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Abstract 
 
Packed u cell invertor is used on the cascadable nine level inverter. The two 

hardware of five level inventor of packed u cell inverter (PUC5) is used for 
cascadable nine level inverter. The topology and performance analysis are 

done on the cascadable nine level inverter. Multimode synchronized pulse 

width modulation scheme integrates this method of self-voltage balancing 
regardless of change in voltage happen, a nine-level voltage waveform has 

been yielded with less symphonious twisting, since it maintains the steady 

capacitor voltage at required level. Design has been completed with 

MATLAB/Simulink. 
 

Keywords: Nine level inverter, Inverter with less components count, 

Multilevel inverter (MLI), UCell Invertor , Cascadable inverter topology. 
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1 Introduction 
 

The multi-level inverters are having a huge usage in recent years due to 

the high voltage and power applications. staircase output waveform is 
produced in the multi-level invertors this kind of waveforms is sinusoidal 

waveform it looks like that.The smaller number of harmonics is in the output 

voltage in multi-level invertors when u compare with the conventional 
bipolar inverter when u take a note on the difference on the output voltages. 

The output voltage is increase in N level in multi-level invertors and the 

harmonics in the multi-level invertors reduced to zero value. The MLI are 

predominantly categorized as Diode clamped first type, capacitor clamped 
inverter (flying capacitor) second type, and multilevel inverter cascaded third 

0type is categorized. The third one cascaded multilevel control technique is 

extremely simple when compare with the other types because it not requires 
any clamping diode and flying capacitor[2,4],[7-21]. 

 

 
Figure1:Multilevel inverters classification 

 
The various arrangements of staggered inverters are as per the following: 

first one is the cascadedH-bridge type in MLI, the second one is the diode 

clamped type in MLI and the third one flying capacitor type in MLI as shown 

in Figure 1. 
The classifications and some newly derived techniques and types in 

multilevel inverter are shown below in figure 2. 
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Prakash J et al. [22-24] In multilevel inverter control methodology, there 

are two PWM techniques basically used.Selective Harmonics Elimination 

PWM and SPWM for high exchange recurrence delegated space vector 
PWM. SPWM is the most used of these PWM techniques for the staggered 

inverter, implementation of such a technique is simple. The SPWM 

synchronized pulse-width modulation can be defined as where it generated 

the PWM waveform (pulse-width modulated) in which the CPU can change 
the period or high time whenever. At the point when synchronized to a 

period work on a subsequent channel, SPWM low-to-high advances have a 

period relationship to advances on the subsequent channel. 
 

 
Figure2: Techniques and types in multilevel inverter 

 

The SPWM yield waveform obligation cycle avoids 0% and 100%. In 

the event that a PWM waveform doesn't have to keep up a period relationship 
to another PWM waveform, the PWM capacity ought to be utilized rather 

than the SPWM work. The accompanying definitions are utilized in the 

SPWM depictions. Synchronization implies that a period relationship exists 
between waveforms happening on various channels. A connection implies 

that a sign (interface administration demand) has been sent from a source 

channel (connecting channel) to a goal channel (connected channel). 
Connections are one approach to achieve synchronization. Synchronization 

can likewise happen in a redundant manner autonomous of a connection 

signal. The time capacity and its different methods of activity decide the 

strategy used to perform synchronization. SPWM has three methods of 
activity: mode 0, mode 1, and mode 2. 
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In this paper we use packed u cell invertor is used on the cascadablenine 

level inventors. The two hardware of five level inventor of packed u cell 

invertor (PUC5) is used for the cascadable nine level inventor. The topology 
and performance analysis are done on cascadable nine level inventor. 

Multimode synchronized pulse width modulation scheme integrates this self-

voltage balancing technique. regardless of change in voltage happen, a nine-
level voltage waveform has been yielded with less symphonious twisting, 

since it maintains the steady capacitor voltage at required level. Design has 

been completed with MATLAB/Simulink. 
 

2 Related Works 

 
D.Mohan et al. [1], Fifteen-level cascaded H-bridge MLI 

withsynchronised pulse width modulation control type was proposed. In their 

system, they analyses in detail with sine wave and also compared with 
different phase relationship in triangular carrier wave. Phase Opposition 

Disposition PWM, Alternate Phase Opposition Disposition PWM,Phase 

Disposition Modulation Method.In the output waveform the total harmonics 
distortion is reduced by the PWM control strategy method in their multilevel 

inverter. The MATLAB and Simulink environment are used to verify the 

efficiency. 

SuvethaPoyyamaniSunddararaj et al. [3] illustrates that in the field of 
powerful electronics that multilevel inverter is one of the major technologies 

because it has both voltage and power applications as high. The MLI has a 

good control mechanism because of reduced switch control, high resolution, 
and low modularity. There work contains in the multilevel inverter in a 

unique manner and it carried in a way that the multilevel inverter covers 

modulation technique and special methods for different configuration on 

structure and number of devices. By using this method of multilevel inverter 
number of switches can be reduced. Their review was serving for researchers 

as a reference in this field. 

Mani maraBoopathy M et al. [5] illustrates that their method greatly 
support the home appliances and manufacturing applications by using the 9-

level Cascaded Hybrid Multilevel inverter. Their method uses the solar 

energy and it almost reduces the THD to minimal level. The harmonic 
analysis when the use it affects the resulted minimized output voltage to a 

significance level in Total Harmonic Distortion.Harmonics are reduced by 

using PWM (Pulse width Modulation) technique and the results are shown in 

the wave forms. 
P. Satheesh Kumar et al. [6] analyzed the various strategies in multi 

carrier sinusoidal Pulse Width Modulation (PWM) in their proposed nine 

level Modified cascaded MLI. 
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 Their topology has in the conventional plants they use 18 switches, 

reduced cost, less complexity, reduced switching losses, eight switches with 

four diodes. Execution factors like %THD and VRMS have been estimated, 
and examined for Phase moved transporter wave game plan and three unique, 

level moved bearer wave courses of action both applied to the Single stage 

nine levels Changed fell staggered inverter. The qualities have been 

estimated for different balance records. It is discovered that the PDPWM 
procedure gives calculable %THD and worthy VRMS. Furthermore, it is 

likewise seen that it has a smaller number of prevailing music than different 

procedures. 
C. Kannan et al. [9] proposed new plan topology of exchanging design 

for H-connect fell MLI. The LS-PDPWM with FLC method is utilized for H-

connect fell MLI to enhance the exhibition as far as mitigating the THD. 
Additionally, the H – connect MLI is constrained by both FLC and PI 

controller. The recreation results are looked at. The reproduction result 

uncovers that the FLC is generally proficient and viable than different 

methods. Implementation of FLC and the wave form of the simulation output 
is shown in this paper. A fuzzy structure is shown in the figure with respect 

to the output and the error.  

 

3 Proposed Method 

 
In this proposed system a nine-level inverter have been build up with two 

five level inverters. As symmetry of half cycle in negative and positive 

values voltage balancing is taken in capacitor. 2nd and 3rd capacitors operate 

in +ve half cycle and 6th and 7th capacitors in –ve half cycle -Where the 

capacitor is charged and discharged. In this system we maintain the energy 
stored in the capacitor during both the cycle such as +ve and -ve cycles are 

same, due to the same half cycle in positive and negative values, the 

capacitor voltage is balanced to 1/2 supply voltage. 
Below table shows 2nd and 3rd capacitors operates in +ve half cycle and 

6th and 7th capacitors in –ve half cycle 
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Table1: Five Level Inverter Modes 

MODES Vl Output 

voltage 

S1 S2 S3 

1 +2E V1 1 0 0 

2 +E V1-V2 1 0 1 

3 +E V2 1 1 0 

4 0 0 1 1 1 

5 0 0 0 0 0 

6 -E -V2 0 0 1 

7 -E V2-V1 0 1 0 

8 -2E -V1 0 1 1 

Capacitor is associated with the source in mode 2 through the load. The 

capacitor charges with a voltage equivalent to the source voltage. The 
charging current can be controlled by controlling burden impedance and the 

width of PWM thus we can maintain voltage level to its ideal level E. with a 

base burden protection from charge the inverter will be working. The 
permitted least obstruction is 5 ω in recreation. 

 

 
Figure 3: Nine level inverter 

 
Figure3 shows about the Nine level inverter proposed in this method. 

Two separate five-level inverters were used to create a nine-level 

inverter. It has been demonstrated clearly how the voltage level used by two 
separate 5-level inverters.By associating the voltage level generated in an 

organization as shown in Figure 4 by each cell, the appropriate voltage levels 

can be shaped. 
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Figure 4: Nine level inverter working modes. 

 
We are going to explains how the circuit works in the 16 modes, there is 

negative and positive half cycles in the 16 modes in that 8 modes are positive 

and remaining 8 modes are negative and both are similar. The positive half-

cycles are listed and the positive 8 modes are seen here.. The voltage starts 
with 2E voltage levels and E is the half value of source voltage. 

From figure4 we are going to explain how it works,  

1st mode – zero voltage level, when all switches are turned ON (left side 
switches). 

2ndmode – in upper five level inverter supplies the voltage E is gotten 

when switches S1, S5, S3 are turned on and lower levels supply zero voltage. 
3rd mode- Both in upper and lower 5-level a voltage E is supplied by the 

inverter. By charging with lower and upper level through load resistor the 

total resultant will be 2E. 

4th mode – in upper and lower 5-levels the voltage 2E and E are supplied 
by the inverter and the resultant is 3E. 

5th mode – Both in upper and lower 5-levels a voltage 2E is supplied by 

the inverter and the resultant is 4E. 
6th mode - voltage E is supplied by upper inverterand voltage 2E is 

supplied by lower inverter and the resultant is Discharging of upper level. 

7th mode - in upper and lower 5 levels the inverter supplies voltage E 
and E respectively and the resultant is discharging in the capacitor.  

8th mode - in upper and lower 5 levels the inverter supplies voltage 0 and 

E respectively and the resultant is discharging in the lower level in this load.  



                                                                                                                  
 

 

 
 

 

 
6639 S.Jayaprakash et.al 

 

The above is about the positive half cycle. And if we want to check about 

lower half cycle then the same method goes on like we mentioned above but 

the only difference is lower cell supply voltage first. 

 

 
Figure 5: capacitor strategy 

 

In the both +ve and -ve half cycle modes (16 modes), these modes are 
selected one by one for to operates the nine-level inverter by comparing the 

sinusoidal reference wave with 50Hz recurrence and transporter incline 

signals. Bearer slam is utilized top most to choose from highest voltage level 

to lowest. 
 

3.1 Nine Level Inverter Simulation 

 

Voltage is not equal in all the capacitors which are balanced later and a 

consistent incentive is achieved with a 5 level of swell.  By the heap 
obstruction the wave voltage is constrained. a balanced nine level voltage 

wave structure is shown as the yield voltage of nine level. With a a resistive 

heap of R = 50ω this voltage level is framed. Voltage in the self-voltage 

adjusting capacitor is adjusted into its ideal esteem at the point when changes 
in load happens and keep up the yield voltage levels. 

 
Figure 6: nine level inverter output voltage 
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 The above graph shows the nine level inverter output voltages with 

respect to the time and the voltage. The input changes with respect to the 

time, this pulse changes the period of operation form positive half cycle to 
negative half cycle. This cycle continues until the operation attains the period 

of saturation. A pulse varies due to the pulses of the input signal and changes 

the values to the positive to negative.  
 

3.2 Analysis 
 

The THD esteem received is 13.8 in rate with nine level inverters. 4th, 

16th and 20th request sounds in yield waveform are transcendent in the FFT 
examination. In PWM exchanging method a noteworthy straightforwardness 

has been received on the controller while the Nine level activity contains low 

sounds substance that has its application in different mechanical application. 
, the In positive and negative half cycles, the yield voltage waveform shows a 

decent balance due to the precise voltage adjustment process. 
 

 
Figure 7: FFT analysis 

 
The above diagram shows the wave form pulses of the inverter model 

with the 250 cycles of operation of the inverter with FFT window of 30 

cycles is shown in red color. Analysis of FFT window for a certain signal is 

shown in the above diagram.Harmonic order of the FFT is graphed is above 
with respect to the % of fundamental.  
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4 Voltage Ripple Capacitor 
 

Voltage ripple capacitor is the capacitor used to boost the voltage which 

gets rippled due to some other external factors.  In fig8. with load 
obstruction, variety of capacitor voltage swell is shown. the wave can be 

made under 5 rates from the plot by utilizing obstruction of least esteem 5ω. 

On the off chance that the heap opposition of significant worth higher than 
5ω is utilized, the capacitor wave will lessen as needs be. 

 
 

Figure 8:Voltage ripple capacitor 

 
The above diagram shows the waveform of the voltage ripple capacitor. 

When the peak voltage gets reduced the load resistance gets saturation and 

attains constant load. if voltage gets lesser than the peak voltage then 
theLoad resistance gets increased. The voltage ripple capacitor is used to 

boost the voltage when it gets rippled by the external voltages.   

 

5 In Carrier Frequency 
 

 
Figure 9: In carrier frequency THD variation 

 
The above figure9 shows about the THD variation of carrier frequency.  
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THD means Total Harmonic Distortion. The above figure9 shows about 
the THD variation of carrierfrequency.The lowest value of acquired THD is 

around 9.5 at about 50kHz exchanging recurrence. This may very well be 

constrained in the same way by thinking about the rational limits of applying 
high recurrence in exchange. In this gadget the THD can be changed for a 

specific burden by changing the exchange recurrence Least. THD and the 

frequency varies with the input signals. At first both are in the steady state 
after that when the frequency gets increased THD gets decreased for certain 

instant, after that the THD gets sudden increase with respect to the 

frequency. 
 

6 Load Resistance 
 

 
Figure10:Load Resistance 

 
The THD variation of Load Resistance is shown in above figure 10. 

THD of yield can be influenced by the Load Resistance Change. by utilizing 

obstruction higher than 4ω it very well may be seen that from the 
examination the THD got steady and autonomous of load opposition. At the 

particular instant the load resistance at the peak after that certain instant the 

load resistance gets saturation and remains constant. 

 
7 Load Resistance Efficiency Variation 

 

 
Figure11: Load Resistanceefficiency 
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In the above figure11 it shows the THD variation in efficiencyin Load 

Resistance. It shows efficiency increases with load resistance. System 

efficiency increases when the load resistance increases with respect to 
time.At first the efficiency is low due to the fewer loads, after a certain 

instant the system efficiency is increases with respect to load. This is due to 

the increase in the load of the system. 

 

8 Inductance 
 

 
Figure12: Inductance 

In the above figure12 it shows the THD variation of Inductance. By 
fixing 50 Ω in load resistance variation happens by fixing that value and 

change inductance load. Whenever the value of THD increases inductance 

gets increase and attains saturation and starts to decrease. 

 

9 Conclusion 

 
In order to function as open-circle framework with solid outcomes At all 

voltages, just low music components, The current waveforms produced by 

the Nine Level Inverter do not require wide yield channels due to improved 
sinusoidal efficiency, Under variable load conditions due to programmed 

capacitor voltage, reliable and efficient execution adjustment organized in 

the exchange strategy. By utilizing less segments producing costs has been 

lowered down and scaled down bundle. By using this arrangement of nine 
level inverter switches are reduced for the operation in the input inverter side. 

Efficiency of the system gets increased due to the load resistance varies with 

respect to the peak applied voltage. Pulse width modulation takes places in 
the input sinusoidal wave form for the conduction period of both the positive 

and the negative half cycle. So the system can operate in both the state of 

operation to produce high efficiency and make the system stable. 
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