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Abstract: - Multilevel inverters include a wide range of configurations and numerous benefits. Since each level
switching angle is not neatly prepared, most conventional inverters cannot produce optimized waveforms. To
attain an adequate voltage profile, we should indeed closely review the switching angle arrangement to attain a
minimal Total Harmonic Distortion (THD). This work focuses on Cascaded H Bridge (CHB) multilevel
inverters with asymmetrical configuration operating under a low frequency (LF) scheme. This work discusses
various methods of harmonic mitigation techniques that comes under the LF scheme which includes the finest
switching angle optimizations for generating various levels. Furthermore, the effectiveness of the topologies is
investigated by minimizing lower-order harmonics and THD. THD is compared for various mitigation
techniques for seven and nine-level configurations. The proposed configurations are simulated by employing
MATLAB/Simulink. THD is calculated theoretically and evaluated by comparing it to simulated results for the
suggested inverters. Additionally, thermal simulations of the configuration are carried out in PLECS to estimate
power losses and efficiency. The suggested configurations are examined utilizing OPAL-RT (4510) test bed
and the outcomes are included.
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1 Introduction

Multilevel inverters (MLI) are rapidly gaining The beneficial effects associated with utilizing
importance in sustainable energy conversion and higher .levels invol\'/e improved efﬁciency, 1§§sened
applications in industry owing to their superior filter size, su‘t')stant‘lal power d@nsﬁy, reliability, as
output waveform to two-level inverters. The well as a wider implementation range, [7], [8].
traditional two-level inverter drawbacks like larger However, researchers encountered a few obstacles
harmonic distortion, lower efficiency, reduced while reducing component counts, such as enhanced
power quality, and so on. Considering these aspects, rated voltage of switching devices, losses in
MLIs have proved to be an effective substitute in a extensibility, minimization of number of concurrent
wide range of applications, [1], [2]. Classic MLI states, occasional demand of bidirectional switches,
configurations such as Neutral Point Clamped MLI advanced  control  methodologies,  enormous
(NPCMLI), Cascaded H-Bridge MLI (CHBMLI), prevalence of sources to accomplish the anticipated
and Flying Capacitor MLI (FCMLI) are widely level count from the existing topologies, [9], [10].
utilized in industries, [3], [4]. Conversely, Modulation techniques are the fundamental aspect
traditional MLI has restrictions including capacitor for any MLI structure, [11]. Suggesting novel
voltage imbalance in NPC and FC. Among these modulation schemes that can be implemented for
inverters, the CHB MLI necessitates minimal any type.of structure to meet specified requirements
component count than other conventional inverter can be viewed as a distinct area of research, [12]. A
topologies for creating an identical level of output. schgmath 1llpstrat10n of modulatl.on schemes is
CHB inverters are transitioning from a traditional depicted in Figure 1. MLI modulatlon schemes are
perspective to real-world applications due to commonly categorized as hlgh_frequency (HF ) or
capabilities that include high degree of modularity, low frequency (LF). A comparison of various HF

and the ability to safely link to medium voltage with schemes for hybrid ML is described, [13].
superior power quality, [5], [6].
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Fig. 1: Various Modulation Techniques

The worth of utilizing an LF scheme rather than
HF scheme are reduced switching losses, minimum
stress on switches, improved device utilization
factor, and enhanced converter efficiency. The most
popular LF schemes include selective harmonic
elimination (SHE), nearest level control (NLC), and
space vector control. If the number of levels is
greater, SVC is a reasonable technique only issue is
it does not eliminate specific harmonic. The above
problem is mitigated using the SHE method by
adjusting the switch angles mentioned, [14].

Review of SHE technique algorithms described,
[15], [16]. Minimization of harmonics utilizing the
Particle Swarm Optimization (PSO) approach for
symmetrical MLI configuration is presented, [17].
The deal of the PSO technique for an asymmetrical
configuration is put forward in[18]. Furthermore,
the PSO approach, [17], [18] is lacking in estimating
switching angles for specified modulation indices
(my) based on computational results from the
Genetic Algorithm (GA) approach, [19]. As the
level of output extends, obtaining solutions using
SHE becomes more challenging to implement.
Consequently, another straightforward approach of
SHE addresses the above issue has been executed in
[20], that is harmonic mitigation which involves
remarkable minimization of lower order harmonics
rather than entirely eradicating them.

The effectiveness of Packed U Cell (PUC)
topology using PWM methods is proposed, [21]. A
single phase seven-level inverter using an HF
scheme applicable to PV is presented, [22]. In [23],
Hybrid topology is designed, taking the merits of an
H-bridge inverter with minimum components. A
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novel topology with few component counts using
HF scheme is discussed, [24]. The Typhoon
Hardware-in-Loop (HIL) Simulator is employed to
develop and evaluate CHB-based multilevel
inverters (MLI) for nine-level generation, [25]. A
hybrid PWM technique is employed for nine-level
topology in [26]. A dual input configuration
utilizing a few components for nine-level generation
is described, [27]. T-type PUC topology using
identical sources for the creation of nine levels is
mentioned, [28].

The functioning of asymmetrical CHBMLI
topologies considering mitigation techniques is
proposed in this work. This work has the following
structure: Section 2 confronts proposed topologies
with all switching states for seven and nine levels,
respectively. Section 3 focuses on mitigation
techniques, voltage stress analysis, and calculation
of power losses. Section 4 includes simulation
results, Thermal modeling, and HIL
Implementation. Section 5 deals with comparative
PWM technique analysis and Section 6 refers to a
conclusion.

2 CHB Topology

The proposed inverter structure is designed by
cascading two H-bridges. Figure 2 depicts a basic
cascaded multilevel inverter circuit. As seen, it
involves the use of eight switches and two isolated
sources. Using the same topology, seven and nine
levels are created based on the selection of DC
voltage sources. When two input sources are in
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binary proportion, the inverter operates in a seven-
level configuration. If the DC sources have a trinary
ratio, the inverter will operate in a nine-level
configuration. The operating modes of seven and
nine levels are explained as follows. The green and
red colors in Figure 3 and Figure 4 point to a
conductivity and non-conductivity path respectively.
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Fig. 2: Basic Topology

2.1 Seven-Level Topology

Figure 2 depicts the structure of design with source
voltages in binary ratio. Table 1 shows the
switching modes of this topology,0 indicates the off
position and 1 indicates the on position of the switch
respectively. The switching modes of positive, and
negative modes of operation are shown in Figure 3.
The operating modes are explained as follows.

+3V4: To get a positive output voltage of +3Vic,
Si1a, S2a, S1p and Szp conducts to connect the load to
the source depicted in Figure 3(a). In the same
fashion -3V is produced by the conduction of Sz,
Ssa, Sap, and Sap respectively as illustrated in Figure

3(9).

+2V4: To obtain an output voltage of +2Vgc, Sia,
Sza, S1b and Sop conducts shown in Figure 3(b). For
getting -2Vqc as output voltage Sia, Ssa, S3p and Sap
conducts shown in Figure 3(e).
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+1Vy: For +1Vy operating mode Sia, Sza, S1v and
Sap conducts and voltage occurs across the load as
shown in Figure 3(c). For -1V4c operating mode Sza,
Ssa, Sob, and Sap conducts and voltage occurs across
the load as illustrated in Figure 3(d).

2.2 Nine-Level Topology

As previously stated, it utilizes eight devices and
two sources in a trinary fraction. Like Table 1 it
follows the same logic mentioned in Table 2. The
operating modes (£4Vy, 3V, +2Vae, and +1Vqc)
are described below:

+4Vy: During the creation of +4Vy as output
voltage switches Sia, S2a, S, and Sz form the
conduction path, resulting in the display of input
voltage across the load shown in Figure 4 (a). In the
same direction that Sgza, Ssa, Ssp and Sa create
conduction path input voltage across the load to
deliver -4V as output voltage, as shown in Figure 4

(h).

+3V4: The operation described earlier for the +2Vgc
mode, shown in Figure 3(b) and (e), is reinforced in
this case, i.e., for £3Vy: the conduction path during
the positive and negative depicted in Figure 4(b) and
(g) respectively.

+2V4: The conduction path is created by Sza, Ssa, S1b
and Sy for the generation of +2Vy. as the voltage
across the load shown in Figure 4(c). Sia, Sza, Sab,
and Ss establish a conduction path to yield -2Vqc as
the voltage across a load illustrated in Figure 4(f).

+1Vic: Sia, S2a, S1b and Sap form the conduction path
shown in Figure 4(d) to produce +1V as the output
voltage. Sza, Ssa, Sob, and Sap conduct and create the
path of current flow from source to load and -1Vgc
across load as shown in Figure 4(e).

Volume 19, 2024



WSEAS TRANSACTIONS on POWER SYSTEMS
DOI: 10.37394/232016.2024.19.17 Lakshmi Prasanna, T. R. Jyothsna

Sy, Ss

Vi

o |+

Sa, Sy

(e). Vo=-Vaz . Vo=-(Voai+Ve2)
Fig. 3: Operating modes of seven-level Topology

Table 1. Switching modes of Seven-level Topology
Switching action Celll O/P Voltage Switching action Cell2 O/P Voltage Total O/P Voltage

Sita Sza Sz Sa Vo1 Sib Sap Ssp  Sap Vo2 Vo

1 1 0 0 +1Vdc 1 1 0 0 +2Vdc +3Vac
1 0 1 0 0 1 1 0 0 +2Vdc +2Vdc
1 1 0 0 +1Vqc 1 0 1 0 0 +1Vc
0 0 0 0 0 0 0 0 0 0 0

0 0 1 1 -1Vdc 0 1 0 1 0 -1Vdc
0 1 0 1 0 0 0 1 1 -2Vide -2Vdc
0 0 1 1 -1Vdc 0 0 1 1 -2Vdc -3Vdc
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Table 2. Switching modes of Nine-level Topology

Switching action Cell1 O/P Voltage Switching action Cell2 O/P Voltage

Sta S2a Ssa Saa Vo1 Sib Sap Ssv  Sa Vo2
1 1 0 0 +1Vdc 1 1 0 0 +3Vdc
1 0 1 0 0 1 1 0 0 +3Vdc
0 0 1 1 -1Vde 1 1 0 0 +3Vdc
1 1 0 0 +1Vic 1 0 1 0 0
0 0 0 0 0 0 0 0 0 0
0 0 1 1 -1Vde 0 1 0 1 0
1 1 0 0 +1Vdc 0 0 1 1 -3Vde
0 1 0 1 0 0 0 1 1 -3Vde
0 0 1 1 -1Vdc 0 0 1 1 -3Vdc

Total O/P Voltage
Vo
+4V4c
+3Vc
+2Vdc
+1Vdc
0
-1Vdc
-2Vdc
-3Vide
-4Vdc
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3 Analysis of Mitigation Techniques,
Voltage Stress, and Power Losses

3.1 Mitigation Techniques

The switching angles considered for a quarter wave
symmetry are shown in Figure 4. There are 2(m-1)
switching angles expressed in the figure m-level (m
is an odd digit) output voltage waveform. As seen
in Figure 5, switching angles are divided into four
quadrants. The first quadrant (range from 0 to m/2)
switching angles are called main switching angles.
By using main switching angles remaining quadrant
angles are calculated easily.

E)
=

Levels

d

3 /4 il ot

(1)’

Fig. 5 Multi-level inverter output voltage waveform

In the First quadrant interval (0 - n/2), the main
switching angles are denoted as

Oy Ay yevneees A 112

6]
In the second Quadrant interval (7/2 - w), the
switching angles are represented as
Amiyr =T = Cpgyaseees Cmoyy == )

In the third quadrant interval (m- 37n/2), the
switching angles are indicated as

Oy =T+ ey Ay =T+

3)

In the fourth quadrant interval (3w/2 -2m), the
switching angles are indicated as

Aiamnyn = 27[_a(m—l)/2"""a2(m—1) =2r-q

“4)

By using the above analysis of switching angles,
based on the mitigation technique switching angle is
modified. The conventional methods are explained
as follows.
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Equal Phase Method (EPM): The formula (5) is
capable of being utilized to create an assessment of
switching angles in this method. The switching
angles are equally distributed, with an average
spectrum of (0 - m/2). The number m denotes the
generated number of levels.
a, =i «180
(5)
where i=1, 2, ....... , (m-1)/2
Half Equal Phase Method (HEPM): Since the
result is too narrow as well as the resulting
waveform appears as a triangle in EPM, the HEPM
approach has been created to obtain a larger and
more effective output from the MLIs. The switching
angles in the (0 - ©/2) spectrum are calculated using
the formula as follows:
oy 180

Q;
(m+1)

(6)

Half Height Method (HHM): Even though the first
two methods can smoothly arrange the main
switching angles, the output waveform does not
look like a sinusoidal. By using this method, the
switching angles in the first quadrant are estimated
depending on the sine function. The theory is that
when the sine function value raises to half the
altitude of the level, the switching angle is
positioned, leading to an improved output
waveform. The following formula specifies the
main switching angles.

o, =sin”' (—2i — 1]

Feed Forward Method (FFM): Unlike the rest of
the approaches, it was designed to minimize the
difference between the two half cycles of output, as
represented by equation (8)

1. ,(2i-1
o, =—sin | —
2 m-—1

As a result, the main switching angles are
effectively obtained for the ‘m’ number of levels by
using four Equations (5-8). For seven-level
topology, the three main switching angles are
calculated based on the four methods and depicted
in Table 3. In the same fashion for nine-level
topology four switching angles are generated and
represented in Table 4 based on the four methods.

®)
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Table 3. Switching angles of Seven-level Topology
Main switching angles (Degrees)

Methods
o1 02 03
EPM 25.71 51.43 77.14
HEPM 22.50 45.00 67.5
HHM 9.60 30.00 56.44
FFM 4.80 15.00 28.22

By using main switching angles Total Harmonic
Distortion (THD) is expressed as equation (9)

Table 5 displays the calculated THD values for
seven-level and nine-level topology. Table 5 shows
that when compared to EPM, the HEPM has a lower
%THD irrespective of the level of configuration.
The FFM has a lower %THD compared to the EPM
and HPEM. HHM yields superior results for both
configurations while all methods are acknowledged.

Table 4. Switching angles of Nine-level Topology

Methods Main switching angles (Degrees)

01 02 03 04
EPM 20 40 60 80
HEPM 18 36 54 72
HHM 7.18 22.02 38.68 61.04
FFM 3.59 11.01 19.34 30.52

3.2 Voltage Stress Analysis

The maximum voltage stress of complementary
switches has identical magnitudes for the presented
design. Equations (10) and (11) show the maximum
voltage stress of the switches for the seven-level

topology.

Vsla :VSZa :Vs3a :Vs4a = 1Vdc (10)
Vslb :Vszb :Vs3b :Vs4b = 2Vdc (11)
TSV =4%(V,,, +V,,,) =12V, 12)
Table 5. Calculated % THD of seven-level and nine-
level topology
o THD (%)
Mitigation Seven-level Nine-level
method
Topology Topology
EPM 31.35 259
HEPM 25.8 22.32
HHM 12.5 9.4
FFM 22.5 21.57
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where Vsn stands for the peak voltage appearance of
the switch during the turn-off process. For this
structure, the total standing voltage (TSV) is
denoted as equation (12). The TSV (p.u.) is the
proportion of the combined value of the blocking
voltages of switches with the peak voltage that
appears across the load. In this instance for a seven-
level configuration TSV (p.u.) is 4. Considering the
same approach for nine-level configuration voltage
stress and TSV (p.u) are estimated.

For seven-level configuration blocking voltage
of switches is represented as a bar chart in Figure
6(a). From Figure 6(a), for +3Vg mode, the
switches Sia, Sza, Sip, and Ssp switches create a
conduction path and the remaining switches are
non-conductive elements. Therefore, the blocking
voltage of switches Ssa, and Ssa is +1Vqc, and Sap,
and Sa switches +2Vqc respectively. In the same
manner for other modes of operation are illustrated
in Figure 6(a). Identically for nine-level topology
blocking voltage of switches considering all the
operating modes is depicted in Figure 6(b).

3.3 Power Losses

Switching and conduction losses are different types
of power losses experienced by switching devices.
Conduction losses are brought on by on-state
resistance while switching losses are a result of
delays in the switch's on/off processes. It is possible
to express the switching loss during the turn-on
process as

. ton .
Pswlturnon (l) = fcarrier fo v(t)l(t)dt =
ton Vsw i i i
fearrier fo <( stO::f‘l (ton — t)) (% t)) dt

o

* (13)

1 .
= gfcarrier swoff,i * lon,i * ton

) to )
Pswlturnoff(l) = fearrier fo 1 v()it)dt =
to Vsworrf,i loff.i
fearrier fo 1 <<—ff t) <% (toff - t))) dt

toss
1 .
= gfcarrier *Vsworffi * Loffi * Loff (14)
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Where Pswiturnon(i), Pswiunoti(i) and Vsworr denotes the
ith switch's turn on, turn off loss, and off-state
switching voltage, respectively. Currents during the
switch's on- and off-states, respectively, are called
lon and lor. Total switching losses (Psw) are
calculated by summing turn-on and turn-off losses.

Pas(Total) = S5 (25289 Poyion (1) +

Norr(i) ..
ijif Pswloff(l])) (15)
Where Nsy 1s the total number of switches of the
proposed MLI.

Conduction losses appear in a switch during the
conduction period due to on-state resistance and
voltage drop across the switch. The generalized
equation for conduction losses of the diode and
switch is as follows

(16)

— P 2
PDcon - VDon * lDavg + RDon *1prms

. .2
PSWCOTL ‘/SWOTL * lswavg + RSWOTl * lswrms(17)
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Where Ppcon and Psweon are diode and switch
conduction losses, Vpon and Vswon are on-state
voltage drops of diode and switch respectively. Rpon
and Rswon are on-state resistances of the diode and
switch, ipavg, Iswavg, Ipms, and iswrms are average and
RMS currents of the switch respectively.

4 Results and Discussions

4.1 Simulation Results

MATLAB/Simulink platform is utilized for
simulating the execution of seven-level and nine-
level operations respectively. The source voltages
for the seven-level and nine-level are categorized as
(100V,200V), (100V,300V), and load parameters
are 100Q2 and100mH respectively. The operating
frequency of the proposed inverter is fundamental
frequency i.e., S0Hz. Blue and red color represent
load voltage and current respectively.

Figure 7 shows the performance of the inverter
for R-load. The output current appears to be in
proportion to the output voltage irrespective of the
mitigation technique. Figure 8 shows the
performance of the inverter under different loading
conditions for seven-level operation. According to
Figure 8, it indicates that output voltage remains
constant irrespective of load scenarios, however
current is null during unloading, implying voltage
for Resistive loads and delays for inductive loads.

Figure 9 represents the waveforms of voltage
and current with respect to various RL-
Loads. Figure 9 shows that as inductance increases,
the current falls due to high inductive load leads
more lagging of current. In contrast to other
methods, the HHM current waveform is more
sinusoidal. Figure 10 depicts three waveforms, the
first waveform (purple color) is the voltage across
bridgel, the second waveform (brown color) is the
voltage across bridge2 and the third waveform (blue
color) is the total output voltage waveform
respectively. Figure 11 shows the THD of a seven-
level inverter for various mitigation methods. The
THD shown for seven-level HHM is 12.13% which
is less compared to other methods. It shows the
minimization of THD by using this method.
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Fig. 11: Output voltage %THD (Seven-Level Topology)

Likewise, for nine-level topology various
loading conditions are considered for validating the
inverter output performance. Figure 12 shows the
performance of the inverter under resistive loading
conditions. From Figure 12, the current follows the
output voltage. Figure 13 shows the operation of the
inverter under various loading conditions. From
Figure 13, it seems that there is no variation of
output voltage whatever the circumstances, only
current effects based on loading. if there is no load
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current does not flow, if it is resistive current
follows voltage, if it is the sum of resistive and
inductive then the current becomes lagging
concerning voltage.

Figure 14 illustrates the operating condition of
the inverter under different inductive loading
conditions. From the observation of Figure 14,
current reduces as load increases and becomes
lagging in nature. In Figure 15 it represents three
waveforms, first and second waveforms are the
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voltage across bridgeland bridge2 and the third
waveform is the total output voltage waveform
respectively. The %THD of the nine-level topology
is shown in Figure 16. It shows that 9.22% of THD
for HHM is minimum than other methods.

Figure 17 portrays the switching patterns of the
seven-level and nine-level topology for HHM
respectively. Blue and red color indicates switching
patterns of bridgel and bridge2 respectively. Figure
18 illustrates a comparison of THD (%) for all the
methods considering both topologies. It seems that
whatever the topology HHM is superior compared
to other methods. Following the simulation
outcome, the suggested inverter works for all
conditions of load.

(c). HHM

Lakshmi Prasanna, T. R. Jyothsna

4.2 Thermal Modelling

PLECS software serves to thermally model the
power semiconductor devices of the suggested
configuration. Figure 19(a) and (b) indicate the
percentage of losses for semiconductor devices for
seven-level operation at loading conditions of 1002
and 100Q +100mH respectively. The efficiency is
computed through simply R loads and displayed in
favor of the output power (0-5000W). Similarly,
Figure 20(a) and (b) indicate the percentage of
losses for nine-level operations under the previously
specified loading conditions. As shown in Figure
21, the effectiveness spans 98.2% to 97.0%. The
efficiency declines as the load grows. When load
rises, conduction losses grow, which causes
temperatures to rise, causing a decline in efficiency.

(d).FFM

Fig. 12: Output Voltage and Current for R-Load (Nine-level topology)

(©.HHM

T (d).FFM

Fig. 13: Output Voltage and Current for various Loading conditions (Nine-level topology)
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Fig. 14: Output Voltage and Current for various RL-Loads (Nine-level topology)
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4.3 HIL Implementation

Real-time simulator plays a crucial role in designing
and validating system effectiveness and accuracy
since models built in real-time operate at an
identical pace as real systems in existence. The
OPAL-RT simulator links with the Sim Power
System in MATLAB/Simulink employing the RT-
LAB software. The OPAL-RT RT-LAB and
eFPGAsim real-time platforms, along with
advanced Intel processors and FPGA chips, are all
bundled in the OP4510. This multi-rate FPGA-
based architecture facilitates users to model power
converters for HIL applications with a few time
steps of less than 7 ps for INTEL CPU-based
sections with a duration of fewer nanoseconds on
the FPGA chip. Following that, an advanced PWM
controller can regulate real hardware for Quick
Control Modelling (QCM) services concerning
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timing improvement superior to 20 nanoseconds.
The OP4510 can additionally serve as an
independent semiconductor device test system with
established models. All the methods related to
seven-level and nine-level configurations are
executed through OP4510 and are presented in this
section.

The real time simulated results of seven-level
operation correspond to four mitigation methods are
illustrated in Figure 22, Figure 23, Figure 24 and
Figure 25 respectively. The observation of the real
time results shows that the HHM results of Figure
24 shows a better stepped waveform concerning
other waveforms indicated in Figure 22, Figure 23
and Figure 25 respectively. For HHM both for R-
Load and RL-Load the waveforms are presented.
Therefore, from the real-time results HHM
represents optimized results. The switching pulses
of seven-level for HHM are depicted in Figure 26.
Likewise, nine-level real-time results are indicated
in Figure 27, Figure 28, Figure 29 and Figure 30
respectively. The switching pulses are shown in
Figure 31. For the nine-level also HHM results are
indicated as best results in contrast to other
methods.
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(b). Voltage appears aros individual bridges
Fig. 22: EPM method results (Seven-level)

' (c). Voltage appars across individual bridges

Fig. 24: HHM Results (Seven-level)

' (b). Voltage apars aoss individual bridges

Fig. 23: HEPM method results (Seven-level)
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(b). Voltage appears across individual bridges
Fig. 25: FFM Results (Seven-level)

(). SSb-4b)

Fig. 26: Switching pulses of HHM(Seven-level)

(b) (S3a-s4a)

(b). Voltage appeas across individual bridges
Fig. 27: EPM Results (Nine-level)
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. (c). Voltage appars across individual bridges

Fig. 29: HHM Results (Nine-level)

(b). Voltage appears across individual bridges

Fig. 28: HEPM Results (Nine-level)

(b). Voltage appears across individual bridges

Fig. 30: FFM Results (Nine-level)
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Fig. 31: Switching pulses of HHM(Nine-level)

5 Comparison

Figure 32(a) represents the %THD of various
modulation techniques simulated for asymmetrical
seven-level topology. In Figure 32 PD (Phase
Disposition), POD (Phase Opposition Disposition),
APOD  (Alternate  Phase  Opposition and
Disposition) and VF (Variable Frequency) are
methods that come under High frequency (HF)
modulation scheme respectively. The remaining
methods like NLC (Nearest Level Control), SHE
(Selective Harmonic Elimination), and HHM (Half
Height Method) are Low-frequency modulation
schemes respectively. In contrast to the HF scheme
LF scheme gives a better %THD but based on the
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application respective control scheme is utilized for
respective configurations.

“%THD SEVEN-LEVEI

1944 1958 1907

FOD AMD VB NLA SHE HHM

(a). Seven-level Topology

"o THD NINE LEVEI
16 1464 1457 |42

[

PD  POD APOD  VE NIL( SHE HHM

(b). Nine-level Topology
Fig. 32: %THD of various control schemes

Table 6.Calculated %THD of seven-level and nine-

level topology
Switches Count %Reduction
Level Of - - .
Operation Symmetrical Asymmetrical ~ of Switches
P Configuration  Configuration Count
Seven-level 12 8 33.33
Nine-level 16 8 50

In LF schemes comparison to other methods
%THD is the minimum for the HHM scheme. The
method of implementation of HHM is easily
computed in a simulation environment. In the same
fashion, Figure 32(b) represents %THD of distinct
schemes for asymmetrical nine-level configuration.
For this case also HHM method also gives the best
results concerning %THD consideration. Table 6
indicates a reduction of the switch count of the

asymmetric configuration in contrast to the
symmetrical configuration. For instance, the
switches count for seven-level operation

corresponds to symmetric and asymmetric are 12
and 8 respectively. Therefore % reduction of switch
count is 33.3% in comparison to symmetric
configuration. As mentioned in Table 6, for nine-
level operation reduction of switch count is 50%. As
the level of operation rises asymmetrical
configuration requires minimum switches, therefore
cost factor reduces for asymmetrical configuration.
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6 Conclusion

In this work mitigation techniques are implemented
for seven and nine-level of the asymmetric CHB
topology. The mathematical equations utilized by all
the methods are presented. In comparison to other
harmonic mitigation methods, the real-time as well
as simulation results indicate that the HHM offers
the lowest THD. Furthermore, the HHM achieves
superior RMS output voltage and current with
precise maximum output voltage and current results.
The suggested structure leads to a smaller
size, minimum component losses, along with lower
costs for installation. By using PLECS software
total losses are measured. In addition, the suggested
configuration has reduced conduction and switching
losses for accomplishing unique criteria in terms of
cost factor and effectiveness.  Generally,
photovoltaic panels through appropriate control
methods are capable of being incorporated with the
proposed topology for showing execution of the grid
either in on or off issues via an effective layout.
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