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Abstract
In this paper comparative study of proposed hybrid multilevel inverter (HMI) operating in modified pulse width modulation (PWM)
mode with cascaded H-bridge multilevel inverter (CHMI) is done. Two types of HMIs are proposed with same configuration. To
control the two HMIs, modified PWM techniques are derived from sinusoidal pulse width modulation (SPWM) to reduce the switching
lossesin the inverter. Matlab/Simulink model s are used to study the output of HMI and CHMI.

Index Terms:.- Cascaded H-bridge multilevel inverter, Hybrid multilevel inverter, Pulse width modulation, Total

harmonic distortion (THD)
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1. INTRODUCTION

Multilevel inverters (MLI) are becoming popular thawo
level inverter in high power applications. MultiEvoutput is
synthesized by small dc voltage levels. In multlemverters
all the switches are connected in series whichwalloperation
at higher voltage level [1]. The main advantageMal are
high voltage capability, low switching losses, low/dt , less
THD, less electromagnetic compatibility [1-2].

The main three MLI configurations are neutral point
converter, flying capacitor and cascaded H-bridgétilavel
inverter [3]. CHMI has more advantages than otheo t
mentioned. CHMI does not have flying capacitors and
clamping diodes. Main drawback of CHMI is that thember

of devices used increases with the number of lepMdlsand
this increases the gate drive circuits at conttage itself
causing high cost and switching losses [5]. To ocwmre
above disadvantages the choice is hybrid multiléweérter
which is derived from cascaded H-bridge invertarotder to
control the MLI output voltage there are severahtoo
techniques in the literature. The most efficienttimds are
based on sinusoidal PWM techniques because it keadasy
control of inverter's fundamental voltage and asllwas
eliminates the harmonics. Among various PWM techeg
phase disposition sinusoidal pulse width modulation
(PDSPWM) technique is most popular because of its
simplicity to apply in CHMI and HMI control with orease in
number of levels [6].

2.HYBRID MULTILEVEL INVERTER

Proposed HMI is derived from conventional CHMI d®wn
in Fig.1. It consists of one main inverter and &ary

inverters. These are cascaded to get the multileugbut.

Main inverter consists of two switching devices azated to
conventional H-bridge inverter which consists ofurfo
switching devices. For five level HMI total six dess are
required in each phase of a three phase conneutfoch

reduces number of devices by six as compared &z thhase
five level CHMI [7-8].
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Fig.1 Proposed hybrid multilevel inverter configuration.
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For n level CHMI (n-1)/2 number of independent s@srare
required. In general independent sources may bewsble
energy sources like same rated solar panels orceied or
wind energy sources [9].

Seven level HMI is configured as shown in Fig.2cdnsists
of three inverters namely main inverter, auxilianyerter-I
and auxiliary inverter-Il in cascaded mode.
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Fig.2 Seven level hybrid multilevel inverter configurati

3. PROPOSED TYPESOF HMI

Since carrier PWM techniques are used in the cbafrblMI,
high frequency switches are required in each stAgethe
number of high frequency switching devices increashe
reliability of the inverter reduces. Moreover thegh
frequency switches are expensive [10] and hendeftre
number of high frequency switching devices usedthia
current path of the inverter should be reducedvimdarapid
switching which leads to reduction of the losses tlie
inverter. The inverters if operated in square wavede at

fundamental frequency allow the use of low freqyenc
switches and thus cause reduction in the costeokttitches.

Keeping these in view two types of HMI are explainén
these two types of inverters the circuit configimatof HMI is
kept same and only the number of high frequency land
frequency switches in the inverter is varied.

3.1 Type I:-Operating One Inverter in PWM Mode
and Remaining Invertersin Square Wave M ode.

In this type of operation auxiliary inverter-l igerating in

PWM mode and remaining auxiliary inverters and main

inverter are operating in square wave mode. An ratdege of
operating in square wave mode is that the low feeqy
switches which operate at fundamental frequencybeansed.
Whereas only one inverter i.e auxiliary invertés-loperating

in PWM mode. This type requires four high frequency
switches in any level of single phase inverter #ng finally
the total cost of switching devices is reduced. Toatrol
scheme for this type is explained as following:

To control the hybrid inverter satisfactorily theodified
PWM technique is derived from conventional SPWM
technique, which decreases the losses in the enjdri].

Control signals of PWM and square wave inverters ar
fabricated by using equations from (1 — 4) andsrewn in
Fig.3.

f(t) = m,Sin(ot) (1)
(£(t) ;sin (2*(:-2)) =IOl =1
1_]3 - () in (—= @
¢ k(1 _m> ;0 < |f(t)] < sin (2*(11_2))
_(LfH =0
Ay = {o; £(t) < 0 ®)
LIFW| = sin (52)
A2 = . T (4)
0; [f(t)] < sin (2*(n_2))

Where,
f(t) reference signal,
N number of levels,
ma  modulation index (0-1.0),
Al  multiplexing signall,
A2  multiplexing signal2,
T, pulse width of PWM (0-1).

T
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Fig3 Waveforms of PWM and multiplex signals
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Fig4 a)Logic diagram. b) Gate signals of Auxiliary interll.

Auxiliary inverter-Il is operated in square wave @heo Its gate
signals and the logic diagram of auxiliary invertere shown
in Fig.4. The seven level output of inverter is aed by
three stage inverters as shown in Fig.5.
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Figb: Output of seven level inverter

For n level inverter m stages are required. Wher2nm+1,
m>2 and m number of dc sources are required. Maiartay
is connected to Vdc = 310V voltage where as auyilia
inverters are operated with Vdc/2= 155 V voltagen@uction
periods of auxiliary inverters in n level HMI arévgn in the
Fig. 6.
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Matlab/Simulink model is used to study the outpluingerter.

Fig.6 Output of n level inverter.

Simulation results are given in the Fig.7.
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Fig.7 a) Simulation result of seven level inverter b)aut of
twenty one level inverter

From the simulation results it is observed thathis type of
inverter operation as the number of levels incredlse output
wave gets distorted from the required sinusoidapshwhich
results in higher THD. Second type of inverterrigferable in
higher level HMI.

3.2 Typell:-Operating One Inverter in Square Wave

Mode and Remaining Invertersin PWM Mode.

In this type the main inverter is operating in sguavave
mode and auxiliary inverters are operating in PWNdm
Even when the main inverter is operating with ioequency
switches the final output voltage profile obtaingdbetter than
the type-l. Control signals for auxiliary invertease given by
modified PDSPWM (MPDSPWM) technique which is dedve
from conventional PDSPWM. The main difference betwe
these two techniques lies in reference signal aagnitude of
carriers.

For n level HMI, control signals of all auxiliargverters from
auxiliary inverter-ll onwards are derived by usifign-1)

carrier signals above the reference with leveltsdijf same
frequency and one reference signal as given integquéb) to

generate PWM signals in the positive half of ingemutput.
Another (m-1) level shifted carrier signals aredvelthe zero
reference and then the same reference signal isreeqin

negative half of the control signal as shown in&ig

I R R
r(t) - (S.H(Z*(:—z)) 1) 7St (2*(n—2)) S f(t) <

—sin (2*(:—2)) ®)

Where,

f(t) reference signal given in equation (1),
n number of levels,

r(t) Reference signal in MPDSPWM.

Control signals for auxiliary inverter-l and maimverter are
derived by using same logic circuit as explainetype-| with
the reference signal in equation (2) modified toapn (6).
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( f(t) 1 . n 4. COMPARISON OF HMI WITH CHMI
—_— - ;sin (—2*(11_2)) <|f(v) <1 o
Tp _ 4 S‘“(z*m z>) Matlab/simulink models are used to study the HMId an
¢ (1o __f® 10 < [f(D)] < sin( n ) CH_IVII_. The output THD _and RMS (root_ mean squareyage
\ sm(Z*(:_z)) re = = 2+(n-2) variation with change in level are given in the .EQy &
(6) Fig.11. HMI-l and HMI-Il indicates type-l and tydée-
respectively. From the results it is observed thigth HMI as
Where, the number of level increases more than sevenkihhll is
[0 reference sgna Jven in equation (1) fhat M-I with MPDSPWM. dives. the Iess THD as
nTp S:jg: %gtfhli\;e;fjv,w (0-1). compared to CHMI with PDSPWM of the same level.rfro
T_c the RMS output voltage versus level chart as shiomfig.11

it is evident that up to thirteen levels HMI-II gis high RMS
voltage as compared to CHMI. Number of high freaquyen
switches used in HMI depends on type of operat@n.single
phase in type-I only four switches are operateB\viM mode

Twenty one level HMI simulation results are giverFig.9.

(WsniEn D) and remaining switches are low frequency switchbhvare
N r()(_._m_"_',,,,,_ . operated at fundamental frequency for any levelutput.
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Fig.8 Control signals with modified PDSPWM.

" Fig.10 THD variation with increase in level in HMI and
I : CHMI
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Fig.9 Output of twenty one level HMI. Fig.11 RMS output voltage variation in HMI and CHMI with
multi level
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To get seven level output HMI-I is preferred silitceses four
high frequency switches and six low frequency shag per
phase where as HMI-II uses eight high frequencytamdiow

frequency switches and CHMI uses twelve high fregye
switches per phase. In seven level inverter opmraéiven
though THD of HMI-I is high as compared to HMI-Iha

CHMI, cost can be reduced because of using highbeuraf

low frequency switches and reliability can be ims®d since
only two high frequency switches are operated imesu path
of inverter. Up to thirteen levels HMI-II gives HigRMS

output voltage and less THD as compared to CHMIovb
this level even though THD is less in HMI-II but ®H gives

high RMS output voltage and almost same value dDTH

CONCLUSIONS

In this paper comparative study of proposed HMhvw@tHMI

is done. Matlab/simulink models are used for anslys
purpose. Mainly two types of HMI are explained hwit
modified PWM techniques. HMI-II with modified phase
disposition sinusoidal pulse width modulation gives THD
as compared to CHMI of same level output. HMI-lusealy
two high frequency switches in current path of mee and
four high frequency switches for any level outpaiitsis more
reliable and cost efficient model but for higherdks its THD
and output RMS voltage is poor. So type-l i.e HMisl
preferable up to seven levels above seven level -HNH
preferred. This paper highlights the advantagedHbfi in
lower levels in contrast to CHMI and thereby estdtas the
application of HMI to be interfaced easily with ewable
energy sources like wind and solar hybrid genegatiystems.
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