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ABSTRACT

Article history:

Space vector modulation technique is one of the best PWM techniques which
have been implemented to the Multilevel inverter circuit to get the purely
sinusoidal cuurent. This is a important algorithm which is implemented in
open wind induction motor. This type of I.M has great impact on Electric
Drive system. SVM is nothing but the technique of switching algorithm. The
Hexagonal space vector modulation has been implemented before, but
elimination of higher order harmonics is not possible. Torque pulsation
arises. Speed control of Induction motor was not smooth. So Dodecagonal
(12) structure developed. A 12 side polygonal space vector structure is meant
for eliminating (6n±1) harmonics in the phase current waveform throughout
the modulating range. A high resolution of PWM technique is proposed
involving multiple 12 sided polygonal (Dodecagonal) structure that can
generate highly sinusoidal voltage at a reduced switching frequency. In this
paper different values of frequencies have been taken for harmonic analysis.
SVM method features a higher level of dc-bus voltage utilization compared
to the conventional PWM.
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1.

INTRODUCTION
The concept of space vector is derived from roataing field of ac modulating the inverter output
voltage. In this modulation technique the three phase quanties can be transformed to their equivalent 2-phase
quantinty either in synchrously rotating frame or stationary frame presented in phasor diagram, Figure 1.
From this 2-phase component the reference vector magnitude can be found and used for modulating the
inverter output. These switching states can be represented by active and zero space vectors, repectively. A
typical space vector diagram has been shown in Figure 1. In the space vector modulation technique, one leg
is actiong as a switch, but when we considering the Higher modulation range, we are seen the Harmonic in
phase current and phase voltage of the system. We are not getting purely sinusoidal current which a Induction
motor required for its speed control. Thats why Dodecagonal (12 sidede)space vector structure in the higher
modulation region came to the research work. The main idea behind SVPWM is to divide the 2D-plane into
tweleve equal areas each of them is called sector In the extreme modulation range, voltage vectors at the
vertices of the outer dodecagon and the vertices from the outer most hexagons is used for PWM control,
resulting in highly suppressed 5th and 7th order harmonics thereby improving the harmonic profile of the
motor current. This leads to the 12-step oαperation at 50Hz where all the 5th and 7th order harmonics are
completely eliminated. At the same time, the linear range of modulation extends up to 96.6% of base speed.
Because of this, and the high degree of suppression of lower order harmonics, smooth acceleration of the
motor up to rated speed is possible. Apart from this, the switching frequency of the multilevel inverter output
is always limited within 1kHz. The middle inverter (high voltage inverter) devices are switched less than25%
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of the output fundamental switching period. Consists of three cascaded 2-level inverters. The proposed
technology is realized by cascading three conventional two level inverters fed from asymmetrical isolated dc
voltage sources value 0.577kVdc, 0.423kVdc and 0.155Vdc as shown in Figure 1

Figure 1. Power circuit of the experimental set up.
The total voltage is 1.155Vdc. Each phase can take four different level. Twelve space vector are
formed by combination of voltage space vectors along three phases.
2. RESEARCH METHOD
2.1. Evolution of Dodecagonal Space Vector
Inverter circuit topology capable of generating multilevel dodecagonal (12-sided polygon) voltage
space vectors by the cascaded connection of two-level and three-level inverters. By the proper selection of
DC-link voltages and resultant switching states for the inverters, voltage space vectors whose tips lie on three
concentric dodecagons, are obtained. A rectifier circuit for the inverter is also proposed, which significantly
improves the power factor. The topology offers advantages such as the complete elimination of the fifth and
seventh harmonics in phase voltages and an extension of the linear modulation range. In this study, a simple
method for the calculation of pulse width modulation timing was presented along with extensive simulation
and experimental results in order to validate the proposed concept. The 12-step operation at rated voltage
operation, leading to the complete elimination of 6n±1 harmonics. (n=odd) from the phase voltage. The total
harmonic distortion, or THD, of a signal is a measurement of the harmonic distortion resent and is defined as
the ratio of the sum of the powers of all harmonic components to the power of the fundamental frequency. By
taking the different frequency different phase voltage and phase current has been noted down for the analysis
of total harmonic distortion. There should be the measurement of THD for getting pure sinusoidal current.
SVM algorithm is Implemented the sequence of switching operation of Inverter.so that with overmodualtion
range we can get pure sinusoidal current. It’s implemented on V/F control of Induction motor.

Figure 2. Dodecagonal space vector modulation structure
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The switching time and corresponding switch state for each power switch is calculated in Matlab2012. The matlab code firstly identifies the sector of the reference voltage. The time of application of active
and zero vectors are then calculated.
2.2. Programme for 12-sector Identification
Function[ s1,s2,s3,s4,s5,s6,s7,s8,s9,s10,s11,s12]=fcn(n)
if n=0,s1=1:else s1=0;end.
If n=1if ,s2=1:else s2=0;end.
if n=2,s3=1:else s3=0;end.
if n=3,s4=1:else s4=0;end.
if n=4,s5=1:else s5=0;end.
if n=5,s6=1:else s6=0;end.+
if n=6,s7=1:else s7=0;end.
if n=7,s8=1:else s8=0;end.
if n=8,s9=1:else s9=0;end.
if n=9,s1=1:else s10=0;end.
if n=10,s1=1:else s11=0;end.
if n=11,s1=1:else s12=0;end.
:S” stands for sector.
There are 12 principal voltage space vectors from this topology. A reference vector lying in a sector
can be generated by time averaging the two principal voltage space vectors encompassing the sector.
3. RESULTS AND ANALYSIS
The current controllers produce the voltage references in the d-q rotor reference frame. The voltage
references Vd and Vq are transformed to the stator two phase (αβ) reference frame to give the reference
voltages Vα and Vβ. These voltage references are the inputs to the switching intervals.
A-PHASE
α

B-PHASE
β

C-PHASE

(

Now to the three phase system is converted to two phase (d-q) system and then start or two phase
)to maintain volt-time ratio constant.

3.1. Switching Status for Different Level of Pole Voltage of One Phase
Pole voltage
1.155Vdc
1.0kVdc
0.577Vdc
0 Vdc

level
3
2
1
0
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1
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1
1
1
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S11, S21, S31 are the bidirectional self commutating switches and the unsymmetrical dc voltage
level has been shown in Figure 1.
3.2. Switching Circuit Simulation

The A, B, C are the three phasevoltage supplying to the Induction motor and “o”corresponds to the
pole voltage of repectivephase. HereVao, Vbo, Vco are the diffent pole or leg voltage of the Inverter.
Figure 2. Three pole voltages are shown for 60 degree at 35 Hz operation

Figure 3. Simulink diagram of Dodecagonal space vector modulation
By taking the frequency at 35Hz, asymmetry pole voltage has been found out. In ‘A’ phase the
voltage level fluctuate between levels ‘3 ’ and ‘2 ’, and in ‘C’ phase the voltage level fluctuates between
levels ‘1’ and ‘0 A digital signal processor (DSP), TMS320LF2812 is used for experimental verification. For
different levels of output in the pole voltage, three carriers are required. However, it is difficult to synthesize
three carrier waves in the DSP, as such only one carrier is used and the modulating wave is appropriately
scaled and level shifted. This simulation analysis is done by Simulink MATLAB-2012.The sequence in
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which the switches are operated are as follows: (200), (210), (211), (311), (321), (311), (211),(210), (211),
(311), (321), (211), (221),(321), (221), (210), (220), (221), (321),(331), (221), (220), wherethe numbers in
brackets indicate thelevel of voltage. This sequence corresponds to 2 samples per sector.with the range
between 20Hz-40Hz.
2 samples per sector.Beyond 40Hz: 1 sample per sector-extending up to final 12-step
mode.Individual inverters are switched less than half of the total cycleWith low switching frequency for high
power drives, the (6n
1) harmonics in the current waveform can produce torque pulsation in the drive.
The problem is particularly severe in over-modulation region where the (6n 1) harmonics constitute a major
portion of the total current. A 12-sided polygonal space vector structure for IM drive has already been
proposed using conventional 2-level inverters. This has the advantage of eliminating all (6n
1) harmonics
in the phase current waveform throughout the modulating range. However, one drawback of the scheme is
the high dv/dtstress on the devices, since each inverter switches between the vertex of the 12-sided polygon
and the zero vector at the centre. Thus it has been observed that with increased linear modulation range, less
switching frequency and improvedharmonic spectrum, the proposed concepts may be considered as an
interestingaddition to the field of multilevel inverters for high/medium voltage high power applications.
3.3. Harmonic Performance of Phase Voltage and Phase Current which is Feeding to Induction Motor
T.H.D.on
Wave form

Frequency

Vp
Ip
Vp=75.4%

15

Ip=24.49%

Vp=27.5%
30

Ip=10.59%

Vp=13.47%
45

Ip=14.6%

Vp=17.54%
50

Ip=19.54%

Figure 4. THD analysis can be studied by taking different frequencies
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This Total Harmonic Distion gives the idea about the different spectrum and represt that outer
envelop of waveform at lower frequencies become inner envelop of at higher frequency. The Harmonic
spectrum of phase voltage and phase current shows the absence of peaky harmonic through out the
range.complete absence of the 6n 1(n=odd) harmonics is observed. The motor current at rated frequency
operation is nearly a pure sinusoidal waveform as the harmonics are very low.
4. CONCLUSION
By the proper selection of DC-link voltages and resultant switching states for the inverters, voltage
space vectors whose tips lie on three concentric dodecagons, are obtained. A rectifier circuit for the inverter
is also proposed, which significantly improves the power factor. The topology offers advantages such as the
complete elimination of the fifth and seventh harmonics in phase voltages and an extension of the linear
modulation range. In this study, a simple method for the calculation of pulse width modulation timing was
presented along with extensive simulation and experimental results in order to validate the proposed concept.
SVM is a popular choice in the inverter control. A trade-off is required to maintain the quality of the inverter
output voltage without resorting to higher switching frequency. In this regard, a dodecagonal space vector
diagram is very desirable that eliminates all the 5th and 7th order harmonics from the phase voltage, leaving
the next set of harmonics at (12n±1), n=integer. But the main disadvantage is it will show more dv/dt stress
which will lead to EMI (Electro Magnetic Interference) Problems. Genarally we are implementing on
Electric Drives system only.
REFERENCES
[1] Hariram, NS Marimuthu. Space vector switching patterns for different applications a comparative analysis. Proc.
IEEE International Conference on Industrial Technology, Hong Kong. 2005: 1444-14.
[2] AM Trzynadlowski, RL Kirlin, SF Legowski. Space vector PWM technique with minimum switching losses and
avariable pulse rate [for VSI]. IEEE Trans. Industrial Electronics. 1997; 44(2): 173-181.
[3] AtifIqbal, AdoumLamine, ImtiazAsharf, Mohibullah. MATLAB/SIMULINK model of space vector pwm for threephase voltage source inverter. Proc UPEC. 2006: 1096-1100.
[4] AR Bakhshai, HR Saligheh Rad G Joos. Space vector modulation based on classification method in threephasemulti-level voltage source inverters. IEEE. 2001.
[5] Fei Wang, Senior Member. Sine-Triangle versus Space-Vector Modulation for Three-Level PWM Voltage-Source
Inverters. The 27th Annual Conference of the IEEEIndustrial Electronics Society. IEEE transactions on industry
applications. 2002; 38(2).
[6] KVinoth Kumar, Prawin Angel Michael, Joseph P John, Dr S Suresh Kumar. Simulation and comparison of
spwmandsvpwm control for three level inverter. ARPN Journal of Engg.And Applied Science. 2010; 5(7).
[7] P Tripura, YS KishoreBabu, YR Tagore. Space vector pulse width modulation schemes for two-level voltage source
inverter. ACEEE Int. J. on control system and instrumentation. 2011; 02(03).
[8] Sanjay Lakshminarayanan, Gopal Mondal, PN Tekwani, KK Mohapatra, K Gopakumar. Twelve-sided polygonal
voltage space vector based multi-level inverter for an induction motor drive with common-mode voltage
elimination. IEEE Transactions onIndustrial Electronics. 2007; 54(5): 2761-2768.
[9] SurinKhomfoi, Leon M Tolbert. Multilevel Power Converters Book. The University of Tennessee.

BIOGRAPHY OF AUTHOR
Mrs. Babita Nanda received the B.E.in Electrical Engineering from KITS, Utkal University,
Odisha in 2001. M.Tech. in Power Electronics and Machine Drives from the Indian Institute of
Technology Delhi, India, in 2008.She is a Life member of ISTE. Presently working as HOD in
the Electrical and Engineering Department. Malla Reddy College of Engineering for Women,
Hyderabad, Andhra Pradesh.

Total Harmonic Distortion of Dodecagonal Space Vector Modulation (Babita Nanda)

