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Abstract

Reducing the number of voltage sources and the power electronics components while obtaining
voltage boosting in the output voltage are the key parameters in the research area of the multilevel
inverter design. A lesser number of components would ensure lesser cost while higher boosting ability
increases its application potential. In this paper, a new H-bridge based single-source switched capa-
citor multilevel inverter structure is introduced. The proposed structure including two K-type units
(KTU) can produce nineteen voltage levels with a voltage boosting of 1.5 times the input voltage. This
converter consists of fourteen switches, two diodes, one voltage source and five capacitors with self-
balancing capability. A comprehensive comparative comparison with the recent presented topologies
have been carried out to investigate the performance of proposed structure. The main features of the
proposed structure are utilizing single DC voltage source, self-balancing of the capacitors the
capability of the input voltage, reducing the power electronics components in terms of voltage level
count, and thus reducing the overall cost. The simulation results in the Matlab/simulink environment
and the experimental laboratory results are provided to verify the satisfactory operation of the propo-
sed topology.
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Figure (1). The proposed 19-level inverter with two K-type basic units based on H-bridge cells

320
/ 1 /‘ C2a T2a sz
Clag @ — ’Cla I
b i TI“ a
3Vdc T I T3aT3b l—e 3\/dc Czb 3\/nc T
\Clb Cc
\\
Sib S1d S2b 'Sib S2b Sib 'S1d S2b
(a) Vout= 0.5Vdc (b) Vout Vdc c) Vout 1.5Vdc
Sic, S2a Sic, S2a Slc, S2a S2c

/” Co2a / C2a 1 T2a T2b - C2a
[Clax I IClax d }ﬁ% ’ClaA I
| U # | ﬁ; ca la

b 3vuc<% C2b 7 194 3vde C2b 3vdc ‘
T3b 7, I T
Clbhl //) LEEP_&J—Q Clbhl < %\ \ 1bhl //)\%

Sib §1b Sib
(d) Vout= 2Vdc (e) Vout= 2.5Vdc (f) Vout= 3Vdc
Slc Sg S]ﬁ, gc
- /
. T2a sz
’Cla Cla
3va T3a T3b 3vde CZb T L«?
Clb rﬁ&a@:—'—d ch \cm]
=5 =5
SZb S2b S2b

MJKMp.:.:)o‘sow‘ﬁhwoo)yf)sqlgl“qéuwséwéuub:(r)ﬁ

Figure (2): Performance modes and paths of the proposed 19-level inverter in the positive half cycle
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Figure (3): Performance modes and paths of the proposed 19-level inverter in the negative half cycle
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Figure (6): Equivalent circuits for different output voltage levels in the positive half cycle
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Table (3): Comparative results of the proposed topology with other multilevel inverters
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Figure (10): Comparison charts according to the number of output voltage levels, a) Number of semiconductor devices, b) Number of
capacitors, ¢) TSV, and d) Total cost function
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Figure (11): Fundamental frequency modulation, a) The concept of fundamental frequency modulation (FFM) and b) Block diagram of the
control circuit of the proposed topology
Table (4): Parameters used for simulation and practical testing
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Flgure (12) Experimental circuit of the proposed structure
wrsra 10k pts 168kSass

v S
J_LLLV (50Vfdn) ﬁ (507 div) JH =
VLoad(V)
y T g" 150 25*ILoad(A)
e G C
i A S 100
: B S0
Ao A A "‘? S sol
—LL ?D -100 |
(70IY Cl'ﬂ) ; : £ -150+
=]
iz > : ’ ’ ’
=T ﬁmﬂ[ﬁ g 002 0.03 0.04 0.05 0.06
S Time (sec)
&slwosly (&) & lwdas ()

Fundamental (S50Hz) = 178.2 , THD= 4.56%
LSF™ ' j ' ]

S
n

Mag (% of Fundamental)
(=]

0 1000 2000 3000 4000
Frequency (Hz)
797 Wy (Sgela S elgel (2)
b il Jiuds 3o (@B eal )b gl (b 03395 (2905 by 9 59 9 C1 9Co slagy3l5 jLdg s (1Y) S

Figure (13): The voltage of capacitors C; and C,and the output voltage and current for a pure ohmic load at the fundamental frequency
switching, a) Simulation, b) Experimantal, c) Tolal harmonic distribution of output voltage
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Figure (20): Voltage and current of switches Ty, and Ty, @) Voltage in simulation. b) Current in simulatiom. d) Voltage in experimental
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3. Electric vehicle 12. Fundamental frequency modulation
4. Electromagnetic interference 13. Switched capacitor multilevel inverter
5. Neutral point clamped 14. High frequency alternative current
6. Flying capacitor 15. Number of capacitor
7. Cascaded H-bridge 16. Number of semiconductor
8. Direct current 17. Total stress voltage
9. Active neutral point clamped 18. Cost function
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