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ARTICLEINFO ABSTRACT

Received: 18 Oct 2024 Introduction: Multilevel topologies are becoming more and more popular, and new topologies

have been created. High voltage is used to create staircase output in order to lower the THD.

For the carrier signal triangle and trapezoidal signal has been arranged in Phase opposition

Accepted: 15 Dec 2024 pulse width modulation (PODPWM), phase disposition pulse width modulation (PDPWM),
alternative phase opposition disposition pulse width modulation (APODPWM), phase shifted
PWM (PSPWM), to analyze the total harmonic distortion for ANPC topology. In this paper the
RMS value of phase voltage and THD value of output voltage is comparing and the most
effective PWM technique for a 1500V DC bus, three phases, 3 level ANPC inverter is identified
for use with 1200V switching devices. SIN wave is used as a reference signal to simulate and
compare two different carrier signals for three-level inverter in PSIM software.
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Objectives: Several innovative modulation techniques for ANPC are incorporated into the
control algorithm. The optimization targets can be divided into the following three categories.

e  The main objective is to Reducing the voltage THD.
e The second objective is to increase the output voltage by recommending suitable
modulation techniques.
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INTRODUCTION

For a 3 level multilevel inverter various topologies are used but ANPC topology for a single DC source becoming
more and more popular. High voltage is used to create staircase output in order to lower the THD. Phase opposition
pulse width modulation (PODPWM), phase disposition pulse width modulation (PDPWM), alternative phase
opposition disposition pulse width modulation (APODPWM), phase shifted PWM (PSPWM) are some of the PWM
techniques used to analyze the total harmonic distortion for ANPC topology.[1-3] In this paper the RMS value of
phase voltage and THD values are analised by using the most effective PWM technique for a 1500V DC bus, three
phases, three level ANPC inverter is identified for use with 1200V switching devices. SIN-Triangle/Trapezoidal
PWM techniques have been used in PSIM to simulate a three-level inverter.

OBJECTIVES

The ANPC topology first proposed by ABB. Figure 1 depicts the structure of a three-level ANPC (3L-ANPC) that
uses switching devices in place of the clamp diodes in a three-level NPC topology.
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Figure 1. Topology for 3 level ANPC inverter

Several innovative modulation techniques for ANPC are incorporated into the control algorithm. The optimization
targets can be divided into the following three categories. In this paper the strey inductance also included in the
simulation as the DC bus voltage is at 1500V, the due to strey inductance at the switching instant high voltage spike
also to be appear at the switching device.[4-5]

e The main objective is to Reducing the voltage THD.

e The second objective is to increase the output voltage by recommending suitable modulation techniques.
METHODS

The power quality issues mentioned in given reference paper has tobe mitigates. For the 3 level ANPC inverter
there are 48 switching states are available, some of the switching states are dangerous and can cause the short
circuit of the DC bus voltage.[6-8,10] When the switch S5 and/or S6 are in ON condition some of the switching
states are no longer dangerous. All the switches operate in different combination to generate three level output
voltage. Depending upon the switching time the switches may operate in either high frequency mode (HF) or
operate on output law frequency (LF), the basic principle is describing in references. “Figure 2” shows the PWM
method based on HF/LF combination is describes. The zero state, in which the current travels via various
conduction pathways, is where the PWM techniques diverge from one another.[9,11]
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Figure 2 PWM methods for ANPC inverter

This PWM method has an advantage by usining it in ANPC application is that it reduce the stray inductance from a
long commutation loop to the short commutation loop. In this PWM method has a switching device S2 and S3
having a stat transition at power frequency and hence the overall switching losses are less but the conduction losses
are more. the proposed PWM method is is shown in “Figure 2”.[12]

To obtain the above PWM pulses SIN-Triangle/trapezoidal comparision method is more prefreble than the other
techniques. [13-15]Unlike other optimized PWM methods, these methods have no need for look-up tables for the
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desired switching states of power switches, extensive offline computations, or optimization techniques. Based on
the phase arrangement triangle signals are arranged in Phase disposition PWM (PDPWM), Phase opposition
disposition PWM (PODPWM), Alternative Phase Opposition Disposition PWM (APODPWM) as shown in “Figure

4”.[17-18]

The reference signal the mathematical expression is given in “Eq 1”

V: = sin (w*t), Vy = sin (w*t - 27t/3), V = sin (w*t + 271/3) [1]
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Figure 3. Phase arrangement of Triangle Carrier based PWM method for ANPC inverter (a) PDPWM (b) PODPWM
(c) APODPWM
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Figure 4.Different Trapezoidal Triangle Carrier based PWM method for ANPC inverter (a) PDPWM (b) PODPWM
(c) APODPWM (d) PSPWM

SIMULATION OF 3 LEVEL ANPC INVERTER

The following parameters are used to run the simulation in this paper. The following is the selection of the
simulation parameters.

Lload = 2400uH, Lq = 30onH, Lgclamp = 120nH, Lginv = 120nH, Lbus = 120nH, Vdc = 1500V, C1 = 28.2mF, C2 =
28.2mF, Rload = 27mQ. 5 kHz is the switching frequency (fswich). The choice for a switching device is 1200V IGBT.
The modulation index is taken as 1 and measures the THD value of output phase voltage and the peak voltage
across each switching devices.

A triangle wave with various phase combinations in PDPWM, PODPWM, PSPWM and APODPWM techniques can
be used to generate the PWM pulses carrier wave. The resulting wave can then be compared to the reference wave
produced by various techniques.
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Figure 5 Simulation schematic diagram of ANPC inverter

RESULTS

Figure 6 ANPC inverter gate signals for switch Sa1 to Sa6

Table 1 Comparision of output RMS voltage, output voltage THD and Peak voltage across each switching device

RMS value of Peak voltage across each IGBT
phase
Method voltage Vrb THD S1 S2 S3 54 S5 56

PDPWM with triangle signal 966 35.61% 796 795 783 827 784 795
PODPWM with triangle signal 987 41.02 1047 916 828 892 828 916
APODPWM with triangle signal 984 41.89% 874 799 783 817 785 799
PSPWM with triangle signal 1109 40.04% 832 790 787 826 787 790
PDPWM with trapezoidal signal 992 32.63% 887 878 870 909 871 879
PODPWM with trapezoidal

signal 989 33.91% 794 792 791 804 791 792
APODPWM with trapezoidal

signal 1007 39.68% 854 804 790 804 791 804
PSPWM with trapezoidal signal 1117 35.40% 854 805 798 864 798 805
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DISCUSSION

The carier signal are formed by trapezoidal and triangle waveshape and its compared with Sinusoidal reference
signal to generate the different gate pulses for the switches. Different phase combinations for carier signal are
compared and results shown in “Table 1”. The highest RMS voltage 1117 V is obtained when PSPWM method in
trapezoidal triangle but the THD value is higher. The lowest THD value 32.63% is obtained when PDPWM method
is used in trapezoidal triangle. In all the methods across the switching device the peak value obtained is less then
1200V.
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