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1. INTRODUCTION

The main application of the multilevel inverter topology is generally electric traction and drive
locomotives of 3KV, electric boat variable speed drives, and transmission systems. The use of multilevel
converters in industrial equipment is inspired by energy benefits and has now been widely demonstrated:
energy is significantly reduced. the current harmonic distortion rate is also decreased and the power factor is
improved. Cascaded H-bridge multi-level inverters CHB utilize H-bridge cells linked in series with separate
DC voltage source attached to each of the H-bridge cells. There are two available kinds of CHB multi-level
inverters from the point of view of the value of the DC voltage sources: symmetrical and asymmetrical
topology.

Several topologies have been tested and presented with multilevel inverters which contain neutral-
point-clamped inverters [1, 2], imbricated cells, also flying capacitor inverters [2, 3], and linked cell sequence
inverters, also referred to as cascaded inverters [4]. Nevertheless, due to the nature of higher number levels,
the are some benefits to the topology that utilizes series-attached cell inverters, such as the lower level of
voltage (dU / dt) generating fewer mutual-mode voltage through machine windings [2, 5]. Also, this structure
is easy and allows it quickly extendable with his modular model for every number of the required output
voltage. Figure 1(b) shows a basic model of this configuration including k partial cells described by Figure

Journal homepage: http://ijeecs.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/
mailto:rf.abdelgoui@gmail.com

1310 O ISSN: 2502-4752

1(a). A dc-voltage source supplied the j single-phase inverter Ug (j=1 ... k). The relation among k
representing the number of inverters connected in series per phase and N describing the total of output
voltage levels provided through this configuration is defined by N = 2k + 1, if each partial inverter has
similar voltages [2].

In many of the known structures of multilevel converters [6], the total of power equipment requested
relies upon the output voltage level required [7]. Nevertheless, the rise in the converter circuit is a result of
the number of increased power semiconductors, control complexity, and costs. A uniform step asymmetrical
multilevel inverters could be employed to provide an enormous number of output levels with no rise in the
size of converters [8-10]. Making sure that the Total Harmonic Distortion is within reasonable limits of the
output voltage waveform is the main question in constructing an efficient multilevel inverter. In order to
maintain a small THD [11], selective harmonic elimination has been rigorously analyzed. A series of non-
linear transcendental equations are generated by the output voltage waveform computation utilizing Fourier
theory.

if exists an answer to these equations, it offers the necessary switching angles for some fundamental
element and the chosen harmonic profile. Iterative approaches have been used to resolve these collections of
equations, such as the Newton-Raphson method [12]. This approach relies on derivatives and can lead to
local optimum, also only a careful selection of the initial parameters assures convergence [13]. Other method
is provided in [14], which is based on transforming the transcendental equation to polynomial equations,
where the resulting method is applied to calculate the angles of switching to remove different harmonics.
However, this method seems unimportant because the level of the polynomial of the mathematical design
increase when the total of inverter levels rises. This is likely to result in numerical complexity and also a
major computational burden.

Ve | { J \\‘f ——0,
] .
Ud | r :/:‘. U, J
I ™ Ui
1 — y V_— -
: l_ Uy,
| !
|
U"'A '—I:— K& O ! l
L] ] —-a -
(@) (b)

Figure 1. (a) A series-connected topology of multilevel inverters with k partial cells,
(b) Partial structure of cells

Genetic Algorithm abbreviated by GA is a very effective algorithm that might resolve nearly all
optimization issues, imitates the natural evolution mechanism, and is mostly used to attain the optimal
solutions [10, 14]. In order to obtain the perfect local search in GA, the hybrid algorithm (GA-LS) was
created. It is a mixture of GA [15, 16] and Local Search. To evaluate the optimal switching angles, this
combination was implemented for the 9-level USAMI.

2. DESIGN OF USAMI

As possible, multilevel inverters generate many identical voltages levels to the reference signal at
the ac terminal. Us;, Us, ... Usn represent N voltage levels which composed a conventional sine exit voltage
waveform. The step of the output voltage is characterized through the difference among two successive
voltages, if this step AU among all voltage levels is identical, this inverter is called « Uniform Step multilevel
inverter » [17]. This constant step is equivalent to the lowest dc-voltage, Uai [2], in this situation. It is
possible to describe this by:

|Ug = Usgeny| =AU = Uyy ,1=2K N (1)
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The converter is known as the non-uniform phase AMI or varying AMI if this isn’t the situation. To
feed the partial cells (inverters) which compose his topology via dc voltage sources under the following
requirements:

Udl < Udz < Ud3 5 e < Udk (2)
Uy <1423 Uy

Here K is the total of partial cells in each phase. N could be concluded fromj = I...k.

U .
N=1+2%f,;% @)

This relation essentially changed the total of levels that the multilevel geometry produces. In fact,
the N value relies on the cell count per phase plus the dc voltages provided [2].

In (3) approve a variety of anserws. For example,for the three partalials inverters to achieve a output
of 13 levels, there can be two potential combinations of voltages levels Ug: €{1, 1}, Us, €{1, 2} and Ugze
{4,3} but to generate a 15-level global output , there are three possible combinations Ug1 {1, 1,1}, Ug {1,
2,3} and Ugse {5,4,3}. Figure 3 exhibit the alternative output voltages of the 9-level inverter's three partial
cells indicated Up:, Upz and Ups with k= 3. Dc-voltages of cells are given by Ug: = 1p.u., Ugz =1p.u. and Ugs
= 2p.u.lt isbetter to use the following combinations: Un € {-1, 0, 1}, Upx € {-1, 0, 1} and Upz € {-2, 0, 2}.
The outcomes is a produced 9-level output voltage : Us € {-4, -3,-2,-1,0,1,2,3,4 }.

Various commutation sequences can produce output voltage levels. There are four alternative
commutation sequences, for example Uy € {-1, 0, 1,1}, Uy € {1, 0, -1,1} and Ups € {2, 2, 2,0} leading in
Us = 2p.u .To optimize the switching process of the inverter [2], these redundant combinations can be picked.
Such distinct possibilities provided by the partial inverter output voltage and the redundancies among them in
delivering the identical output voltage level could be treated as permutations that can be used to doing
optimization of the use of USAMI. Multi-level inverter's standard output voltage waveform as shown in
Figure 2.
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Figure 2. Multi-level inverter's standard output voltage Figure 3. Each partial inverter 's possible output

waveform voltages to generate N=9 levels with k = 3 cells
per phase(Uq1 = 1p.u., Ugz = 1p.u. and Ugz =
2p.u.)

3. MODULATION CONTROL

In general, both the conventional theory of PWM control and the SVPWM (space vector PWM)
approach applied to the control of symmetrical multilevel inverter modulation [18, 19], which can be used to
control USAMI. Due to the high switching frequencies of these methods, it causes extra losses. Thus, the
low-switching frequency command techniques, for instance, selective harmonic elimination, show important
solutions [20-22].

The SHE is focused on the voltage U produced by the Fourier analysis of output of the uniform step
asymmetrical multilevel inverter as shown in Figure 2. U is symmetric in half and a quarter of a period. As a
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consequence, all the harmonic elements are null. Therefore, for the Usvoltage, the Fourier series expansion
is [23]:

U, =Y, U, sin(nwt) , with U, = 2

:7‘:1 P cos(nd,) %)

Where: U, defines largeness of the harmonic term of rank n, p represents is the total of switching angles per
quarter waveform given by p= (N - 1)/2 and 8, describes the i**switching angle [2, 22].

The number of switching angles shown in (4) is determined by maintaining the amplitude of the
fundamental term and rescinding the p-1 element. Virtually, 8,,8,,685 and 8, are necessary for deleting
harmonics with non-multiple of 3, therefore 5, 7 and 11and odd rank). In the situation of the USAMI 3-Phase
9-level formed of k = 3 partial inverters provided with Ug, Ug and Ugz which Ugi=1p.u., Ugp=1p.u and
Ugs=2p.u .we can find the switching angles by resolving the correspondent below this [2, 22, 23]:

{ P tcos(6y) = mr )

YP}tcos(nb;) = 0 forn € {5,7,11}

Which r represents the modulation rate given by r=U1/4Uq; is the. The answer of (5) should as well
meet the requirement of:

0<6,<6,<6;<6,<7/, (6)

For the method of optimization, which is chosen to measure the efficacity of removing the chosen
harmonics rank through holding the fundamental element at a predefined value, an objective function is then
required. Consequently, This objective function is represented as [22, 3]:

F(6) = F(6,46,) = (X7=* cos(8,) = r)" + Y5711 U? @)

By optimizing (7) according to the constraint (6) and, as a result, It achieves the necessary harmonic
profile. The non-linearity of (5) is the key difficulty because many iterative methods are confronted with
difficulties of convergence and other approaches are complicated like elimination utilizing resulting [10] and
Walsh function [24]. Therefore, hybrid GA with local search methods (GA-LS) is a simple approach and
worth considering.

4.  PROPOSED HYBRID ALGORITHM (GA-LS)

To solve the problem of local search in GA, A hybrid algorithm for genetic optimization has been
established. The hybrid GA is a combination of local search (LS) and the Algorithm of Genetic Optimization
[2, 15, 24]. In this research, using hybrid genetic algorithms with local search methods (GA-LS), the
MATLAB toolbox was used to decide the optimal switching angles. By using a composite function that
operates after the end of the GA, the value of the given objective function is reduced. The final point defined
by the GA is utilized as an initial point for the hybrid function. Fmincon, which is a local search tool, is
favored in this study as a hybrid function, and it is often utilized to calculate the minimum value of the
suggested cost function. The flow chart is proven in Figure 4 for the hybrid algorithm for SHE .

To find the optimal angles(9,, 6,, 85, 8,), for 9-level USAMI, this process was utilized to remove
the 5™, 7" and 11™ harmonics. The outcome is shown in Figure 5 in which one can see the existence of two
possible angle solutions for 0.70 < r < 0.76. On the other hand, no solution is approved by the system for r <
0.629, 0.64 <r < 0.7 and 0.897 < r < 0.921. With all other r values, the method seems to have the only
answer

For two potential angle solutions, it is a straightforward way to choose the one that gives the
smallest THD achieved from (8) to have a particular solution 8; . The THD that corresponds to the solutions
shown in Figure 5 is displayed in Figure 6 [25].

52 (220 cosnoy))
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Figure 4. GA-LS's flowchart for SHE
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A comparison is provided in Table 1 among the traditional GA and the hybrid algorithm (GA-LS)
suggested for the computing time and the identical THD. The developed algorithm, which clearly illustrates
the superiority of the technology implemented in terms of computational burden and performance waveform
efficiency, is both extremely quick and optimum than traditional GA.

Table 1. Comparison among traditional GA and the GA-LS algorithm proposed

Technique THD % Computational time [s]
GA 7.22 12.45
GA-LS 2.17 1.13
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5. TEST RESULTS

Simulations were performed in this section to test the GA-LS method presented in Section 4.
utilizing Matlab-Simulink. Uniform Step Asymmetrical Multilevel Inverter 9-level supplied by three voltage
sources Ugi = 1p.u., Ugz = 1p.u. and Ugs = 2p.u. (Ugr = 250V, Ug = 250V and Ugs =500V). connected to
Induction motor that follwing data: Rs =0.228Q(Stator resistance), Rr = 0.332Q(Rotor resistance), Ls
=0.0084H(Stator inductance), L,=0.0082H(Rotor inductance), Ln = 0.0078H(mutual inductance) ,P =
3(number of pole pairs), J = 20kg.m2(Rotor initia), P, = 1IMW(Rated power), K¢ = 0.008Nm.s.rad (viscous
friction cofficient).

In this experience, we use r=0.75 to generate a fundamental voltage of U; which U; =4
rUg:=3p.u(i.e.,U:=750 V) and f=50hz. As revealed in Figure 5, it can be noted that there are two possible
solutions for r=0.75 that can reduce THD (i.e.6.98%) is adopted as shown in Figure 6. Figure 7 displayed the
output voltages Up:, Uz, and Ups of each partial inverter, and U, the phase a voltage

The harmonic composition of U, is determined by the utilization of the Fast Fourier Transform
(FFT) as defined in Figure 8. This figure demonstrates that, as expected, there are no 5", 7" and 11t
harmonics in the signal. It is not necessary to eliminate the 3',6™ and 9™, etc in each phase, because the line
voltage is automatically annulled. Measure and confirm that the THD line voltage is 6.91% which is positive
compared to the expected value of 6.89% as illustrated in Figure 6.

Figure 9 indicates the phase “a “of current i, conformable to U.. Figure 10 gives the harmonic
content of the current, we should note that the harmonic tenor of U is bigger than ia. This is the consequence
of the filtration provided by the motor inductance. The new THD is 1.08%.
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Figure 7. Each partial inverter's output voltages (r=0.75)

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 3, March 2021 : 1309 - 1316



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 1315

1.5
sk
3 il
5 < MHI!HI\MIMI\I. L
E : UHINIM\I\”' L
? 1l | -0.5 HHHHH
< 5th 7th  1lth ‘ 1AL
Al by bW
0 5 10 15 20 25 0 0.5 3 1 1.5
harmonic ranks time (s)
Figure 8. Ua’s Harmonic Output Figure 9. Phase a of current that corresponds to Ua
05
e 04}
<
:: 0.3}
E
35 o2}
g
0.1f
0O 5 1.0 1.5 ' .2.0. ' 25

harmonic ranks

Figure 10. harmonic 's output of the phase a current ia

6. CONCLUSION

This paper suggests a hybrid algorithm (GA-LS) for the optimum angle of switching to remove
some harmonic order for the 9-levels USAMI. The results show that in the USAMI 9-level harmonics of 5%,
7t and 11% order are effectively removed. The proposed technique is comparable to traditional GA In view of
computing time and resulting THD, Where it shows that the algorithm might be applied effectively to
selective harmonic elimination of USAMI and both the computing-time and THD can be significantly
decreased. For any problem, that needs optimization as part of this approach, GA-LS can be used. It may
too be included in several applications for power electronics.
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