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 A multilevel inverter with few switching devices is proposed. It comprises of an H-Bridge and an 

inverter which yields multilevel voltage by exchanging the dc voltage sources in arrangement and in 

parallel. The proposed inverter can yield more number of voltage levels in a similar number of switching 

devices by utilizing this transformation. The number of gate driving circuits is diminished, which prompts 

to the lessening of the size and power utilization in the driving circuits. The total harmonic distortion of the 

output waveform is also decreased. The proposed inverter is driven by the Hybrid Modulation Method. In 

this paper, the circuit topology, Modulation Method, choice of devices, MATLAB/SIMULINK, and test 

results are shown. The experimental results are compared with the simulation results. 
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I. INTRODUCTION 

IN RECENT YEARS, vehicle makers have been 

confronted with the issue of building up an answer 

for the developing vitality emergency and ecological 

issues. In this way, electric vehicles (EVs), half 

breed EVs, and energy component vehicles are 

concentrated everywhere throughout the world one 

of the issues brought up in these reviews is the 

restriction of switching devices. In the event that 

the devices which can manage high voltage are 

utilized as a part of the inverter, their switching 

frequency is limited. Then again, when the 

revolution speed of the engine turns out to be high, 

the frequency of the reference waveforms likewise 

turns out to be high. At the point when the 

frequency of the reference waveforms turns out to 

be near the confined switching frequency, the 

output waveform is misshaped, and the 

unwavering quality of the engine is decreased. As 

an arrangement against the issue, the gadget 

voltage must be diminished to utilize rapid 

switching devices.  

In dc–dc converters, there is a technique for 

lessening the gadget voltage which isolates the 

voltage by the capacitors associated in 

arrangement. In this strategy, when three 

capacitors are associated in arrangement, the 

voltage of every capacitor gets to be distinctly 33%. 

A comparable strategy is additionally connected to 

inverters, i.e., multilevel inverters. As the 

capacitors are associated in arrangement,the 

voltage of the devices is decreased when a few 

devices are associated in arrangement. Applying a 

ABSTRACT 

International Journal for Modern Trends in Science and Technology 

Volume: 03, Special Issue No: 02, March 2017 

ISSN: 2455-3778 

http://www.ijmtst.com 

http://www.ijmtst.com/


 

 
69     Volume 3 | Special Issue 02 | March 2017 | ISSN:2455-3778 | www.ijmtst.com/ncee2017.html  

 

 

Proceedings of National Conference on Emerging Trends in Electrical Technology (NCEE-2017) 

multilevel inverter to EVs is proposed. A multilevel 

inverter can diminish the device voltage and the 

outputharmonics by expanding the quantity of 

output voltage levels. There are a few sorts of 

multilevel inverters: cascaded H-bridge 

(CHB),neutral point clamped, flying capacitor, and 

others. Specifically, among these topologies, CHB 

inverters have been centered as a result of Their 

measured quality and simplicity. Different balance 

techniques can be connected to CHB inverters. 

CHB inverters can likewise expand the number of 

output voltage levels effectively by expanding the 

number of H-bridges. Be that as it may, if the 

quantity of output voltage levels is expanded, the 

number of exchanging devices is likewise 

expanded, which makes a multilevel inverter more 

confounded. 

In this paper, a multilevel inverter utilizing 

parallel change of dc voltage sources is proposed. 

In the proposed inverter, the associations of a few 

number of voltage sources are switched in parallel 

by the switching devices. A similar number of 

voltage sources are expected to output the same 

number of voltage levels contrasted and traditional 

CHB inverters. Nonetheless, the voltage source, 

which can be a battery, is made out of various 

arrangement associated battery cells, which can be 

improved. The number ofswitching devices utilized 

for the proposed inverter is diminished by utilizing 

this plan. The harmonics of the output voltage 

waveform are likewise decreased. Capacitors, 

batteries, and other dc voltage sources can be 

utilized as the voltage wellsprings of the proposed 

inverter. In this way, the proposed multilevel 

inverter can be connected to framework associated 

photovoltaic frameworks, and so forth, while 

maintaining these preferences. 

II. CIRCUIT TOPOLOGY 

Fig. 1 demonstrates the circuit topology of the 

proposed inverter.The inverter is driven by the 

hybrid modulation method (HM) technique DC 

voltage sources V0−Vn are free of each other, 

what's more, V0 : Vk =1:2 (k = 1, 2,...,n) is Assumed. 

Switches Sa1, Sb1, and Sc1 are the switches inwhich 

dc voltage sources are in parallel. For 15-level (n = 

3). At the point when the switches Sa1 become OFF 

and the switches Sb1 and Sc1 get to be ON, the 

present streams in switches Sb1and Sc1, which 

interface voltage sources V1−V2 in parallel. At that 

point, when the switch Sa1 gets to be ON and the 

switches Sb1 and Sc1 get to be distinctly OFF, the 

present streams in the switch Sa1, which interface 

the voltage sources V1 and V2 in arrangement by 

means of the switch Sa1. Utilizing this parallel 

change of dc voltage sources, the lower H-bridge 

out- places vbus2 in 2n + 1 levels, while the upper 

H-bridge yields vbus1 = V0. The proposed inverter 

yields 4n + 3 levels by vbus1 + vbus2 or vbus2 − 

vbus1. 

 

 
                            Fig:1 

  At the point when the same CHB inverter is driven 

by the HM strategy 16 switching devices are 

required for 15 levels and 18 switching devices are 

required for 17-levels Then again, the proposed 

inverter requires 16devices for 17 levels. At the 

point when the proportion of the voltages of the 

sources V0:VT =1:4 is expected, the proposed 

inverter requires 11 devices for 17 levels. The 

proposed inverter can likewise expand the number 

of output voltage levels by changing the proportion 

of the voltages of the sources like CHB inverters. In 

this manner, the more output levels, the bigger the 

contrast between the required number of switching 

devices for the proposed inverter and the CHB 

inverters. In spite of the fact that a similar number 

of voltage sources is required contrasted and 

additional CHB inverters, the proposed inverter 

can be smaller than the CHB inverters on the 

grounds that the number of switching devices is 

decreased. 

A comparable plan is utilized as a part of 

switched capacitor (SC) inverters. Nonetheless, the 

SC inverters require36 switches for 15 levels and 

…. For 17-level. In this manner, the proposed 

inverter requires a lesser number of switching 

devices than SC inverters. What's more, the HM 

technique can be connected to the proposed 
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inverter as a result of the CHB structure of the 

proposed inverter. Accordingly, a few switches are 

driven in low frequency regardless of the possibility 

that the pulsewidth Modulation (PWM) driving 

technique is connected to the proposed 

Inverter.When an inductive load is associated, the 

output current falls behind the output voltage. 

Subsequently, a state is accomplished when the 

bearing of the current gets to be distinctly turned 

around to the power sources. Then again, when a 

resistive load is associated, the output current 

phase is concurred with the voltage phase. 

Subsequently, the switches Sb1and Sc1 can be 

supplanted by diodes. At the point when the 

proposed inverter is connected to some application 

without turn around power stream, either the 

switches Sb1 or Sc1 can be supplanted by diodes. 

More quantities of the switching devices can be 

lessened for this situation. 

 

III. MODULATION METHOD 

In this section, the adjustment strategy for 

proposed inverter is clarified for 15-level inverter. 

Fig.3 demonstrates the transport voltage waveform 

of 15-level inverter is driven by the adjustment 

strategy. The regulation file M is characterized as 

the apportion of adequacy of reference to bearer 

waveforms. 

M= A/7Ac 

Where A and Ac mean the amplitudes of the 

reference and transporter waveforms, respectively. 

Switches S5 and S6 are driven by contrasting the 

reference waveform e01and the bearer waveform es 

.As an outcome, the voltage Vacbetween focuses A 

and C in fig.1 shows up as appeared in fig.3. 

Switches S7 and S8 are driven by looking at the 

reference waveform e02 the transporter waveform 

es. Subsequently, the voltage Vbc between focuses 

B and C in Fig.1 shows up as appeared in 

Fig.3.Therefore,the yield voltage waveform of the 

upper H-connect Vbus1=Vac-Vbc is given as the 

waveform appeared in fig.3. 

Switches Sa1, Sb1, Sc1 and S1-S4 are exchanged 

ON/OFF when the reference waveform e01 gets to 

be distinctly irregular, as appeared in fig.3. At the 

point when Sa1 is OFF, Sb1 and Sc1 are ON, and S1 

and S4are ON, the yield voltage of the lower 

h-connect Vbus2 gets to be 

Vbus2=V1=V2=3Vo 

At the point when Sa1 is ON, Sb1 and Sc1 are OFF, 

and S1and S4are ON, Vbus2 gets to be 

Vbus2=V1+V2=6Vo 

At the point when Sa1 is OFF, Sb1 and Sc1 are ON, 

and S2and S3 are ON, Vbus2 gets to be 

Vbus2=-V1=-V2=-3Vo 

At the point when Sa1 is ON, Sb1 and Sc1 are OFF, 

and S2and S3 are ON, Vbus2 gets to be 

Vbus2=-(V1+V2)= -6Vo 

Along these lines, the yield voltage waveform of the 

lower H-connect Vbus2 shows up as appeared in Fig. 

4. The proposed inverter yields the 15-level voltage 

waveform by including Vbus1and Vbus2. 

 .                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

IV.CHOICE OF THE DEVICES 

The switching devices of the proposed inverter 

must be picked deliberately, on the grounds that 

the voltages of every device are different. The 

voltages of the switches Sa1−San−1, Sb1−Sbn−1, and 

Sc1−Scn−1 amid their OFF state are VSa1−VSan−1, 

VSb1−VSbn−1, and VSc1−VScn−1, which fulfill 

VSa1 = VSa2 = ··· = VSan−1  

       = VSb1= VSb2 = ··· = VSbn−1 

       = VSc1 = VSc2 = ··· = VScn−1 

                  n 

       =  2/(2n+1)⅀Vk.  

                 k=0 

The voltage of these switches gets to be 

distinctly smaller and smaller contrasted and the 

output voltage when the number of levels is 

expanded. The switching frequency of these 

switches is double the frequency of the reference 

waveform. In this way, both a MOSFET and an 

insulated gate bipolar transistor (IGBT) are 

reasonable for these switches. The voltages of the 

switches S1−S4 amid their OFF state are VS1−VS4, 

which fulfill 

                                                        n 

VS1 = ··· = VS4 =⅀ Vk. 

                    K=0 

asonable for these switches. The voltages of 

the switches S5−S8 amid their OFF state are 

VS5−VS8, which fulfill 

                                  n 

VS5 = ··· = VS8 = (1/(2n+1))   ⅀Vk.  

                                       k=0 

The voltage of these switches turns out to 

be practically equivalent to the output voltage. 

Then again, the switching frequency of these 

switches turns into the same with that of the 

reference waveform. In this manner, an IGBT is 

reasonable for switches.                         

The voltage of these switches gets to be 

distinctly smaller and smaller contrasted with the 

output voltage when the number of levels is 

expanded. Then again, the switching frequency of 

these switches is the carrier frequency. 
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Subsequently, a MOSFET is reasonable for these 

switches. 

The prior discourse presumes that there are 

appropriate and inadmissible devices for the 

switches in the proposed inverter. 

Notwithstanding, there is favorable position that 

the voltage of the switches driven at high 

recurrence is low and that the switching frequency 

of the switches with high-voltage stress is low. 

 

V. CALCULATION OF TOTAL HARMONIC 

DISTORTION 

THD is defined as the ratio of square root of 

square of RMS individual voltages to the 

fundamental voltage. 

 

 

NO.OF OUTPUT LEVELS 

 

THD% 

 

3-LEVEL 

 

47.70 

 

11-LEVEL 

 

9.07 

 

15-LEVEL 

 

6.80 

 

17-LEVEL 

 

4.32 

 

 

VI. EXPERIMENTAL RESULTS 

An IRF510 MOSFET is utilized as the 

switchingdevice, and a SR340 MOSFET is utilized 

as the diode. The controlled dc control supply 

LX035-1A TAKASAGO is utilized as the dc voltage 

source. The modulation list M = 0.9 and f = 40 kHz. 

The entryway driving sign is given by a 

field-programmable entryway cluster: 

EP1C6T144C8 Altera. At the point when a 

resistance R is associated, the yield resistance R is 

R = 50 Ω and the diode Dc1 is utilized rather than 

the switch Sc1. The THD presented with an 

oscilloscope was 15.09%. 

 

Vbus1Voltage: 

 

Vbus2 Voltage: 

 
 

Vout Voltage: 

 

 
 

 

VII. CONCLUSION 

In this paper, a multilevel inverter which decreases 

the quantity of switching devices by switching the 

dc voltage sources in parallel has been proposed. 

The modulation technique and the examination of 

the harmonics in its yield voltage waveform are 

appeared. The simulation results are appeared and 

are accorded with the experimental results. 

         The proposed inverter can decrease the 

quantity of switching devices compared with 

conventional multilevel inverters in the same 

number of output voltage levels. The proposed 

inverter can likewise decrease the THD of its 

output waveform. In the proposed inverter, 

switching devices intended for low-voltage 

high-frequency operation and high-voltage 

low-frequency operationsare utilized. Therefore,the 

proposed inverter can be connected to 

medium-and high-power applications. 
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