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Abstract: This paper presents a unique voltage-raising topology for a single-
phase seven-level inverter with triple output voltage gain using single input
source and two switched capacitors. The output voltage has been boosted up to
three times the value of input voltage by configuring the switched capacitors in
series and parallel combinations which eliminates the use of additional step-up
converters and transformers. The selective harmonic elimination (SHE) approach
is used to remove the lower-order harmonics. The optimal switching angles for
SHE is determined using the genetic algorithm. These switching angles are com-
bined with a level-shifted pulse width modulation (PWM) technique for pulse
generation, resulting in reduced total harmonic distortion (THD). A detailed com-
parison has been made against other relevant seven-level inverter topologies in
terms of the number of switches, drivers, diodes, capacitors, and boosting facil-
ities to emphasize the benefits of the proposed model. The proposed topology
is simulated using MATLAB/SIMULINK and an experimental prototype has been
developed to validate the results. The Digital Signal Processing (DSP)
TMS320F2812 board is used to generate the switching pulses for the proposed
technique and the experimental results concur with the simulated model outputs.

Keywords: Genetic algorithm; multilevel inverter; pulse width modulation;
selective harmonic elimination; switched capacitor

1 Introduction

Multilevel Inverter (MLI) is a popular choice across industry and academia because they are well suited
for medium and high-power energy conversion. MLIs produce better staircase waveform compared to two-
level inverters and also possess additional benefits namely; reduction in switching losses, voltage stress (dv/
dt), total harmonic distortion, and filter size which leads to wide utilization in industrial applications [1].
Most familiar conventional MLI topologies are (i) Flying Capacitor MLI (FCMLI) [2], (ii) Neutral Point
Diode Clamped MLI (NPDCMLI) [3] and (iii) Cascaded H-Bridge MLI (CHBMLI) [4]. As far as
NPDCMLI is concerned more numbers of switching devices are required as well as the capacitor voltage
sharing is unequal, resulting in increased voltage stress across the switches [5]. In the case of FCMLI,
more complex control is required because it contains more flying capacitors, which increases both the
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system’s size and overall cost [6]. In the case of CHBMLI, more than one h-bridge and isolated DC sources
are required to increase the output voltage levels [7-9]. CHBMLI is further classified as symmetric MLI and
asymmetric MLI. Asymmetric MLI generates more output voltage levels than symmetric MLI [10,11].
Voltage boosting is essential in MLI when used in solar and electric vehicle applications. CHBMLI
utilizes transformers to boost the output voltage gain, resulting in an oversized and bulkier system
[12,13]. Transformer-less circuit designs were proposed as a solution to this problem by [14,15].
Although the use of a front-end DC-DC converter and energy buffer circuit eliminates the need for a
transformer, the control complexity appears to be high in [14,15].

Packed U-Cell (PUC) is another evolving switched-capacitor (SC) based single input MLI topology,
which is discussed in [16,17]. Despite the ability to generate the required number of output levels, the
system lags in the output voltage boosting facility [16,17]. Similar to PUC, the topology with reduced
device is proposed in [18]. It requires only seven switches and two diodes to produces the seven levels.
Although it just requires a few devices, it falls short in terms of voltage boosting and requires three
capacitors. In comparison to [18], the paper [19] exhibits improvements as it only requires eight switches
and two capacitors to generate seven levels with 1.5 times the boosting factor. Using the level shifted
PWM technique, the seven levels were generated with only eight switches and two capacitors [20].

Several seven-level (7L) topologies based on the three times boosting gain are presented in the following
literature. In the proposed model [21], 16 switches with two capacitors are used to produce seven levels
across the load. Similarly, with only 12 switches, the topology could generate seven levels of output
voltage [22,23]. In comparison to [22,23], the structure only requires 11 switches to reach the required
seven levels of output voltage [24]. A 7L inverter with sixteen switches and two capacitors are discussed
in this study [25]. Despite the fact that this topology is capable of producing seven levels of output
voltage, it necessitates the inclusion of additional switching devices. As a result, the system’s overall cost
shoots up. In [26], a multipurpose inverter topology has been proposed for standalone applications.
Despite the fact that it can attain seven levels of output voltage, this design still necessitates 13 switches
and three battery sources. The following are the benefits of the proposed inverter as stated in this paper:

i) A single isolated DC source is sufficient for the proposed 7L inverter.
ii) Only 11 switches and two capacitors are required.
iii) Output voltage gain is boosted to thrice the value of input voltage (1:3) without using any

additional inductor or transformer.
iv) Sensorless control for voltage balancing across the capacitors is achieved.
v) To minimize power loss across the switches, high-power switches are designed to operate at the
fundamental frequency.
The functions of the suggested inverter are discussed in the following sections.
In Section 2, an overview of the topology and its operating modes are described.
In Section 3, the switching strategy and harmonic reduction techniques are discussed.
In Section 4, the power loss calculation has been discussed.
In Section 5, a detailed comparison has been made with various relevant topologies.

In Section 6, simulation and hardware results are described and concluded in Section 7.

2 Proposed Topology

The proposed single-phase 7L switched-capacitor based topology has been represented in Fig. 1. The
proposed circuit consists of nine unidirectional and one bidirectional power semiconductor switch (a total
of 11 switches). The various operating states of the suggested topology have been illustrated through the
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equivalent circuits as shown in Fig. 2. It is essential to specify that the switches ST,; and ST,; are
complementary with the switch ST,, during the entire operating mode. Similarly, STy; and STy; are
working inverse to the switch STy,. These complimentary switching states ensure that the switched
capacitors are charged without any interruption. This charged energy is later used to elevate the load
voltage gain up to thrice that of the input value. Switching pairs of (ST.;; ST.,) and (STq;1; ST4p) cannot
be activated simultaneously, as this results in a short of input DC voltage source (Vpc). The seven
different load voltage levels of 0, £Vpc, £2Vpc, and, £3Vpc are achieved through the various switching
states as shown in Tab. 1. It is a significant constraint that during the peak level of £3Vpc, the negative
voltage of the input source is blocked at node t and bypassed to node r using bidirectional switch STy;.

(o

Figure 1: Proposed topology of 7 L inverter

2.1 Modeling of the Proposed Circuit

The various modes of operation can be evaluated through the derived switching model as follows. Let
the dynamic function of the switches during (k = 1, 2) are ST, STp; STe and STy, respectively. The
dynamic functions of the various modes can be obtained through the following equations,

ST = {01” i;gg%’gﬁ% while k = 1,2, (1)
STy, = {01 i;gg% "g?g’ while k= 1,2, 2)
ST, = 017’ ififszi%lé?g’ while k= 1,2, 3)
STy = {01 1flfsg,% ’f)gg’ while k = 1,2, )

The load voltage can be calculated as follows:

Viy = (—1) T (STaxSTy3 1)) (Vsq + Ve + Vi) while k = 1,2, 5)
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where the nodes are labeled as p, q, 1, s, t, u, X, and y in Fig. 1 are expressed based on the switching function

values.
Vg = (1- STal)Vps
Vs = Ver
Vi = (1 _STbl)Vru
Vru - VCZ
Vqt = Vpc

(6)
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Figure 2: Various operating modes of the suggested 7 L switched-capacitor inverter

Substituting Eq. (6) in Eq. (5) returns,

Viy = Vou = Vi = (=1)(STex * STuis10)[(1 = STa1)Ver + Ve + (1 — STp1) Ve (7)

When k =1 and k = 2, the output load voltage (V,,;) is proportional to the positive and negative cycles,

respectively in Eq. (7).
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Table 1: Various modes and their switching states pertaining to the suggested 7 level inverter

Mode Switching state Capacitor state Voltage level
M ST,1 ST., ST.z STy STy STy ST, ST, STg1 STe C C, Vyy

0 1 0 1 1 0 1 1 0 1 0 C C 0

1 1 0 1 1 0 1 1 0 0 1 C C +Vpce
2 0 1 0 1 0 1 1 0 0 1 D C +2Vpc
3 1 0 1 0 1 0 1 0 0 1 C D +2Vpc
4 0 1 0 0 1 0 1 0 0 1 D D +3Vpc
5 1 0 1 1 0 1 0 1 0 1 C C 0

6 1 0 1 1 0 1 0 1 1 0 C C —Vpc
7 0 1 0 1 0 1 0 1 1 0 D C —2Vpce
8 1 0 1 0 1 0 0 1 1 0 C D —2Vpce
9 0 1 0 0 1 0 0 1 1 0 D D -3Vpce

2.2 Operating Principle
The various switching states and operating modes of the 7L inverter are depicted in Tab. 1 and in Fig. 2.
The charging (C) and discharging (D) states of the capacitors are represented in Tab. 1.

Mode 0 (Vyue = 0): In this zeroth level, as shown in Fig. 2A, the switches ST,;, STa3, STp1, STz, STe;
and STy, are turned on and delivers zero voltage across the load. During this mode, the two capacitors C; and
C, are in charging states. With k = 1, the Eq. (7) can be written as,

Vi = (=DX(0)[(1 = 1)Ver + Vpe + (1= 1)Ve] =0 (®)

Mode 1 (Vou: = +Vpe): In this first level, as shown in Fig. 2B, the output voltage of (+Vpc) has been
generated across the load by triggering the switches ST,;, STa3, STp1, STz, STy and STy,. In this mode, the
input DC source charges the capacitors voltage to Vpc.

Viy = (=1D*(1)[(1 = 1)Vey + Vpe + (1 = 1)Vea] = Ve ©

Mode 2 (Vout = +2Vpe): The source voltage Vpc and the discharging capacitor voltage V¢ were
combined to create the second level, as shown in Fig. 2C. Furthermore, by actuating the switches ST,,,
STy1, STyz, ST, and STy,, the capacitor C, has been kept in a charging mode.

Viy = 1(1)[(1 = 0)Vei + Vpe + 0] = 2Vpc (10)

Mode 3 (Vou = +2Vpce): This state has been redundant to Mode 2 as it generates (+ 2Vpc) voltage level
by triggering the switches ST,;, ST,3, STy, ST.; and STy, Capacitor C, discharges with Vpc and C; remains
charged, as seen in Fig. 2D.

Viy = 1(1)[0+ Vpc + (1 = 0)Vea] = 2Vpe (1)

Mode 4 (Vour = +3Vpce): In the third level, maximum boosted voltage level of (+3Vpc) is obtained by
connecting all the capacitors in series with the input source. In this mode, only four switches (ST,,, STy,
ST.; and STg,) are engaged, as shown in Fig. 2E.
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Vyy = 1(1)[(1 = 0)Ve1 + Vpe + (1 — 0)Vea] = 3Vpe (12)

The switching states in mode 5 are similar to mode 0, with the exception that the ST, and ST4; switches
are triggered instead of the ST,; and STy, switches. The switching devices in modes 6, 7, 8 and 9 are similar
to those in modes 1, 2, 3 and 4 except that instead of ST,; and STy,, the switches ST, and STy, are triggered.

3 Pulse Generation Strategy

The PWM strategies are employed to enhance the load voltage waveform in terms of distortion factor,
lower-order harmonics, and total harmonic distortion (THD). PWM techniques are also categorized into three
types based on their switching frequency: High, low, and hybrid switching frequency techniques
(combination of low and high-frequency switching techniques). Some forms of high-switching frequency
modulation techniques include the space vector PWM technique, carrier-based pulse width modulation
technique as well as reference-based PWM technique. Low-frequency modulation technique includes
fundamental frequency modulation, selective harmonic elimination PWM (SHEPWM) technique, and
active harmonic elimination technique. CBPWM is classified into two types, level-shifted-carrier based
PWM (LS-CBPWM) and phase-shifted-carrier based PWM (PS-CBPWM).

As illustrated in Fig. 3, the suggested inverter uses a PWM technique that combines the benefits of LS-
CBPWM and SHEPWM to reduce harmonic content. In Fig. 3, the LS-CBPWM technique is demonstrated
by comparing a reference sinusoidal waveform (V,.r) with six equal-magnitude level-shifted carrier signals
(V¢p). The carrier signal has a higher switching frequency to eliminate the lower order harmonics. Despite the
fact that the LS-CBPWM can reduce THD, the harmonic profile is dominated by 3™ and 5™ order harmonics.
The Selective Harmonic Elimination technique is used to substantially eliminate the 3™ and 5™ order
harmonics in the output voltage. The GA optimization algorithm can be used to solve the SHEPWM’s
nonlinear transcendental equations in order to generate the optimal switching angle [26]. The suggested
seven level inverter’s switching angles of (o, a,, a3) are generated by solving Eq. (18) with the

. T . . . . .
constraint that oy must be less than > The resulting switching angles are combined with the LS-

CSPWM approach to generate the required gate pulses for the 7L inverter, as shown in Fig. 5.

! MMV

A A A

AAAN
YAYATATA

\
A

Figure 3: Pulse generation strategy for the proposed 7 L inverter
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The multilevel output voltage waveform can be represented mathematically in a Fourier series, as
given by,

47, 00 .
Vout(w) = n—:znzl 55 Loos(nay) + cos(non) + . . + cos(nay)]sin(nowt) (13)
The peak voltage of each n™ harmonic component is provided by,
4V 4
Vi = ——[cos(noy ) + cos(noy) + . . 4 cos(noy)], n = odd (14)
nm

Eq. (14) can be used to compute the fundamental (V) peak voltage as well as the 3™ and 5™ order
values.

n=1: V= %[cos(oq) + cos(az) + cos(o3)]
3. 0 (15)
n=3: 0=/cos(301) + cos(3ap) + cos(303)]
n=>5: 0=][cos(50) + cos(502) + cos(503)]

Considering N switched sources, SHEPWM can minimize harmonics up to 2N-1. The inverter’s
modulation index can be calculated by,

77.7V1

M=———6.+— 0<M<1 16

AN * VdC" - - ( )

The modulation index with respect to number of levels can be derived as,
NLevel -1

1
M= gzi=1,z.2.. cos(w;), 0<M<I (17)
WhereO<a1<a2<---<aN<E

2
GA’s main purpose is to reduce the harmonic value to the smallest possible value, and the firing angles

are also chosen by a genetic algorithm. The fitness function is represented as,

) : Vi —nm 4 INpever—1 1 v\ 2
Fitness function = (100 ]Tl*> + Zn:;; o <507’:) (18)

where V* is the required peak of the fundamental component and it can be determined by the modulation
index. The switching angles for various modulation index values are shown in Fig. 4a. Furthermore, the
optimum switching angle is reached when the modulation index value is 0.8. The 3" and 5" order
harmonic percentages for various modulation index values are shown in Fig. 4b. Among the available
modulation indexes, Fig. 4b displays the region with the least THD. As illustrated in Fig. 5, the capacitor
voltage is stabilized by employing the voltage balancing algorithm technique between the C; and
C, capacitors. The two C; and C, switched capacitors are charged to the DC source voltage level. Tab. 1
exhibits the charging and discharging of the proposed inverter. Furthermore, C; and C, capacitors are
kept at charging mode during the 0 and £Vpc voltage levels and discharged during the £3Vpc voltage
level. Furthermore, the C; and C, capacitors are charged during the 0 and +Vpc voltage levels, and
discharged during the +2Vpc and £3Vpc voltage levels.
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Figure 4: GA optimization results in terms of modulation index vs. (a) switching angle selection and (b)

harmonic values
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Figure 5: Self-balancing capacitor voltage algorithm with Genetic Algorithm

4 Power Loss Calculation
4.1 Conduction Losses (P.)

The conduction loss (P.;) appears during the on-state of the power semiconductor switches, and mainly
due to its internal resistance R;,. The (P) can be calculated by
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10
Py =Y Rull, (19)
j=0

where I, is the magnitude of the output current flows through the j™ power switch.

4.2 Switching Losses (P,

The switching loss is caused by the overlap of current and voltage across the switches during the
transition of switching states, i.e., from ON to OFF state, it is called as turn-on power loss (Pgy1, on) and
from OFF to ON state called as a turn-off power loss (Psyw1, orr). In addition, these states have significant
values in voltage and current magnitude, leading to switching power loss (Pgy).

fon o [ — Vi (t = ton)\ (Lou 1
Pyvon = fs / v(2)i(t)dt = f; / (%) <—t z) dt = G s VeiLoutton (20)
0 0 on on
fof ot (—V1(t — tog )\ (Lou 1
Pgworr = fs / v(t)i(t)dt = f; / <M> (—’ t) dt = —fVailputofy (1)
0 0 Loy Loy 6

The switching power loss can be calculated using Eqgs. (20) and (21)

11
1
Psw = Lsw,ON + Psw,OFF = Zgﬁ; VBZonutton+Q[}’ (22)
=0

In the Eq. (22) £, Vgij, ton and tg is the switching frequency, blocking voltage and on-time and off-time
of the of j™ switch respectively.

4.3 Ripple Losses (P,;,)

Due to the capacitor equivalent series resistance (rgsr) a voltage drop (V.q) appears occurs across the
capacitor. The ripple loss can be derived for any value of capacitance (C,,) is as follows

Pipi :g * Cpx Vg (23)

Eventually, using Eqgs. (19), (22) and (23), the total power loss (Py,ss) and efficiency (1) of the proposed
inverter are calculated as,

Ploss = Pcl + Psw + Pripl (24)

out

P
n=—7p* 100, where Py = Poys + Plogs (25)

in

where, P;, and P, are the input and output powers of the inverter.

5 Comparative Studies

The advantages of the proposed system are demonstrated by contrasting it with other known
conventional and related topologies. Tab. 2 shows a detailed comparison of the proposed model to other
configurations in terms of total number of switches (Ng,), drivers (Ngver), diodes (Ngjode), capacitors
(Neap), DC source (Npcg), switching devices (Ngevice), output voltage levels (Npeyer), voltage stress
(Vsiress)> gain ratio (G) and boosting facility. The comparison in Tab. 2 reveals that traditional topologies
use more switching devices and have significant lag in the boosting facility. Topologies with triple times
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voltage boosting factors are described in this literature [14] and [21-25]. Even though, these topologies are
identical in the number of output levels and gain they lag mostly in device count. The topology in [14]
requires 13 switches, 4 diodes, and a total of 30 semiconductor devices. In comparison to the proposed
model, the topology necessitates the use of more switches and diodes. The topology in [21] demands
16 switches and 14 gate driver circuits, a higher device count that results in higher power loss and cost.
In [22,23], voltage stress across the switches is reduced to 2V, and requires only 12 switches. However,
compared to the proposed model the total device count is higher. In [24], only 11 switches are required to
generate 7 levels across the load, but three numbers of capacitors are required, resulting in control
complexity. Topology [25] necessitates 5 additional switches than the proposed topology, resulting in
increased cost and size. The device comparison in Fig. 6a illustrates that the proposed model only
requires 11 switches and 10 gate driver circuits to generate the required 7L, which is significantly less
than other topologies. Furthermore, the proposed model only requires two capacitors, resulting in a
significant reduction in total cost and inverter size, as shown in Fig. 6b.

Table 2: Device comparison of 7L proposed inverter with other topologies

TOPOIOgY NLevel G Nsw Ndriver Ndiode Ndevice NDCS NCap A/NLevel A/G VStress BOOSting

facility
CHBMLI 7 1 12 12 Nil 24 3 Nil 3.9 27 Ve NO
NPDCMLI 7 1 12 12 10 34 6 6 6.6 46 Vg NO
FCMLI 7 1 12 12 Nil 24 1 7 4.6 32 Vg NO
[14] 7 3 13 13 4 30 1 3 4.9 11.3 Vg YES
[21] 7 3 16 14 Nil 30 1 2 4.7 11 3Vg YES
[22] 7 3 12 12 Nil 24 1 2 3.9 9 2V4e YES
[23] 7 3 12 11 Nil 23 1 2 3.7 8.7 2V4 YES
[24] 7 3 11 11 1 23 1 3 3.9 9 3Vee YES
[25] 7 3 16 14 0 30 1 2 4.7 11 Vg YES
Proposed 7 3 11 10 Nil 21 1 2 34 8 3V4ee YES
40 84
35 7. (FCAL]
30 " [NPDCMLI]
L 25- 5] l
£ 20 34 b
Z z
15 - "
10 - 2 [CHBMLI]
5 i
0 [Proposed,21,22,23,25]
0
: NLerel 7 3 NLevet 4
(a) (b)

Figure 6: Comparison of output voltage levels with respect to (a) the total number of switching devices and
(b) total number of capacitors
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As seen in Fig. 7a, the total component per gain ratio (A/G) is also lesser in the suggested model than in
other topologies.

é . Nsw + Ndriver + Ndiade + NDCS + Ncap

26
50 7 -
R =] 3L 6 - /3L
4 4
——7L 351 =o=7L
30+ L
® S 4
< 20 < 3
< 2 .
10 N
ol iml Dl Gl Gl Gl Gl Gl Gl Gl 0 -
3 O S S NN
S FLII IS TIPS S
‘b é <0 <0Q QQ\ é QC\ QQ
S (@) <
(a) (b)

Figure 7: Comparison of required components with (a) gain factor and (b) per level factor
Similarly, as shown in Fig. 7b, the total component per level (A/Ny.yc) in the suggested structure is
lesser than in other topologies.

A _ Nsw + Ndriver + Ndiode + NDCS + Ncap
N, Level NLevel

@7

5.1 Extension of the Proposed 7L Inverter

The cascaded arrangement of the suggested 7-level structure has been designed to produce the higher
output voltage level, as illustrated in Fig. 8. N cascaded modules make up the structure. The proposed 7-
level inverter topology is used in each module.

Module N

Y A
STain SToix

PV
ST;QN SThZN STrl J} Sle J}

/}{l(
#r

. = |
Module 1
STa ST
e == o A Ste /3

i

ST“ STb‘\

Figure 8: Proposed 7 L topology in a cascaded arrangement
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Using (7N + 4) switches, 2N capacitors, and N input DC sources, the suggested structure can achieve
(6N + 1) output voltage levels when all modules have the same magnitude of DC voltage sources. To replace
the DC source, existing renewable resources such as photovoltaic (PV), fuel cell, and others can be
employed. The advantage of the cascaded configuration is that it requires only one H-bridge for polarity
switching, while the remaining modules are employed for voltage boosting.

6 Simulation and Hardware Prototype Results

The prototypical 7L inverter model has been designed and analyzed with the help of SIMULINK tool in
terms of static and dynamic characteristics. The model has been tested with the load value of 2 kW at
0.8 lagging power factor and the simulated results are displayed in Fig. 9. The inverter delivers peak ac
output voltage value of 300 V, fed from a 100 V DC source. Fig. 9 displays the waveform of output load
voltage (V,y), current (I,,) and capacitor voltages (V¢; and V) for the connected load value of (R = 50
Q and RL = 40 Q + 100 mH). Thus, the simulated results ensure that the proposed model has thrice
voltage boosting capability without adding additional components. Also, the two capacitor voltages are
maintained constant around 100 V during charging and reduced up to 94 V during peak discharging for a
load of 2 kW. This shows that the capacitor ripple voltage is lesser and hence it enhances the durability
of the capacitor.

Z=50 Ohm : Z=40 Ohm + 100mH

300
200
100

-100
-200
-300

OUTPUT LOAD VOLTAGE(V

o)
1 o T T

; OUTPUT LOAD CURRENT(l, )

100 Wﬂwmmm'
75 | .
50 | :

; CAPACITOR VOLTAGE(V,,)
25 : 1

'
100 RN A B N | R e N ) A B N | A N | b B | Rgn BRS¢ R} W< 2 e )
i

75 | § N

CAPACITOR VOLTAGE(V,,)
25 b -

0 1 1 A1 i i 1 i !
0 001 002 003 004 005 0.06 0.07 008 009 0.1
TIME(S)

Figure 9: Simulated output waveform of the 7 L inverter with R = 50 Q and RL =40 Q + 100 mH
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The THD profiles of the proposed inverter can be seen in Fig. 10. Compared to the LS-CBPWM, the
combined (SHE and LS-CB) PWM approach exhibits lower voltage harmonics by 19.62%. The lower
order harmonics of 3™ and 5™ are eliminated due to the influence of optimal switching angle generated
through genetic algorithm.

, Fund tal (50Hz) = 232.4 , THD= 21.90% " Fundamental (50Hz) = 240 , THD= 19.62%

T T T T T T T T (] T T T T T T T T T
S s5- 1 efr
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% % 1 %
2 X
<Ll 4 =
g 22
E 1 _ I I | E

0 ™ [ [ ] [ ] n I ] I '] I I m

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Harmonic order Harmonic order
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Figure 10: THD analysis (a) without SHEPWM (b) with SHEPWM reduced 3™ and 5™ order

The dynamic load changing characteristics of the proposed model has been verified with two different
values of loads (Z = 50 Q and Z =40 Q + 100 mH) and is displayed in Fig. 9. It has been observed that the
Vout Waveform remains unaltered and the shape of the output current waveform alone changes due to
inductive load change. Moreover, the change in load from Z = 50 Q to Z = 40 Q + 100 mH has reduced
the ripple content across the capacitor voltage. The proposed 7-level inverter has been validated using a
hardware archetype is shown in Fig. 11. TMS320F2812 module has been used to provide gate signals for
the driver ICs. The switching algorithm is encoded in TMS320F2812 processor using code composer
studio (CCS) software.

\‘(klic ive

R load 1

¥

Figure 11: Hardware prototype

Tab. 3 presents the test evaluation parameters of the designed 7L single phase inverter prototype. The
proposed model’s output load current and voltage waveforms are examined using a key sight DSO
oscilloscope. The fluke meter is used to determine the load’s overall harmonic profile. The prototype is
tested with a 90 V DC input, and the resulting capacitor voltage, load voltage, and current are shown in
Fig. 12a. The seven voltage levels of (90 V, £180 V, £270 V, 0 V) with a 5 A output current can be
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seen in Fig. 12a. The enlarged waveform of the prototype results with the current values of the capacitor is
shown in Fig. 12b.

Table 3: Prototype test parameters

Parameter Value
DC input source 100 V
Capacitor 2200 uF
Load Frequency 50 Hz
Switching Frequency 2.5 kHz
Switches IRFP350
Gate Driver HCPL250
Controller TMS320F2812
1 100%/ 2 100¥/ 3 5.004/ 100v/ - 0.0s 10.002/ Stop 1 100v¥/ 2 5.00A/ 3 5.00A7 5.0047 2.5002/ 10.002/ Stop
Ym:,_w,,w o it st w el e ?;'Mﬁ%-’ﬁ:ﬂ'w\*—fﬁ%«»ﬁ%‘ﬂﬁ-wuﬁ:fﬁ[ﬂﬁ—w M]:JT]:[]TH‘ Ao ‘ rh‘fMJ"ﬂ—*‘ﬂ-‘J*ﬁnrH“*“'
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Figure 12: Experimental results; (a) RL load Z = 40 Q + 100 mH with capacitor voltage and (b) RL load
Z =40 Q + 100 mH with capacitor current in magnified waveform

Furthermore, the prototype characteristics are evaluated using Fluke 430-1I meter and the test results of
the 7 L inverter are shown in Fig. 13. The prototype is tested with an 85 V DC input voltage and a Z =40 Q
+100 mH RL load. Output voltage and current waveforms are shown in Fig. 13a. The THD value is around
21% as shown in Fig. 13b, which is slightly higher than the simulated value. The both the capacitor voltage of
V¢ and V¢, are shown in Figs. 13c and 13d respectively. Both the capacitors C; and C, maintain its voltage
around 83 V. It shows that the self-balancing voltage technique provides better stability during peak loads.
Thus, the prototype validates the simulated results.
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Figure 13: Experimental results in fluke meter: (a) Load voltage and current, (b) Total Harmonic Distortion
(THD) (c) Capacitor voltage (V1) and (d) Capacitor voltage (V¢»)

7 Conclusion

A single DC sourced seven-level inverter using switched capacitor technique is proposed in this paper.
The highlight of the proposed model lies in boosting the output voltage into three times that of input voltage.
Inherently, with the use of two switched capacitors it could generate seven voltage levels with the minimum
quantity of power switching devices and gate control circuits. The GA algorithm based SHEPWM has been
used to eliminate the 3™ and 5™ order harmonics. Similarly, the suggested inverter exhibits the advantage of
self-balancing algorithm, which retains the capacitor voltage during vigorous load changes. Mathematical
modeling for the various operating states with power loss calculation is described in this paper. A detailed
comparative analysis, made with the relevant level generating MLIs reveals that proposed model has
better boosting capability with reduced switching devices and voltage stress across the switches. The
simulated results of the proposed inverter are validated through the experimental prototype which
confirms its suitability for single isolated DC to AC conversion system.
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