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ABSTRACT 

In this paper, two-level and three-level voltage-source-converter (VSC) using two techniques namely Selective 

Harmonic Elimination - Pulse Width Modulation (SHE-PWM) and Ripple Repositioning technique are proposed. Here 

ripple repositioning technique is nothing but SHE-PWM with variable modulation index. In this, lower order 

harmonics (3rd, 5th, 7th, etc.) are suppressed by using SHE-PWM technique. The proposed converter consists of ripple 

repositioning technique in addition to SHE-PWM. The application focuses on the three-level converter when its dc-link 

voltage contains a mix of low-frequency harmonic components. SHE-PWM offers the lowest possible number of 

switching transitions. The performance of the proposed techniques is investigated by using MATLAB/SIMULINK 

software and results are presented. 
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INTRODUCTION 

In present scenario industries face many problems for management and operation of electrical utility grid. 

This leads to diversity of supply which focuses on hybrid sources of energy and need for sustainable energy 

sources. On the other hand, there is a need to improve the efficiency, reliability, energy security, and quality of 

supply. In recent years these problems are overcome by smart grid technology which is having benefits like 

reduction in cost, two-way commucation, self-healing capability etc. 

Therefore, Power systems need to be controlled in automated manner such as electronically controlled 

smart grids. Two possible advanced technologies are Flexible alternating current transmission system (FACTS) 

and voltage-source converter (VSC)-based high-voltage dc (HVDC) power transmission systems [2]. 

 

Figure 1: Phase of the Two-Level VSC for the HVDC Power Transmission System 
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Figure 2: Three-Phase Three-Level VSC 

Generally, power converters are used either Current-Source Converter (CSC) or Voltage Source Converters 

(VSC).But due to the invention of fully controlled power semiconductors switches (IGBTs,IGCTs etc) four-quadrant 

power flow is possible. A typical configuration of the VSC-based HVDC power transmission system is shown in Figure 1 

[7], [8]. 

Multilevel converters [2] can be more efficient but they are less reliable due to the higher number of components 

and the complexity of their control and construction. Increasing the number of levels above three is a difficult task for the 

industry. The multilevel converters are beyond the scope of this paper. This paper focuses on the three-phase three-level 

VSC topology (Figure 2) and associated optimized modulation. 

In most cases, the dc side output voltage of the of the converter is assumed to be constant and the balanced ac 

network. But these conditions are not applicable for present existing systems. So, fluctuations at various frequencies will 

produce harmonics into the system. Inverters with 2
nd

 harmonic on the dc bus generate the third harmonic on the ac side 

[10]. The proposed M-type modulation technique allows 33% reduction in the switching transitions without lowering the 

order of the predominant harmonic. The geometrical technique of [12] proposes a numerical calculation by modifying the 

pulse-width to cancel the harmonics produced by the dc-side ripple voltage. It has lower total harmonic distortion (THD) 

when compared with the conventional triangular sinusoidal PWM in the case where the dc-link voltage also fluctuates. 

However, [11] and [12] deal with sinusoidal-PWM techniques, which require a relatively high number of transitions per 

cycle to eliminate the low-order harmonics. Selective harmonic elimination pulse-width modulation (SHE-PWM) is the 

harmonic control with the lowest possible switching to give tightly controlled voltage spectrum and increase the bandwidth 

between the fundamental frequency and the first significant harmonic. 
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In the present scenario the size and power handling capability of the VSCs has increased gradually and has 

reached new inventions for utility applications. Effects of voltage and current harmonics on the converter design and 

operation and system performance plays important role in HVDC power transmission systems. 

For determination of harmonic Spectrum of the dc-bus currents of VSCs is presented in [14]. A general method 

for calculating the dc-bus currents for unbalanced, balanced, linear, and nonlinear loads for three-phase two-level VSC is 

discussed in [15]. Minimizing or eliminating harmonic flow in the dc-link capacitors will decrease the dissipated heat and 

increase overall reliability and efficiency. 

On the other hand, optimized modulation techniques offer tight control of converter-generated harmonics 

discussed in [19]. To find the complete solutions by solving the Selective Harmonic Elimination Pulse Width Modulation 

(SHE-PWM) equations for three-phase two-level inverters is discussed in [20]. In this paper, the dc-link voltage is 

assumed to be constant. A method is proposed to minimize the dc-link ripple voltage from creating low-order harmonics 

on the ac side of fixed and variable frequency inverters. However, only one of the multiple SHE-PWM [20] of solutions is 

discussed. 

The main objective of this paper is to discuss the effectiveness of SHE-PWM and ripple repositioning technique 

for both two-level and three-level three-phase VSC to reduce the ac side fluctuations of the dc link without the use of 

passive components. 

ANALYSIS OF THE PWM CONVERTER AND SHE-PWM 

A three-level three-phase VSC topology with IGBT technology with optimized SHE-PWM technique shown in 

Figure 2. Figure 3 shows a typical periodic three-level SHE-PWM waveform.  

The waveforms of the line-to-neutral voltages can be expressed as follows: 

 =                                                                                                (1) 

Where ω0 is the operating frequency of the ac, and Vdc is dc-link voltage. 

 

Figure 3: Typical Three-Level PWM Switching Waveform with Five Angles per Quarter Cycle 
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Figure 4: Solution Trajectories (a) Per-Unit Modulation Index over a  

Complete Periodic Cycle (b) Five Angles in Radians 

Thus, the line-to-line voltages are given by 

 =                                                                                                 (2) 

The SHE-PWM method offers numerical solutions which are calculated through the Fourier series expansion of 

the waveform 

 

                                                                                                                  (3) 

Where N+1 are the angles that need to be found. 

Using five switching angles per quarter-wave (N=4) SHE-PWM, k=5, 7, 11, 13 to eliminate the 5th, 7th, 11th, and 

13th harmonics. During the case of a balanced load, the third and all other harmonics that are multiples of three are 

cancelled, due to the 120 symmetry of the switching function of the three-phase converter. The even harmonics are 

cancelled due to the half-wave quarter-wave symmetry of the angles, being constrained by 0 < α1 < α2 < . . . < αN+1 < ∏/2 

RIPPLE REPOSITIONING TECHNIQUE 

The low-order harmonics produced by the dc-link ripple voltage of a VSC is reduced using reposition technique is 

described. For every available modulation index (M) switching angles are pre-calculated to obtain the trajectories for the 

SHE-PWM, as shown in Figure 4.  

The intersections of the trajectories shown in Figure4.When the dc link has a ripple voltage of constant frequency 

ωr and amplitude k times the dc-side voltage, the line-to-neutral voltage is represented as 

V`LN = VLN (1+k sin ωrt)                                                                                                                                           (4) 

Therefore, the modified line-to-line voltage of (2) becomes 
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                                                                                                                  (5) 

The method is used in the same way as in (5) to derive the other two line-to-line voltages of the three-phase 

converter: V`BC and V`CA. As was already mentioned, unbalance on the ac network can cause the 2
nd

 harmonic on the dc-

side voltage. Hence, ωr=2ω0, and by substituting n=1 in (5), the lower order harmonics are given by 

 

             (6) 

The negative-sequence fundamental component and the positive- sequence 3rd harmonic are created on the ac 

side since it is proven in (6).  

From Fourier transform properties, multiplication in one domain corresponds to convolution in the other domain. 

So even if one frequency is removed from the modulated signal, it is expected to appear as sidebands of the switching 

frequency. Switching function of the conventional SHE-PWM and the new switching function is represented by 

               (7) 

Therefore, the relevant line-to-neutral voltage is given by 

             (8) 

The new switching function has the property of mitigating the low-order harmonics of the ac side, produced by 

the ripple of the dc-side voltage. This new switching function is generated from the respective intersections of the modified 

modulating signal and the trajectories of harmonic elimination solutions. 

SIMULATION AND RESULTS 

• Two-Level VSC 

The simulation is carried out using MATLAB/SIMULINK software in three different cases. 

Case1: Constant DC source and constant Modulation Index 

The SIMULINK model for case1 for two-level is shown in figures. 

The results are identical to the ones taken by using conventional SHE-PWM with a fixed modulation index (i.e, 

M=0.75). 

In figure.5 SIMULINK model of two-level VSC without ripple in the DC input with Constant modulation index is 

shown. Figure.6 shows the output waveforms for the case1. 
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Figure 5: Two-Level VSC without Ripple in dc Input 

 

Figure 6: Simulation Results for SHE-PWM (Sequentially from top to Bottom) (a) DC-link Voltage (b) Solution 

Trajectories to Eliminate Harmonics and Intersection Points with the Modulating Signal (M = 0.75) (c) Line-to-

neutral Voltage (d) Line-to-line Voltage (e) and (f) Positive- and Negative-Sequence line-to-line Voltage Spectra, 

Respectively 

Case2: 10% ripple in the DC source and constant Modulation Index 
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The SIMULINK model for case2 for two-level is shown in figures. 

In figure.7 SIMULINK model of two-level VSC with 10% ripple in the DC input with Constant modulation index 

is shown. Figure.8 shows the output waveforms for the case2. 

 

Figure 7: Two-Level VSC with 10% Ripple in dc Input 

    

 

Figure 8: Simulation Results for SHE-PWM (Sequentially From Top to Bottom) (a) DC-Link Voltage (b) Solution 

Trajectories to Eliminate Harmonics and Intersection Points with the Modulating Signal (M = 0.75) (c) Line-to-

Neutral Voltage (d) Line-to-Line Voltage (e) and (f) Positive- and Negative-Sequence Line-to-Line Voltage Spectra, 

Respectively 

Case3: 10% ripple in the DC source with Ripple Repositioning Technique 

The SIMULINK model for case3 for two-level is shown in figures. 

In figure.9 SIMULINK model of two-level VSC with 10% ripple in the DC input with Variable modulation index 

is shown. Figure.10 shows the output waveforms for the case3. 
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Figure 9: Two-Level VSC with 10% Ripple in dc Input with Variable Modulation Index 

    

 

Figure 10: Simulation Results for 10% Ripple of the 2nd Harmonic at the dc Bus by Using the Repositioning 

Technique (Sequentially From Top to Bottom) (a) DC-Link Voltage with 10% Ripple. (b) Modified Modulating 

Function and its Intersection with the Solution Trajectories. (c) Line-to-Neutral Voltage. (d) Line-to-Line Voltage. 

(e) and (f) Positive- and Negative-Sequence Line-to-Line Voltage Spectra, Respectively 

• Three-Level VSC 

Case1: Constant DC source and constant Modulation Index 

The SIMULINK model for case1 for three-level is shown in figures. 

In figure.11 and 12 SIMULINK models of three-level VSC without ripple in the DC input with Constant 

modulation index is shown. Figure.13 shows the output waveforms for the case1. 
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Figure 11: Three-Level VSC without Ripple in dc Input 

 

Figure 12: Five-Level VSC 

    

Figure 13: Simulation Results for SHE-PWM (Sequentially From Top to Bottom) (a) DC-Link Voltage (b) and (c) 

Solution Trajectories to Eliminate Harmonics and Intersection Points with the Modulating Signal (M = 0.75). (d) 

Line-to-Neutral Voltage (e) Line-to-Line Voltage (f) and (g) Positive- and Negative-Sequence Line-to-Line Voltage 

Spectra, Respectively 

Case2: 10% ripple in the DC source and constant Modulation Index 

The SIMULINK model for case2 for three-level is shown in figures. 
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Figure 14: Three-Level VSC with 10% Ripple in dc Input 

In figure.14 SIMULINK model of two-level VSC with 10% ripple in the DC input with Constant modulation 

index is shown. Figure.15 shows the output waveforms for the case2. 

   

Figure 15: Simulation Results for SHE-PWM (Sequentially From Top to Bottom) (a) DC-Link Voltage (b) and (c) 

Solution Trajectories to Eliminate Harmonics and Intersection Points with the Modulating Signal (M = 0.75). (d) 

Line-to-Neutral Voltage (e) Line-to-Line Voltage (f) and (g) Positive- and Negative-Sequence Line-to-Line Voltage 

Spectra, Respectively 

Case3: 10% ripple in the DC source with Ripple Repositioning Technique 

The SIMULINK model for case3 for three-level is shown in figures. 

In figure.16 SIMULINK model of two-level VSC with 10% ripple in the DC input with Variable modulation 

index is shown. Figure.17 shows the output waveforms for the case3. 
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Figure 16: Three-Level VSC with 10% Ripple in dc Input with Variable Modulation Index 

    

Figure 17: Simulation Results for 10% Ripple of the 2nd Harmonic at the dc Bus by using the Repositioning 

Technique (Sequentially From Top to Bottom) (a) DC-Link Voltage with 10% Ripple (b) and (c) Modified 

Modulating Function and its Intersection with the Solution Trajectories (d) Line-to-Neutral Voltage (e) Line-to-line 

Voltage (f) and (g) Positive- and Negative-Sequence Line-to-Line Voltage Spectra, Respectively 

From the above results the less number of harmonics and low THD value obtained in three-level VSC compared 

to two-level VSC. This shows that three-level VSC is preferable in HVDC based systems. The performance is also 

investigated with simulation results in MATLAB/SIMULINK software. 

CONCLUSIONS 

In this paper, two-level and three-level voltage-source-converter (VSC) using Selective Harmonic                                   

Elimination - Pulse Width Modulation (SHE-PWM) and Ripple Repositioning technique are studied. The performance of 

the proposed techniques is studied for both two-level and three-level using MATLAB/SIMULINK. The results obtained 

from the simulation are indicates that three-level VSC has better performance compared to two-level. Therefore, three-

level VSC is mostly used in HVDC based systems and FACTS devices. In this paper, the proposed techniques are 

validated in three different cases. 
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