC(n−1)/16 in series. The number of level generation circuits (NLGC), DC sources (NDC), switches (Ns), diodes (ND), and total power devices (NPD) required for obtaining n-levels are given by the following equations:

[image: image]
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where n = 17, 33, 49, … and NLGC = 1, 2, 3, ….


[image: Figure 7]
FIGURE 7. The possible extension of 1-ϕ seventeen level inverter to n-level.




Extension of Proposed 1-ϕ Seventeen Level Inverter for 3-ϕ Application

The possible extension of the proposed 1-ϕ seventeen level inverter topology for 3-ϕ application is shown in Figure 8. It consists of a total of four sets of DC sources (three V and one 3 V) and 12 controlled switches, nine bi-directional switches. In this 3-ϕ topology, the three legs share a common DC source (two 3 V) which minimizes the required DC sources' count.


[image: Figure 8]
FIGURE 8. The extended 3-ϕ seventeen level inverter topology (All the nodes marked '1' are connected, similarly all nodes marked '2' are connected).





SIMULATION RESULTS

The proposed grid-connected 1-ϕ seventeen level inverter topology is simulated for a power rating of 500 W at a switching frequency of 3 kHz. The MATLAB/Simulink environment is used for the simulation studies. The considered values of two sets of input DC sources are 50 and 150 V. To filter the high-frequency harmonics the filter inductor (Lf) is chosen as 4 mH. The simulated waveforms of the voltage across the level generation circuit (VXY) are shown in Figure 9A. It consists of nine voltage levels 0, 50, 100, 150, 200, 250, 300, 350, and 400 V. By using these nine voltage levels, seventeen voltage levels (0, ±50, ±100, ±150, ±200, ±250, ±300, ±350, and ±400 V) are generated at the output of polarity changer circuit (i.e., output voltage Vab) as shown in Figure 9B. The waveforms of grid voltage and current are also shown in Figure 9C. It can be observed from Figure 9C that the proposed inverter topology is feeding high quality of current into the grid because of the presence of multi-levels in the output voltage. Further, the proposed grid connected inverter topology is simulated at lagging power factor of 0.9 and corresponding waveforms of the output voltage, grid voltage and current are shown in Figure 9D. The waveforms of the current through two sets of input DC source two V and two 3 V (i.e., I1, I2, I3, and I4) are also shown in Figure 9E. The parameters used for the simulation studies are given in Table 4.


[image: Figure 9]
FIGURE 9. The simulated waveforms of the grid connected seventeen level inverter topology; (A) output voltage of the level generation circuit (VXY); (B) output voltage (Vab); (C) voltage across the grid and current through the grid (Grid current is scaled up 70 times to fit into the graph); (D) output voltage (Vab), voltage across the grid and current through the grid for non UPF (Grid current is scaled up 70 times to fit into the graph); (E) current through input DC sources I1, I2, I3, and I4 (Input currents are scaled up two times to fit into the graph).



Table 4. Parameters used in system evaluation of seventeen level inverter topology.

[image: Table 4]

Further, the proposed bi-directional seventeen level inverter topology is also verified through simulations for a 500 VA grid-connected system. The simulated waveforms of the voltage across the level generation circuit, output voltage (Vab), the voltage across the grid, and current through the grid at a power factor of 0.95 are shown in Figures 10A–C, respectively. It can be observed from Figure 10C that the proposed bi-directional inverter can feed a nice quality of power into the grid at THD of 2.1% due to the presence of a higher number of levels in the output voltage. The waveforms of the current through two sets of input DC source two V and two 3 V (i.e., I1, I2, I3, and I4) are also shown in Figure 10D.


[image: Figure 10]
FIGURE 10. The simulated waveforms of the grid connected bi-directional seventeen level inverter topology at power factor of 0.95; (A) output voltage of the level generation circuit (VXY); (B) output voltage (Vab); (C) voltage across the grid and current through the grid (Grid current is scaled up 70 times to fit into the graph); (D) current through input DC sources I1, I2, I3, and I4 (Input currents are scaled up two times to fit into the graph).




EXPERIMENTAL RESULTS

The proposed seventeen level inverter topology is tested for grid-connected for a power rating of 500 W at switching frequency of 3 kHz on a laboratory prototype (shown in Figure 11A). Table 4 shows the parameters used for the study of the proposed seventeen level inverter topology for the grid-connected system. The experimental waveforms of the output voltage of the level generation circuit (VXY) and inverter output voltage (Vab) are shown in Figure 11B. Further, the experimental waveforms current though the grid and voltage across the grid at unity power factor are also shown in Figure 11C.


[image: Figure 11]
FIGURE 11. The experimental waveforms of the grid connected seventeen level inverter topology; (A) experimental setup of the grid-connected system; (B) the output voltage of the level generation circuit (VXY) and inverter output voltage (Vab); (C) the grid voltage (Vg) and current through the grid (Ig); (D) the current through the input DC sources (I1, I2, I3, and I4); (E) the output voltage of the level generation circuit (VXY) and inverter output voltage (Vab); (F) The grid voltage (Vg) and current through the grid (Ig); (G) the current through the input DC sources (I1, I2, I3, and I4).


Figure 11D shows the waveforms of the current through the two sets of the input DC sources (I1, I2, I3, and I4). It can be observed from Figure 11C that the inverter output voltage contains seventeen voltage levels and feeds good quality of current into the grid.

Further, the proposed bi-directional seventeen level inverter also tested for grid-connected application at 500 VA power rating. The experimental waveforms level generation circuit output voltage (VXY), inverter output voltage (Vab), grid voltage (Vg), grid current (Ig), and currents through the input DC sources at a power factor of 0.95 are shown in Figures 11E–G. The proposed bi-directional seventeen level inverter also feeds good quality of power into the grid with THD of 2.1%.



CONCLUSIONS

This paper has presented a new seventeen level inverter topology for single-phase grid-connected applications. The main advantage of proposed inverter topology is the reduced number of power components. Due to fewer power components, a compact system can be realized. Further, a comparison of the proposed seventeen level inverter topology with the existing MLIs is presented which shows the major advantages of the proposed configuration. The proposed seventeen level inverter has lower conduction losses because at maximum only five switches conduct in any mode of operation. Further, the bi-directional operation of the proposed topology is also presented. The possible 3- ϕ extension of the proposed 1-ϕ seventeen level inverter is also discussed and its extension for higher levels is also investigated. The proposed 1-ϕ seventeen level inverter and bi-directional seventeen level inverters are able to feed high-quality power into the grid with a current THD of 2.36 and 2.1% respectively. The proposed seventeen level inverter topology and its bi-directional operation also validated through experimental results and all the results are presented in the paper which shows the effectiveness of the proposed work.
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