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A Simplified Svpwm for Five Level Inverter with
DC-Link Balancing

B.Sreenivasa RajuM.Lokesh

Abstract— The objective this paper presents a five level &The blocking voltage of each switch is clampecdhi half of

three-level inverter topology for induction motoo&ds with dc
link voltage stabilization. Presently diode-clampéuverter was
used and it is also known as neutral point clamp&PC) inverter

is most favorable among various multilevel configtions.

DC-link unbalance may overstress the capacitors addvices
during a sudden regenerative load increase, andah also cause
nuisance over voltage or under voltage trips. A spaector based
PWM scheme is proposed for power circuit configu@iito have
the dc link voltage balancing. This PWM scheme réeas only

instantaneous phase reference voltages for its iempéntation in

the full modulation range. A SVPWM technique is alsesed to
reduce the switching losses. In complete modulatimnge &

power factor the capacitor voltage stabilizationthae input side of
the inverter is obtained. An open loop control scheis presented,
which uses only availability redundant switching séstto obtain
three-level inverter DC-link balancing & the curreanflow model

of the five-level inverter to obtain the DC-linkatancing. This

proposed three-level inverter & five- level invartSVPWM

scheme is studied through MATLAB simulations

Index Terms— DC- link balance, Multilevel InverteSVPWM.

I. INTRODUCTION

The need for increased power level ac drive systamtace
of conventional two-level inverter configurationtl®e main
requirement of the present days. The standard dwel-|
voltage source inverter is composed of only ondchngell
per phase. But in the field of high power drivingtems the
level of dc current bus voltage constitutes an irgrd
limitation of the handled power. Another drawbadkttoe
two-level converter is very high dv/dt generatedsg-level
voltage source inverter. More over as the dc-liakage of a
two-level inverter is limited by voltage ratings sivitching
devices, the problematic series connection of $ivite
devices is required to raise the dc link voltagg.tBis the

dc-link voltage thus the multilevel inverter's pamhance
depends on the PWM algorithm. The Space vector PV&E$/
more advantages comparing to triangular sinusoatad
hysteresis PWM.

Several works apply the Space vector modulation
multi-level inverters [7-10]. These works use aidgp
method that approximates the output voltage ushrget
nearest output vectors. When the reference vettanges
from one region to another it may cause intensegds in
output voltage. In addition we need to calculatedwitching
sequences and switching time of the states at ewvétghing

to

period. Thus the computation time increases witkh th

increasing number of reference vectors. This is @nm
limitation to the application of typical SVPWM. Rattly
several attempts have been made to explore a sifapteand
generally applicable multi-level SVPWM algorithmn® of
the new trends is to convert SVPWM into a new fasimg an
appropriate coordinate system [11-15]. In [11] &hud of
SVPWAM for high level inverters that represents atiygctor
in three dimensional Euclidean space is presentdu:
method is based on the fact that increasing thebeurof
levels by one always forms an additional hexagoimg of
equilateral triangles, which surrounds the outetrhezagon.
In [12], the used method transforms the space veliagram
from Cartesian coordinates system t8 &fbrdinate system.
In [13], sum manipulations allow to simplify spaeector
diagram of three-level inverter into space vectagrhm of
two-level inverter. In [14], the hexagon represegtspace
vector diagram is flatten and the reference voltaggtor is
normalized in order to reduce computations of figerithm.
The method used in [15] adds to SVPWM a prediaiveent
control loop. The load current is predicted for alltput
voltage vectors of the inverter. The current eisaralculated

maximum allowable switching frequency has to be enorand the switching state that ensures the smaliége\of this

lowered thereby harmonic reduction becomes mofedlif
Hence the need for high performance ac drive systetin
increased power level high quality inverter outpith low
harmonic loss and torque pulsation has arisen. iNavel

error is selected. Although these methods propesergl
SVPWM algorithms for multi-level inverter, the cadlimate

transformations used in these algorithms are somewh

complicated.

converters come as a solution to these problemsir Thin this paper a new simplified, very efficient niéivel SVM

performance depends on the PWM method that is used.
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method for five-level diode clamped inverter ance#ilevel
diode clamped inverter is developed using simubiaick sets
of MATLAB and this algorithm is used to generatdimgg
pulses for multi-level inverters and also the perfance of
the three induction motor is studied based on theldped
algorithm .

. CONVENTIONALTWO-LEVEL SPACEVECTOR
MODULATION

A.Generation of the SVPWM Switching Signals:

n With the three-phase Inverter shown in the fig.ufpat

voltage is produced by switching only one switcleath leg
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at any instant of time. There are six possible @viily
sequences to produce an output voltage.

s

-8

Fig.1: Three-phase inverter

The switching sequence of an inverter is in theeord
1-2-3,2-3-4,3-4-5,4-5-6,5-6-1,6-1-2.... Each switcmducts
over 180 in a period. This indicates the inverter in 1&bde
of conduction. Switching from one sequence to agothkes
place at every 60 degreeShere are two more possible
sequences that produce no voltage are 1-3-5 an@.456
that there 6 active states and 2 inactive states.

Space vector modulation is obtained by switchingpeeht
switching sequence number of times in every. GWsitive
group switches: 1,3,5,Negative group switches:2, l6et us
assume switching vector a, b, c for the three fegsesented
by 1's and 0's.1 indicates positive group switches on, 0
indicates negative group switches are on. Possibiehing
sequences are represented by switching vectorsharen in
table 1.

SNa. a | b |c Vg Vi, Vo Vao | Vie Va
1 ofofo Va2 N2 0 0 0
2 o0]ofo w2 Vi Viz | 0 -V
3 1 ]1]c vt Vg2 27 o [ v -V
4 1|10 N2 Vg2 vz | -ve | v
51011 w2 Vg2 Ve2 | Ve | 0 W
€ 00|l V2 N2 Ve ¢ |-Vs V.
7001 Vi N2 Va2 A E
& 11 [1 v Vg2 Va2 0 0 0
Table 1: Switching Patterns and Output Voltages o&

3-Phase Inverter
For instance, in Fig. 1 the upper switch of thesier's pole A
is on, whereas the other legs both have the lowiéctsturned

1 1

on. Hence the pole voltages a%‘(/d ,—EVd ,—EVd ) for

poles A, B, C respectively. This state is denoted130,0)
and, space vector is given by
V=V, 4V, :%(VAOEO +Va +V0052j

.2

Where a=e'?

It is easily shown that the six non-null statedechhs active
states, are represented by space

V.= %Vdej(k_l)g With (k=1... 6)

forming a regular hexagon and dividing it into ®Egual
sectors denoted as |, 11, llI, IV, V, VI in Fig 2.
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Fig 2: Representation of the Inverter States in Stéoonary
Reference Frame

Switch State L .
Iy R ¢ Basic Vectar Value
0 0 U 7,(000) 0
i (100) gy
0 0 0 i100) vt
k]
ml110) 1 iE
0 0 ( S ?I-:,z’
v, (010 5
0 0 0 010) “ra
b
o R o 7,(011) 2y
Al
b, (001) n =
0 0 0 : bt
37
7,(101) 2. o=
u L] L T E;je 3
0 0 ] 7111) 0

Table 2: Representation of Inverter States in Space
Vectors

SIMPLIFIED SPACEVECTORPULSEWIDTH
MODULATION METHOD

A. Simplified SVPWM for Fiive Level Inverter:

The space vector diagram of multilevel inverter dam
divided into different forms of sub-diagrams, sach a
manner that the space vector modulation becomes mor
simple and easy to implement, as made in severakswo
[11-15]. But these works do not reach a gener&aaif the
two level SVPWM to the case of multilevel inverteether
they divide the diagram into triangles, or intoeiféred
geometrical forms. In this work, we present a sevgohd fast
method what divides the space vector diagramvefifvel
inverter, within two steps, into several small &dgans, each
hexagon being space vector diagram of two-leveerier, as
shown in Figure 3.9. This method is the extensibithat
presented in [16] for the case of three-level itereiWe have
to make two simplifications: Firstly, the spaceteeaiagram
of five-level inverter is divided into six spacecter diagrams
of three-level inverters. Secondly, each one ofsehe
three-level inverter diagrams is divided into gdase vector
diagrams of two level inverters.

Doing so, the space vector modulation of five-lenekerter
becomes very simple and similar to that of conwanati

vectotgo-level inverter space vector modulation. To edlis

simplification, two steps have to be done. Firsttpm the
location of a given reference voltage, one hexdgasto be
selected among the hexagons secondly; we trars&teigin
of the reference voltage vector towards the ceanfre¢he
selected hexagon. These steps are explained imdRke
section.
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Fig 3. Division of Overlapped Regions

B. First Correction of Reference Voltage Vector:

Fig 4: Decomposition of Space Vector Diagram of a
Five-Level Inverter to Six Hexagons

Having the location of a given reference voltagetog one
hexagon is selected among the six small hexagahsdintain

ISSN: 2249 — 8958yolume-2, Issue-6, August 2013

S Vi v,

5,‘ 1 0) 5; | R

1 h——_E.cos(O ] I,;——.E.sm(O ]
2 - 2 L

5 1 . S I
2 Pr;f.cos(rr: 3) h—;f.sm(r{:i)
EA| o A .
3 Vi- ;_E.cos(br: 3 V- ;E. sm[lvr;' 3
1 . LA | o

4 V-~ E.coslz) F’g——_E.sm(?r]
2 : 2 '
Y o A o
5 L’d—;ﬂ_cos(mr.-z) Vg—;E.sm(:I?r; 3)
EA | ‘ Y ‘ .
Vd—;z_cos(smj V,;—;.E.sm(i:r;i']

Table 3: First Correction of Reference Voltage
Vector
C. Determination of Dwelling Times:

Once the corrected reference voltage V2* and the
corresponding hexagon are determined, we can &pply
conventional two-level space vector PWM method to
calculate the dwelling times, the only differenevieen the
two-level SVPWM and the three-level SVPWM is thetéa

4 appearing at the first two equations as showoviel

[ == (5 =)
=(3)

f;?|-z; i ()

| =(3)

-

Ty =T, —

f-a

Remaining all procedures are implemented like

the five-level space vector diagram Fig. 4. Thexist some conventional two-level inverter SYPWM method ancbtw

regions that are overlapped by two adjacent sneathons.
These regions will be divided in equality betweln two

hexagons as shown in Figure 3. After selection oé o

hexagon, we wake a translation of the referencéovat:
towards the center of this hexagon, as indicatefigare 5.
This translation is done by subtracting the cewmtetor of the
selected hexagon from the original reference vedtable 3
gives the componentsandq of the reference voltagéref*
after translation, for all the six hexagons.

Fig 5. First Translation of Reference Voltage Vecto
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level equivalent pulses are obtained.

IV. DC-LINK BALANCING SCHEME

A three-phase -level DCMC consists of 2x(m-1)x3tshes
and (m-1) capacitors in the input dc-link, as shawkig. 6.
Theoretically, for each phase of the converterdtexist 2
(M1 different switching states. However, as it is shdvene,
only m switching states are valid and hence wikkbesidered
in the modeling process. If capacitors’ voltagese ar
balanced(m-1), capacitors in the dc-link will prd&i m
different voltage levels, which are accessible bg toad
through the switching power converter. In DCMCs, a
combination of turned-on power switches and sormmplng
diodes connect each output phase to one of thagslevels
provided by capacitors. The converter should beallgpof
operating in four quadrants that requires a swiighbgic. A
switching state is called valid when it follows tfadlowing
switching logic: “Counting from the top, at any $utiing
instant and in each converter leg(m-1), consecwiéches
are on, and all other witches in the same leg #t& As
shown in Table 4, all such switching states aralyakcause
in this case the output voltage does not depertti@output
current direction. Any other combinations of theitsting
states leads to surprising output voltage jumpsl also
output voltage-output current dependency will ocdurese
voltage jumps deteriorate the output voltage qualfiat can




damage the load. A good modulation strategy shauttd
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improper switching states.

used for the converter, as long as the modulagehrtique
generates valid switching states, the switchinghinations
are limited to the switching states shown in Talle

P z ira ¥ onsequently, it is possible to claim that for sible
o . irn Vis C tly, it ble to cl that f bl
fer - Ta switching states the currents and voltages are as
1 = tching states th ts and volt Utartedl
Ty Sz shown in Table 5.
-— - State | ia Van (Mm=0dd) \in (M=even)
> L= & | |
P H 28y +rnns me
B icm-12 -—_ - — _,J =2 -2 | o] m-1 m
I =_C' +_(m+2‘)/2c 3 1 a o T E_1
(e ll(m+l)/2 x 7} £S5 m-Da ; 1 U ~vu m + U
v, — * ' [¢] C [¢]
| 2N ’l-m+f)/2 fmviiz,a —):1 L Va j=1 2 j=1
A4 L tm+i)/2 - L _,J“S’ 0 E‘ E_l
Cmsipr2 !;(m-lj,c l. 2a ) laeeennns o] 2 2
- H ) —U. —+ .
v Z UCJ UC Z UCJ
i.: ¥ iﬂrx-; * S n-2pen j=2 j=2
=Z(:(m»!) S - Da
Comt [ WY Sie 30 . .
0O0........ m- 1 m m-1
Fig 6 One Leg of three-phasem-level DCMC m Odd m la Z( ) il 2 Uy
N - iz v i :Ll 2 2 i =T+1
Fin A e iz “ irp i ! 2 ! 2
cr - Sia
-+ . ! Table 5 : DCMC Output voltages and MP Currents for
"o A .
- I all states:
- 5 W, , i u ,
7 < We propose a new, general, and simple currentrfiodel or
Aiconsn T T ;nj' e equivalently, a switching function model. The adege of
T Comzny femmro this new modeling scheme is that it achieves géhera
tomzs et J: Som-2a without the loss of simplicity. In our analysid, @djuations are
———| = * H 13 n
LY [ 26 1 Sensya derived for phase “a” and then extended for thrbasps.
m2) bov, _»,'n ~ .
vi] A Yicos 7 _,JL"S Ve From Table Il the currents &g, .... ima Can be written as
= T 2Cmm = . = =11-
i _im@ § Emzen.p 7{: S za l1a dla a’ ma (1 d(m—l)a)a (1)
1 Eemez+1)  Am2+Da i _ - _ T
_‘_-C(M‘I) — - S Ika - dka(l_ (k—l)a)a y k - 1,....,m '1
fCm2+1) Fm-i)oc X A . A A
Yy Where gi(j=1...4)are switching functions pertinent to leg “a”
< e .
[ o e S on- 21 that can take zero or one value. Applying KCL a¢ th
B It S m-sia capacitors’ middle points.
v_ Cim-1) i ‘fm.e‘r ”

Fig 7 One Leg of three-phasen-level DCMC m even

(a)

Kk
ck :zija_iin; k 1
j=1

By defining ¢, = 0 and using (1) and (2), one can obtain the

State di Oaq dim-1)kn dmo followi . .

1 1 1T . 1 1 0 owmg set of equations:

2 0 S TS 1 S Zd,a(l diygalia =i k=1p0m-1---(3)

. Usmg KVL in the dc-Link vd.c =X wej

- -1 .
m 1 8 g 8 (1) vd.c= ZT:IVCJ taking the derivative of both sides results
Table 4 : Definition of different switching state: in
(mDdv,  (m2)j

Consider an improper switching combination in aefigvel dVee = z dVC' = zli =0....(4)
DCMC, as follows:g=1,d,:=0,d3=1,d,,=1, where switching  dt =t dt C.

j=1 %~

functions are defined ag,@llwhen a switch g=1and §=0 14 jnout current;, can easily be found by combining (3) and
when a switch $is off, j=1....4 a positive output current (4) as shown in the foIIowmg

results in a zero output voltage, while a negatiput

(m-1) (m-1)j.
current results in an output voltage equalrter v, that szja(l d(1)a ) ZLH:O ..... (5)
means the output voltage depends on the outpuwgrduifFhe k=t j=1 ka1 Cy

space vector pulse-width modulation (SVPWM) and allherefore, assumlng

sinusoidal pulse-width modulation (SPWM) techniques ]/Z ZI/C

excluding the phase-shifted carrier SPWM, genevaial k=1 '
switching states. Table 4 shows all switching stafean-level (m-1) k
DCMC that satisfy the aforementioned switching rakd i =Cyy zzdja(l_d(j—l)a)
Table 5 shows the corresponding output voltages MRd k=l j=1
currents. Therefore, regardless of the modulatamhrique

o
Cy
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We further propose a Lemma that plays a key role iMoreover, it provides an easy-to-design tool fag tesign
simplifying (3) and (6) and thus the proposed mindel and performance evaluation of the converter anddtgrol
schemeLemma 3.1For valid switching states, the following mechanism. To demonstrate the effectiveness ofrtheel

equation holds true:

k
Zldja (1_d(j—1)a) = dka
j=

and to show how it simplifies the calculations aneldicts the
overall performance, the derivation of the averageent
passing through capacitors in a five level DCM@iigen as
an example. For the SPWM strategy, the switchiggads, g,

The same procedure can be used to derive analoggss...4 are found and shown in Fig. 7. By neglectiigher

equations for the other two phases (phases “b™efdFor
the three-phase system, with the help of Lemma(3)land
(7) are simplified as follows:

(52 i

i =0l i, +d,d.

jcc i

[Ja qmzqa} +[ ,b-qmqu}b [ R ) =1,

-(8)

order harmonic components in this signal can be

approximated by the following function:

ifa<at<m-a

{Zmasin(ai)—l
d, =
Ol

Where mgis modulation index an(trsin‘l(j/zm) a) .

Similar equations can be found fqpdnd d. . For sinusoidal
output currents(i 4(t)=I.sinwt-¢), the current flow model

otherwise

This model is valid for the SVPWM and all SPWMghown in Fig. 8 and (13) result in an average dégrazurrent

techniques excluding the phase shifted carrierréfbee, (8)
is independent of modulation strategies. Moreoveris
important to note that in deriving (8) there wasassumption
on the capacitors’ voltages or capacitors’ valuguls, the
equations in (8) hold true even if the capacitoitages or
values are not equal. if, is midpoint of the dc link capacitors
as shown in Fig. 7, using Table 4, the following&tipns can
be derived for odd and even number of levels:

m-1

j,ac,+z ) ©)
rnZ_ldjaucJ Z Y if misodd
j=1
m
371 1 m-1
Ua_Un:;djaUq*-Uz[dr;a_z]*- % dia_l)ch ..... (10)

= j=—+1

m-1 ’

=>duy - ZUCJ U . if miseven.

j=1 2

J——+1

On the other hand, the voltage difference betweanchthe
negative point of the dc source is obtained from

v, -U_= ZU . if misodd
i m+1 (11)
o 1 . .

v, -U_= Zu t5Um if mis even.
J_—+l 2

By comparing (4.17)—(4.19), it can be observed tinat
following equation is true for both even and odd m:

V, — V. —Zdja g

Based on (8) and (12), the switching function maafethe

three-phase DCMC is derived and demonstrated ii8 Higpr
the sake of simplicity, it is assumed that all id& capacitors
are equal . The current flow model formulates tapacitor
currents as well as input dc current as a functibrthe

switching functions and output currents. This lielat
provides that take place in the converter strucanehelps to
predict the performance of the converter. The curflow

model, as can be seen from Fig. 8,
straightforward, thus can be used in any simulasioftware
instead of the converter itself and considerabtjuces the
simulation run time and eliminates any converggmoblem.

—(12)
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is very simpld a

given by

Ve

v
-—1

Cm-1)|

Tl iy i =1, ...

-m-1

Fig 8: Proposed current flow model of an m-level BMC
L :% [ (2msina)-1)(r sinlat - P(eat) -1, (14

_ p3ho3
in(t) = P3—phase(t): Iin = :7ma| C04¢) “(15)
Voo 4
According to (14) and (15), the average curigriound

from

Icla:?)l400m§¢)) mZ7r—+/4m? =1 —4ny sin” [zmaﬂ (16)

Fig. 9 depicts the normalized average currept@ltos()),

as a function of g and demonstrates that with the phase
opposition disposition (POD) modulation strategye t
capacitors @and C, (C, and G) are being charged
(discharged) all the time regardless of the modhnandex.
Similar results are obtained in the literature With much
more effort and calculations involved. The proposatdent
flow model paves the road for us to develop a neltage

balancing strategy based on SVM which
proposed.

is

Tl
by

Fig 9 Capacitors average currents




The below Figure 9 shows the proposed system wisic
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V. MATLAB/SIMULINK RESULTS

designed in MATLAB.

Stbysen

Contuus

Subgysemd

Load trgue

Rolorspeed (> > > »

<Eectrmaeic foe Te (N'm)p

<o crent s a A

o b

<o curent s ¢ 4

Sheelineter&in!

! 3P NUCTIONHOTOR

Sonped

Stopel.

Fig 9-MATLAB/SIMULINK MODEL OF THE PROPOSED SYSTEM

Above Shows the Five-level inverter fed DC-Linkpaaitor

h voltage at 0.6 modulation index ,0.3 power factiio-Load)

T i3 3 13 12 15 [H

3 013 0 0% 2 0% 0:

)
)

3 113 0 015 Iy 0% 0z
Trigisez)

Fig 12 - Five-level inverter fed induction motor
Characteristics.

Figure 10 Shows the Five-level inverter output agét at 0.6 Figure 12 Shows the Five-level inverter fed indoictmotor
modulation index at 0.3 power factor (No-Load)

i

01 (2 13 03

Treczee)

Fig 10. Five-level inverter

0
r

0% o

5
Triagesl

15 (¥ % [

characteristics & stator currents at @6dulation index, 0.3
power factor (No-Load)

o s 01 3 2 0% 0z
Tireisee)

Fig 13. Five-level inverter output voltage THD
Above Shows the Five-level inverter output voltageD at
0.6 modulation index,0.3 power factor (No-Load)

VI. CONCLUSION

In this paper a simplified Space Vector Pulse Width
Modulation (SVPWM) algorithm has been described and
applied to Five-Level Inverter & in addition to $hDC-link
balancing method is also adopted. Through
decomposition of the Space Vector diagram the cioatelid
Five-Level Space Vector Modulation algorithm is glified
into two level cases. This simplified method hasftillowing
advantages. It reduces the execution time of itrelével
inverter modulation. It allows having memory of the
controller in case of experimental realization. -D&
balancing method adopted for three-level invertemiost
effective and balancing can be obtained for coreplet
modulation index range. The generalized current flaodel

of multilevel inverter & its cost function is uséar DC-link
balancing of five-level inverter. The most impaitaspect of
this algorithm lies in its generality. It can besdsn any high-
level inverter.

the

Fig 11. Five-level inverter fed DC-Link capacitorvoltage

200




1.
121.

3.

[4].
(5]

6.
[7].

8.

[91.

[10].

[11].

[12].

[13].

[14].

[15].

B.Sreenivasa raju currently working as a Assistant Professor in

International Journal of Engineering and Advanced Technology (IJEAT)

REFERENCES

L. M. Tolbert and F. Z. Peng, “Multilevel conversdor large electric
drives,” in oc. IEEE APEC’98, vol. 2, 1998, pp.(6536.

Y. Chen, B. Mwinyiwiwa, Z. Wolanski, and B.-T. OdRegulating
and equalizing dc capacitance voltages in multilsia com,” IEEE
Trans.Power Delivery, vol. 12, pp. 901-907, Apr919
P.Satishkumar, J.Amarnath, SVL Narsimham “ A fasice vector
modulation technique for M-Level inverter, Asianw® electronic
journal, vol.1, April 2010.

S.A.Khajehoddin, A. Bkhsishi, P.K.Praveen Jain, ‘térent flow
model for M-Level diode clamped multilevel convestelEEE 2010
S.A.Khajehoddin, A. Bkhsishi, P.K.Praveen Jain,sifple voltage
balancing scheme for M-Level diode clamped mulélesonverter
based on generalized current flow model” IEEE 2010
Kalpesh.H, Bhaledi, Promod Agrwal, “A space veatoodulation
with DC link balancing control for three level imer” IEEE 2006
J.-S. Lai and F. Z. Peng, “Multilevel converters—a@&w breed of
power converters,” IEEE Trans. Ind. Applicat., \8®, pp. 509-517,
May/Junel1996.

P. M. Bhagwat and V. R. Stefanovic, “Generalizedictre of a
multilevel PWM inverter,” IEEE Trans. Ind. Applicatvol. 1A-19,
pp.1057-1069, Nov./Dec. 1983.

G. Sinha and T. A. Lipo, “A four level rectifieramrter system for
drive applications,” IEEE Trans. Ind. Applicat.,|v80, pp. 938-944,
July/Aug. 1994.

G. Carrara, S. Gardella, M. Marchesoni, R. Salutard G. Sciutto,
“A new multilevel PWM method: A theoretical analysiin Proc.
IEEE PESC’90, 1990, pp. 363-371.

M. Cosan, H. Mao, D. Borojevic, and F. C. Lee, “Spavector
modulation of three-level voltage source invertePfoc. VPEC
Seminar, pp.123-128, 1996.

H. L. Liu and G. H. Cho, “Three-level space vecRMWM in low
index modulation region avoiding narrow pulse peob[' |IEEE
Trans. Power Electron., vol. 9, pp. 481-486, SEp®4.

B. Kaku, I. Miyashita, and S. Sone, “Switching lesmimized space
vector PWM method for IGBT three-level inverterfol. IEE—Elect
Power Applicat., vol. 144, no. 3, pp. 182—-190, Ma@7.

N. Celanovic and D. Boroyevich, “A comprehensivedst of neutral
point voltage balancing problem in three level reepoint-clamped
voltage source PWM inverters,” IEEE Trans. PowescEbn., vol.
15,pp. 242-249, Mar. 2000.

V.T.Somashekar “Digital Signal Processor Applicatido Electric
Drives” titled workshop from 29th Feb. to 2nd MarcB008
Organized by Department of Electrical Engg. DegLT,, Warangal.

Madanapalle Institute of Technology and Scienceaddhapalle. He
received his M.E from Osmania University in Speeation of Industrial
Drives and Control.

M. Lokesh currently workingasa Assistant Professor in Madanapalle
Institute of Technology and Science, Madanaptiereceived his M. Tech

from Jntu college of Engineering, Ananthpur in Sakzation of Power and
Industrial Drives.

201

ISSN: 2249 — 8958yolume-2, Issue-6, August 2013




