
Clamped Capacitor Multilevel Inverter Using 

Sinusoidal Pulse Width Modulation (SPWM) 

Methods 

B.Jyothi                                                      A.Ravi Teja                                          N.Bhaskar  

Assistant Proffesor                                     UG student                                           UG student  

Department  of  EEE                                  Department  of  EEE                            Department of  EEE    

KLUNIVERSITY,India                             KLUNIVERSITY,India           KLUNIVERSITY,India 

Jyothieee@kluniversity.in             raviteja8929@gmail.com                 narrabhaskar99@gmail.com 

  

 
Abstract: This project discuss about inverters that transfers power from DC source to an AC load. Multilevel inverters 

are used in the applications that need high voltage and high current. This level of increase in voltage allows them to reach 

high voltage with low harmonics without the use of transformers or series-connected synchronized switching devices. The 

general structure of multilevel converter is to synthesize a near sinusoidal voltage from several levels of DC voltages 

producing straircase waveform. The different methods adopted to achieve staircase wave forms are Diode-clamped 

multilevel inverter, Flying-capacitors multilevel inverter, Cascade multilevel inverters. This project is focused on the 

flying capacitor multilevel inverter (FCMLI) fed induction motor drive. The proposed method with five-level flying 

capacitor multilevel inverter is operated by using sinusoidal pulse width modulation technique. This type of selected 

operation is continued on the analysis of Five-phase operation of multilevel inverter. The performance of proposed 

methods are investigated  through simulation. 

Keywords: Flying capacitor multilevel inverter,Sinusoidal Pulse Width Modulation (SPWM), Total Harmonic Distortion. 

I.INTRODUCTION 

There are many daily life usage of multilevel voltage source inverter in many industrial applications like static VAR 

compensators, Drive systems, AC power supplies etc. Multilevel arrangement is one of the noteworthy use of  the 

decrease in harmonics in resultant waveform without change in frequency of switching or declining the inverter 

power output [1-3].The waveform of output voltage in a multilevel inverter of ‘n level’ is generally obtained from 

voltage sources of capacitor. As the  levels approaches to infinity so the  THD approach almost zero. The  measure 

of attainable voltage levels, but  it is restricted by problems of voltage unbalance, requirement of clamping power, 

circuit outline and casing constraint. Flying-capacitor-based inverter  was introduced by  Foch  and Maynard in the 

year 1992. The design of this inverter is similar to that of the diode-clipped inverter  rather than utilizing clasping 

diodes, the inverter utilizes capacitors in their place.  

 

FLYING CAPACITOR MULTILEVEL INVERTER 

The Flying capacitor multilevel inverter requires a large amount of capacitors to clip the circuit (change) voltage to 

one capacitor voltage level. Given every one of the capacitors are of identical level, a n-level inverters requires an  

(n-1)×(n-2)/2 clamping capacitors for each stage leg notwithstanding (n-1) fundamental dc transport capacitors. The 

extent of the voltage increase between two progressive legs of the clamping capacitors shows the measure of voltage 

levels in the waveform. Let’s consider the arrangement of capacitors in a one clamping leg as a proportionate 

capacitor, then for a n level inverter, if the voltage of the fundamental dc capacitor is Vdc, the voltage of the deepest 

capacitor is Vdc/(n-1). The following rest of the  capacitor voltage should be Vdc/ (n-1) + Vdc/(n-1) = 2Vdc/(n-1). 

There will be voltage increment for Every next clamping capacitor of Vdc/ (n-1) from its voltage increment inner 

one. The provision and voltage levels of the flying capacitors in the FCMLI structure confirms that each main device 

is of same voltage stress and is equal to Vdc/(n-1), for an n-level inverter. Figure represents one phase leg of a 5-

level inverter. For a 3- phase inverter, two more legs of identical construction are paired to that dc-link battery Vdc. 

In this diagram each and every switch Sa’1 to Sa'4 and Sa1 to Sa4 consisting of a power semiconductor device (e.g. 

IGBT, GTO) and an anti-parallel diode. Voltages VC2, VC1 and VC3 are Vdc/4, Vdc/2, 3Vdc/4 and Vdc 

correspondingly, as n = 5. 
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Fig.1: Three phase five level capacitor inverter 

 

 Combinations of switches as shown in Table 1 is referred to combine the voltage of stage a, Van, w.r.t. the unbiased 

point n. The center of dc capacitor, C1 is charged, while capacitors C2, C3 and C4 are the flying capacitors which 

gives the multilevel voltage capacity to change over.The combinations of the switches (S2, S21), (S1, S11), (S4, S41) 

and(S3, S31)  are blocked in complementary manner. Thus if, S11 is OFF and  S1 is ON and vice-versa. 

In Table 1, NC indicates zero modifications in the working of consequent capacitor, the capacitor either charges  nor 

discharges in this mode. The sign positive( +) and negativre(−) in that order to show the discharging and charging 

of the perticular capacitors. The switching patterns of the positive half cycle in the output of current waveform. The  

capacitor (positive and negative) sign will alters for the opposite half cycle of the current. In the given table shows  

that the patterns offer combination of multiple switchings  for Van equal to – Vdc/4, 0 and Vdc/4. 
Table.1 Switching Scheme for One Phase Leg of a 5-Level FCMLI 

 
 

 
III.MODULATION SCHEME 

The different exchanging techniques that have been proposed for integrating output voltage with least twisting, 

sinusoidal pulse width modulations (SPWM) procedure is utilized here. In this technique, various triangular 

waveforms are contrasted and a controlled sinusoidal adjusting signal and the exchanging rules for the switches are 

chosen by the crossing point of the careier waves with the balancing signal. For a 5-level inverter, a modulation sign 

and 4 bearer waves are required for each period of the inverter as appeared in Figure 3.2.a The amplitude sign of 

each stage is having difference from each other by 120°. The majority of the carrier signs have a similar recurrence 

fc and a similar plentifulness Ac, while the balancing signal has a recurrence of fm and abundancy of Am. fc ought 
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to be in the products of three-times to that of fm. This is required with the end goal that all the modulation sign of all 

the three stages see similar carriers, as  they are 120° seperated. 

 
Fig.2: Waveform of SPWM and output voltage 

The carrier waves and the modulation signs are analyzed and the output of the comparator characterizes the output 

voltage waveform. It is accepted that the adjusting signal fluctuates from + 2 to −2. The amplitudes of the 4 
bearer waves differ from 0 to 1, 1 to 2, in the positive half cycle of the modulation signal, and from 0 to −1, 
and −1 to −2 in the negative half cycle. In the positive half cycle the output will have  + 1 if the  modulation 
sign is more prominent than that of the bearer wave (0 to 1) and 0 generally. Likewise for the negative half 
cycle if the adjusting sign is lower than the bearer wave (0 to–1),then the results of the comparator is −1 and 
0 generally. On the off chance that the regulating sign is more noteworthy than both the carrier waves in the 
positive side of, the output is + 2. Along these lines 5  levels (+ 2, + 1, 0, −1, −2) are gotten. The outputs of 
each comparator for each stage are joined to create the relating choice signs for the changes to integrate the 
resultant voltage of that stage. The  reference signal is appeared in Figure 3.2.b. This flag takes after the 
output voltage waveform of the inverter and chooses the voltage level, which is to be produced at a specific 
period. 

INDUCTION MOTOR (IM) 
 

An induction motor is an example of asynchronous AC machine, which consists of a stator and a rotor. This motor is 

widely used because of its strong features and reasonable cost. A sinusoidal voltage is applied to the stator, in the 

induction motor, which results in an induced electromagnetic field. A current in the rotor is induced due to this field, 

which creates another field that tries to align with the stator field, causing the rotor to spin. A slip is created between 

these fields, when a load is applied to the motor. Compared to the synchronous speed, the rotor speed decreases, at 

higher slip values. The frequency of the stator voltage controls the synchronous speed. The frequency of the voltage 

is applied to the stator through power electronic devices, which allows the control of the speed of the motor. The 

research is using techniques, which implement a constant voltage to frequency ratio. Finally, the torque begins to 

fall when the motor reaches the synchronous speed. Thus, induction motor synchronous speed is defined by 

following equation, 

  (1) 

Where f is the frequency of AC supply, n, is the speed of rotor; p is the number of poles per phase of the motor. By 

varying the frequency of control circuit through AC supply, the rotor speed will change. 

 

A. Control Strategy of Induction Motor 

Power electronics interface such as three-phase SPWM inverter using constant closed loop Volts l Hertz control 

scheme is used to control the motor. According to the expected output the peak, speed and frequency of the 

reference waveform will differ. In order to maintain stable magnetic flux in  motor, the ratio of the amplitude of 

voltage to frequency is kept constant. So closed loop Proportional Integral (PI) controller is executed to regulate the 

motor speed to the preferred set point. The closed loop speed control is observed by the actual motor speed 

measurement, which is equated to the reference speed while the error signal is produced. The polarity and magnitude 

of the error signal corresponds to the disparity between the actual and required speed. The PI controller generates the 

corrected motor stator frequency to compensate for the error, based on the speed error. 
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IV.SIMULATION RESULTS 

 
Fig: 3: simulation circuit diagram of five phase five level capacitor inverter 

 
Fig:5: Simulation waveform of stator voltage 

 
Fig: 6: Simulation waveform of output voltage 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 1 (2017) 
                                          © Research India Publications.  http://www.ripublication.com 

569



 
Fig: 7: shows the THD response of the proposed converter 

 
Fig: 8: Simulation waveform of three phase five leg capacitor inverter with Induction motor 

 
Fig: 9: Simulation waveform of stator current 

 
Fig: 10: Simulation waveforms of current, speed, torque 

 

CONCLUSION 

In the proposed five phase clamped capacitor multilevel  inverter is used for  efficiency of the inverter  and also to 

get sinusoidal waveform. By using MATLAB the five level inverter has been illustrated in simulation results. The 

inverter is low means the design of the inverter switching pattern is easiest. High resolution Multilevel inverter is 
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obtained. The performance is used to advance the extend the design and flexibility and level of inverters  reduced 

the harmonics. 
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