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A Three-Phase Hybrid Cascaded Multilevel
Inverter with Multicarrier PWM technique
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Abstract: Multilevel voltage source inverter has drawn
tremendous importance in the area of high power applications.
This paper presents a three-phase modified hybrid cascaded
multilevel inverter incorporating a standard three-leg inverter
with H-bridge cellsin series with each leg. The switching scheme
with the multicarrier level shifted sinusoidal PWM s
implemented to produce the five-level voltage at the output.
Simulations have been performed using MATLAB to study
voltage levels, modulation scheme, and THD. Finally, the
possibilities of future works are addressed.
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l. INTRODUCTION

The class of power converter that produce AC power from
DC power is known as the inverter. Due to high tota
harmonic distortion and power losses of the regular square-
wave and semi-square wave inverters, mark them
unacceptable for high power applications such as AC power
supplies, FACTS devices and drive system [1]. Multilevel
inverters produce output voltages nearer to the pure sine
wave. Therefore, it would minimize harmonics in the output
voltage and improves the power quality. Apart from that,
multilevel inverters produce low common mode voltage,
less dv/dt across switches and low electromagnetic
interference [2]. But it requires more than one isolated DC
supply which makes system bulky and inexpensive to
design. As the number of levels in output voltage achieves
infinite then the THD approaches to zero. But the
production of possible voltage levelsis restricted by voltage
unbalancing problem, packaging, and clamping problems
[3]- [5]. The MLI is largely classified into three types (i)
Diode clamped ;(ii) Flying capacitor;(iii) Cascaded
topologies [6]. Cascaded model has advantages over diode
clamped and Flying capacitor multilevel inverter. It has
improved circuit design and packaging, results them suitable
for industrial applications. It uses no extra clamping diode
and capacitors [7]- [12]. There are different modulation
scheme and control strategies have been implemented for
multilevel inverter like

sinusoidal pulse width modulation (SPWM), selective
harmonic  elimination(SHE-PWM), and state vector
modulation (SVM) [13]- [16].
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In this paper, a three-phase hybrid modified cascaded MLI
is suggested incorporating standard three leg inverters with
H-bridge cell in series with each leg [17,18].

The control scheme with level shifted multicarrier SPWM is
implemented to produce five- level at the output voltage
waveform. The technique also permits to maintain balanced
voltage across capacitors of the half bridge inverter during
load changing. Section Il comprises the configuration and
modelling of the proposed inverter. The multicarrier SPWM
method is explained in section I1l. Simulations have been
performed using MATLAB to validate the competence of
the modified CHB MLI. The simulations results are
presented and discussed in section IV. Section V concludes
this paper.

1. CONFIGURATION AND MODELLING OF
PROPOSED CONVERTER
A. Three-Phase Modified Cascaded
Multilevel Inverter

Fig.1. Presents the three-phase hybrid CHB multilevel
inverter comprises of a conventional 3-leg inverter and H-
bridge invertersin cascading with each inverter leg.

Hybrid
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Fig. 1. Three-phase modified hybrid cascaded multilevel
inverter

The proposed model will produce five level in per phase
output voltage and nine level in line to line voltage
waveform. The mathematical analysisis similar to single
phase hybrid topology presented in Fig.2. Here the single
phase hybrid CHB MLI is implemented by cascading of
half-bridge and full-bridge inverters.
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Fig. 2. Single-phase hybrid five-level cascaded multilevel
inverter

This connection will generate the preferred levels at the
output voltage waveform. It is found that, during switching
only one of the DC supply isin contact with the load. So the
half-bridge inverter model can be realized by using one
isolated DC supply with two capacitors connected in series.

Output load voltage vy,=v,+v, (€D}

Where v, , v, are cell voltages

Here suppose v,,;= 2E = vy + v, andv,,=E = v,.

Ve , Ve &€ capacitor voltages

Then the half bridge inverter will yield +E and full-bridge
inverter will producetE, 0. So the five level output wave
will be generated like +2E, +E,0 .

The switching function isimplemented below:

{Si =0or1l,if S;isoff or on,}
wherei=1,23.....6
0

)

Complementary switches can be realized as following:
Where S; isany switch.

Complementary switches can be realized as following
S$=5=1-s; ©)
Applying KVL law to single phase hybrid model and
assuming:

Ve1= V2= E

V1 =81 Ver- Sz Vep=(281 — 1)E (4)
v, =S3E = s5E =(s3— S5) 5)
U0:U1+172

The corresponding six switching states of the proposed
converters are presented in Table .1

Table 1Switching States Of Hybrid Five Level Chb

MIi Inverter

State | s S, S Sy Sg Se v, v, Vo
1 1 0 1 0 0 1 +E | +E | +2E
2 1 0 1 0 1 0 +E 0 +E
3 1 0 0 1 1 0 +E | —-E 0
4 0 1 1 0 0 1 -E | +E 0
5 0 1 1 0 1 0 -E 0 -E
6 0 1 0 1 1 0 -E | -E | -2E
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Fig. 3. Output waveform of single-phase hybrid CHB
multilevel inverter

i, MULTICARRIER LEVEL-SHIFTED PWM
TECHNIQUE

PWM is one of the most preferred methods of controlling
the output voltage. It is implemented by adjusting the on or
off period of switching pulses. It eliminates lower order
harmonics. The higher order harmonics can be easily filtered
out with the help of filter circuit. In order to generate m
levels m — 1 carrier signals are upward shifted to one other.
A level-shifted PWM can be classified as following types

(i) Phase- disposition (PD);(ii) Phase opposite
disposition(POD);(iii) Alternate phase opposite
disposition(APOD). Here PD-PWM  technique is

implemented. In phase disposition al the carrier signals are
in same phase.
Modulation Index=M= —-r¢f

(Mm—1)ver;

Phase Disposition

Refe
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Fig. 4. Phase disposition PWM

In order to generate switching pulses high frequency
triangular carrier signa v.,; is compared with V..r |
sinusoidal  reference wave in a comparator.
Mathematically can be represented as

{if Vyer is greater than or equal to vy, then 1
else 0

Here V.., =Peak value of reference signal and vy,; =
amplitude of triangular signal.

In case of bipolar SPWM, if the V,..; > v.,; then the
top device of first leg is on else the bottom device. Asthe
top and bottom switches of the same inverter leg are
complementary in nature. But in case of unipolar SPWM
two sinusoidal reference signals are required to produce
switching pul ses.
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The reference signals are of same magnitude,
frequency and 180° out of phase. In case of multicarrier
technique, the carriers from maximum to minimum
amplitude generates switching pulses related with highest
possible voltage level to minimum. Fig.5. presents the
switching pulses for five level hybrid MLI. Herefour level
shifted carrier waves(C,;,C,2,Cr3,Cry) ae compared
with sinusoidal reference signal to generate the switching
pulses. Fromfig.5. thelevel 1 switching pulses are fired to
switches (sy, s3,5¢) t0 generate voltage +2E .

.Similarly level 2 isresponsible to produce voltage +E .Then
pulse levels(3,4,5) produce voltage 0,—F ,—2E at the output
respectively. Here TPWM = vref x ,0<vref <1 TPWM
= Width of PWM signal, Ttri =Period of Triangle wave.
Here N = ftri /2f = Pulses per half cycle. Where f =
reference signal frequency and ftri = frequency of carrier
signal. If triangular wave matches with zero of reference
signal then N — 1 pulses per half cycle.

Modulation index = M =V,.q¢ /V¢r;

Modulation index controls harmonics in output and
fundamental voltage valueinthe MLI.

In designing the switching pattern , proper care is to be
taken in accordance with voltage balancing of capeditorsit
needs a thorough investigation of switching states which
influence the voltage of capacitor. While capacitor c1 is
discharging through load then c¢2 is getting charged by the
DC source and vice-versa. The capacitors have equal voltage
values to get symmetrical output in voltage waveform. The
switching technique generates more number of control states
to produce same output voltage. Redundancy in the control
states are not shown in Table-1l. and used for voltage
balancing purpose.
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State 2: vl=+p1+(

State 1: p0=+pl+vl

Fig. 6. Equivalent circuit of switching statel and
State2 listed in table 1
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Fig. 5. Switching pulsesfor fivelevel CHB multilevel
inverter
V. SIMULATIONS AND RESULTSDISCUSSIONS

Thefive-level hybrid CHB is simulated based on theoretical
concept given in section 111. The parameters used for
simulation are listed in Table 2.

Table. 2. Simulation Parameters

Output Frequency 50Hz

Switching freguency 2kHz

Capacitor values(C1, 1mF

C2)

DC voltage(E) 200 Volt

Load power 1kW

Modulation Index 0.9 (Phase disposition)

Fig. 7,Fig.8 and Fig.9 shows the load voltage, THD in
voltage waveform and load current respectively. The
simulation is performed with phase disposition PWM
method.
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The symmetrical levelsin load voltage waveform justify the
competence of the system. The THD of load voltage is
shown in Fig.8. The dominant harmonic order
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Fig. 7. Five-level load voltage

Present in switching frequency. The load current contains
1.96% THD. It is observed that while capacitor c1 is
discharging through load then cz is getting charged by the
DC source and vice-versa.
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Fig. 8. Harmonic analysis of load voltage
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Fig. 9. Load current waveform
TABLE 3 Components Of One-Phase Of 5-Level

Inverter
Type of Number of Number of Number of
multilevel capacitors switches clamping
inverter diodes
Diode 4 8 12
clamped
Flying 10 8 0
capacitor
Cascaded H- | O 8 0
bridge
Cascaded 2 6 0
hybrid

V. CONCLUSION

In this paper, three phase modified hybrid CHB MLI has
been proposed and simulated. Firstly, a single phase hybrid
five level CHB is proposed using multicarrier level shifted
SPWM. The symmetrical levels in load voltage waveform
justify the voltage balancing of the system. It is observed
that as the number of levels at output increases, THD
decreases. Then a comparison between different MLI in
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terms of component requirement is carried out. It is
observed that modified CHB MLI is the most promising
alternative for industry applications.
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