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Inverters are used as DC/AC converters to contexjufency and amplitude of t
voltage applied to ac loads. There are many agfit® where two or more ac loa
require independent control. Hence a rémétch three leg inverter is capable
generating six phase output voltage (two groupghogée phases) from the sing

common dcbus is proposed. The proposed configuratic used to give a steady
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output voltage to the AC machines with low compigxihigh reliability and higt
efficiency. In this paper, the comparison of PWM and SVPWM ehiitg technique
used for this inverter topology are discussed afat the implementation of tr
proposed drive the MATLAB/SIMLINK environment hagdn used. The performar

of the inverter is verified in terms of waveformesveéloped by the mot
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INTRODUCTION

In many applications such as varie-speed
wind-energy conversion syster(Chinchilla, M.,
2006) and hybrid electric vehicléali Emadi, 2006;
Oak Ridge National Laboratory, 20), two inverters
are used for power conversion. In these applicaf
two AC loads are connected to a common DC
through the inverters. While 12 semiconduc
switches are needed for implementation of
inverters, several integrated dual output irers
have been proposed by researchers to reduce si:
cost of power converters in these applicationse
leg inverter with ten semiconductor switches is
example of integrated convertet®fes, M 2008).
In, another duabutput inverter includinconly nine
switches was proposed for control of two mo!
independently Kominami, T. and Y. Fujimotc
2007) (Fig. 1). This ninswitch inverter (NSI) hav
been proposed to reduce the cost and siz
converters. Nine switch inverter(Dehghan, S.M.,
2010; Liu, C., 2009konsists of three legs and ni
switches. It consists of higher, middle and lo
switches. The higher switches are used to supdy
motor, the lower switches are used to supply se
motor. The middle switches are shared between
the motors. Based on the supply used the ninels
inverters are used in various applications. Thes
switch inverter is used as an AC/AC conve|(Liu,
C., 2009; Congwei, L., 2009which has the

advantages such as sinusoidal steady inputs
outputs, unity power factor and low cost due tes
number of semiconductor switches. The perform:
of nine switch inverter can be improved by us
space vector width modulatio(Dehghan, S.M.,
2010). Themodulation of carrier and reference sig
is used to produce pulse width modulated outpug.
closed loop speed control method will provide ste
speed even in the unstable raThe main problems
faced are about the reduction of harmonic conte
inverter circuits. The conventional square w
inverter used in low or medium power applicatir
suffers from a serious disadvantage such as |
order harmonics in the output voltage. One of
solutions to enhance the harmonic free environt
in high pwer converters is to use PWM cont
techniques.PWM switching strategies not ¢
addresses the primary issues viz, less THD, efle
dc bus utilization etc but also take care of seaon
issues like EMI reduction and switching loss. I-
time method ® PWM generation can be broac
classified into Triangle comparison based P\
(TCPWM) and Space Vector based PV
(SVPWM). In SVPWM methods, the volta
reference is provided using a revolving refere
vector. In this case magnitude and frequency of
fundamental component in the line side
controlled by the magnitude and frequer
respectively, of the reference voltage vector.
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vector modulation utilizes dc bus voltage more oigfitly and generates less harmonic distortion.

Fig 1: Nine Switch Inverter topology.
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Fig.2: Reference signal for inv1 ,inv 2 and carrier signa

[1. Nine Switch I nverter Operation:
2.1Basic Structure;

The structure of thenine-switch inverter is [Il. Carrier Based Pwm Method:
presented in Figure 1. This consists of two three- The carrier based PWM control method for a
phase inverters combined with three common nine-switch inverter is shown in Fig. 3. Thereare t
switches (SAU, SBV, and SCW). The upper portion reference signals for every phase. The upper and
in Fig. 1 is callednvl, and the lower part is called lower reference signals are related to upper and
Inv2. The Invl consists of switches SA, SB, SC, lower outputs respectively. The gate signal for the
SAU, SBV, and SCW andnv2 consists of the upper switch of a leg is generated by comparing the
switches SAU, SBV,SCW, SU, SV and SW. The carrier signal and the upper reference signal ef th
balanced loads are supplied from these inverters. corresponding phaseViefUJ).Similarly, the gate

signal for lower switch is generated from the arri

2.2Method of PWM Realization: signal and lower reference signal of the relatealsph

The conventional triangular carrier based PWM (VrefLJ). The gate signal for mid switch is generated
method is adopted for upper and lower inverter. Theby the logical XOR operation of the upper and
two sinusoidal reference signals are required forlower switches. With this method, in each inverter
controlling the output voltages of this invertereTh leg, two switches are always ON. Fig. 4 shows
pulse width modulation ofnvl is obtained at the carrier based PWM method switching vectors. There
upper part of a triangular wave, and the pulselwidt are six vectors in each switching cycle for both
modulation oflnv2 is calculated at its lower part, as outputs: two non-zero vectors, one zero vectors
shown in Fig. 2. Let voltage reference flowl is (000), two none-zero vectors and one zero vector
Varef @nd reference fotnv2 is V. Assume that (111) {two active — short zero (000) — two active —

V aret @Nd \jf @re given by long zero (111)}. When one of the outputs have an
VA" = Assin( 2tft +o;) active or short zero (000) vector, the other outas
V™ = Assin( 2tf,t +¢, ) long zero (111) vector.

wherAl, A2 are amplitudes,fl, f2, are
frequencies, and; , ¢, are phase angle. V. Svpwm For Nine- Switch Inverter:

The gating signal for the switch SA is generated The combination of switching vector of both
by comparing reference signal {) with the upper  outputs in Fig.4 creates a specific sequence asrsho
half of the triangular waveform. Similarly, by in Fig. 5. This sequence is used to design SVM
comparing lower reference signal () with lower method. There are 12 vectors in each switching
half of the triangular waveform to get the pulse fo cycle: two upper activeMAU) ,zero {/Z): two upper
switch SU. The modulation for upper inverter is in active {§AU) , zero ¥2) ; two lower active
the range 0 to 1 while for lower inverter it is rinc0 (VAL),zero ¥2); two lower active YAL),zero ¥2)}.
to -1. The gating signal for the middle switches is Other switching vectors are listed in TABLE I. The
obtained by XOR operation of the two signals vectors V1-V6 are upper active vectors. In these
obtained from upper and lower switch. vectors, the upper output is in active state, drad t

lower output is in zero state. There is an invéoge
in lower active vectors\{7-V12). In zero vectors
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(V13-V15), both outputs are in zero state. An inverter semiconductors in these states is illustrated in
leg may be in {1}, {0} or {-1} states. The state of TABLE Il
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Fig. 3: Carrier based PWM method for nine-switch inverter.
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Fig. 4: Carrier based PWM method switching vector.

TABLE I
SVM SWITCHING VECTORS

Vector Tez A Iees B Leg C Type
1 1 o o Upper Active
2 1 1 o Upper Active
3 o 1 o Upper Active
4 o 1 1 Upper Active
s o o 1 Upper Active
I3 1 o 1 Upper Active
7 -1 1 1 Lower Active
B -1 -1 1 Lower Active
El 1 -1 1 Lower Active
10 1 -1 -1 Lower Active
11 1 1 -1 Lower Active
12 -1 1 -1 Lower Active
13 1 1 1 Zero
14 o o o Zero
1s -1 -1 -1 Zero

TABLET

STATE OF SWITCHES IN TABLE | VECTORS,

SJU SJM SJL
I ON OFF ON
0 OFF ON ON
-l ON ON OFF

Fig.5: SVM switching vector sequence.
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Fig.6: Space vector diagrams for nine switch invertetJpper output, b)Lower output.

To determine correct active vectors, two space
vector diagrams are proposed as shown in Fig. 6. Th
diagram (a) and (b) are used to determine the uppef. =

and lower activevectors respectively. The SVM
active vectors are determined with regard to locati
of the upper reference signalréfU) in the diagram
(8 and the lower reference signalréfL ) in the
diagram (b). The reference signals for the upper an
lower outputs are defined as:

Vref U =Vref Uz<U 1)
Vref L = Vref Lz<L (2)
where

aU=2r fU t +oU 3)
aL=2nfLt+oL (4)

wherdUand fLare the frequencies, anglJand
oLare the phases. All zero vect®d$3, V14 andV15
can be used for zero states.

The switching time intervals of vectors are
calculated as:

T2=2 m, Tsin € —o,) (5)

T =2 m, T sin @) (6)
To=2 m T sin € o) )

To=2 m, T sin @) ®)

To=T-Ti-To-Ts—Ty )

wherd1l and T2 are the time interval of upper
active vectors,T3, T4 are time of lower active
vectors,To is time of zero vectors andis switching
period.mUandmL are modulation index and defined

by:

Hﬁ

_ZVT:ifU (10)
2V“r/eif L (11)

The sum of active vector time intervals must be
less or equals td@. Thus, the following constrain

must be satisfied:
(Mg m) <=~ 1.155 (12)
There are two odd active vectoigl( V3, V5,
V8, V10 andV12) and two even active vector¥Z,
V4, V6, V7, V9 andV11) in a switching sequence. In
an even active vector, two legs are in state {1Bilev
only one leg is in state {1} in an odd activevectibr
even active vectors are placed nexti8, number
of switching will be reduced even more.

V. Simulation And Results:

Space vector PWM is an advanced technique
used for variable frequency drive applications. It
utilizes dc bus voltage more effectively and getesra
less total harmonic distortion. SVPWM utilize a
chaotic changing switching frequency to spread the
harmonics continuously to a wide band area so that
the peak harmonics can be reduced greatly. The
Simulink model of Space Vector Pulse width
modulated nine switch inverterfed Induction Motors
is shown in Figure-8. The phase voltage and phase
current are shown in Figures 9and 10 and the line
voltage and line current are shown in figures 16 an
11, respectively.

e

Fig. 7: Simulink model of closed loop SVPWM nine switch énter.

Finally performance of SVPWM has been
compared with conventional PWM. The % THD for

measured the current THD% of closed loop PWM is
reduced by 10% by employing closed loop

PWM and SVPWM are measured and tabulated asSVPWM technique.

shown

in table. Therefore from the parameters
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Table 1: Comparision of pwm and svpwm.

Control technigues % voltage THD % current THD
PWM OPEN LOOP 83.07 43.67
PWM CLOSED LOOP 112.80 12.94
SVPWM OPEN LOOP 77.19 17.05
SVPWM CLOSED LOOP 57.75 2.56

Fig. 8: Phase voltages of both upper and lower load

Fig. 9: Phase current of both upper and lower load.

Fig. 10: Line voltages of upper and lower load.

Fig .11:Line current of both upper and lower load

V. Conclusion: Space Vector PWM with conventional SPWM for
Space vector Modulation Technique has becomenine switch inverter is carried out. The Simulation
the most popular and important PWM technique for study reveals that SVPWM gives 10% enhanced
the control of AC Induction, Brushless DC, Switched fundamental output with better quality i.e. lesser
Reluctance and Permanent Magnet SynchronousTHD compared to SPWM. PWM strategies viz.
Motors. In this paper first comparative analysis of SPWM and SVPWM are implemented in
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MATLAB/SIMULINK software and its performance Dehghan, S.M., M. Mohamadian, A. Yazdian,
is compared with conventional PWM techniques. 2010. “Current-type nine switch inverters”, J. Powe
Owing to their fixed carrier frequencies, Electron.

conventional PWM strategies, there are cluster Dehghan, S.M., M. Mohamadian, Yazdian,
harmonics around the multiples of carrier frequency 2010. "A Hybrid electric vehicle based on
PWM strategies viz. Sinusoidal PWM and SVPWM bidirectional Z-source nine-switch inverter”, IEEE
utilize a changing carrier frequency to spread theTrans. Veh. Technol.

harmonics continuously to a wideband area so that Nho, N.V. and M.J. Youn, 2006.
the peak harmonics are reduced greatly. The inheren‘Comprehensive study on space-vector-PWM and
advantages of the nine switch inverter are its costcarrier-based-PWM  correlation in  multilevel
effectiveness and improved reliability due to less invertors” IEEE Proc.-Electr. Power Appl., 153(1):
switch count. 149-158.
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