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Abstract
The paper presents dSPACE controlled Induction motor drive fed through Discontinuous pulse width modulation (DPWM) algorithm
based voltage source inverter. Two important performance measuring factors harmonic distortion in line current and dc bus
utilization of the inverter can be improved with Discontinuous PWM approach in comparison with the popular conventional space
vector (CSVPWM) approach; the paper contemplates on the implementation of DPWM algorithm for pulse generation which in turn
are fed to intelligent power module that feeds the motor drive through DS1104 PPC603e/ 250 MHz control desk. The results conclude
the successful implementation of dSPACE Controlled induction motor drive. To validate the proposed work, numerical simulation

including the experimental resultsis presented.
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1. INTRODUCTION

With the inventions of fast switching power semidoator
devices and motor control algorithms, emerging rege
instituted among researchers in the area of PWMnigaes.
During the past decade several PWM algorithms Haeen
studied extensively. Various PWM methods have been
developed to achieve wide modulation range, lestcising
loss, improved total harmonic distortion (THD) wigase in
digital implementation with less computation burdem the
controller. A large variety of algorithms for PWMist, and a
survey of these was done in [1]. There are two [@pu
approaches for the implementation of PWM algorithms
namely triangular comparison (TC) approach andepactor
(SV) approach. For a long period, TC approach b&s&t
methods were widely used in most applications. &asdiest
modulation signals for TC approach are sinusoiBait, the
addition of the zero sequence signals to the sidaksignals
results in several non-sinusoidal signals. Companeth
sinusoidal PWM (SPWM) algorithm, non-sinusoidal PWM
algorithms can extend the linear modulation raragdifie-to-
line voltages. Different zero-sequence signals teadifferent
non sinusoidal PWM modulators [2]. In this paperspu
generation through dSPACE control desk is doneDig¥WM
algorithm, which in turn generates the requiredraltage by
means of intelligent inverter module (PEC16DSMO0TIhe
performance of the motor is tested at different atatibn
indices ranging from low, medium to high. Simulatiand
experimental results of pulse pattern for a-phasegulating
waves of phase a, b are also presented.

With the development of digital signal process@¥PWM
has become one of the most popular PWM methodthfee-
phase inverters [3]-[4]. It uses the space vecppr@ach to
compute the duty cycle of the switches. The maatuies of
this PWM algorithm are easy digital implementatan wide
linear modulation range for output line-to-line tages. The
equivalence between TC and SV approaches wereratebo
in [5] and concluded that SV approach offers margrees of
freedom compared to TC approach.

While, SVPWM gives superior performance, switchiagses

in the inverter are more as it generates continyouises
(modulating signal). Hence, to reduce the switcHogses of
the inverter, discontinuous PWM (DPWM) methods are
considered. The generation of these DPWM algoritf613]

can also be considered. However, this paper prestet
results of CSVPWM along with few Discontinuous PWM
algorithms for induction motor using the convengibnotion

of sector selection.

2. CONVENTIONAL SVPWM ALGORITHM

The main purpose of the voltage source inverterl\&Sto
generate a three-phase voltage with controllablglitude,
and frequency. A conventional 2-level, 3-phase f¢gHding a
three-phase induction motor is shown in Fig 1.

From Fig.1, it can be observed that the two switgtdevices
on the same leg cannot be turned on and cannatrbedt off
at the same time, as this condition will result short
circuit/open circuit to the connected phase. Tingsrature of
the two switches on the same leg is complementahe
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switching-on and switching-off sequences of a dhittg
device are represented by an existence functioighwiias a
value of unity when it is turned on and become® zehnen it
is turned off. The existence function of a VSI caisipg of
switching devices Tis represented by, 3 =1, 2, ... 6. Hence,
S;, S which take values of zero or unity respectivelyg tre
existence functions of the top device)(&nd bottom device
(T,) of the inverter leg connected to phase ‘a’.

%, a [ 1™

Fig-12-level, 3-phase voltage source inverter feeding
induction motor

SI+$ =L F+35=L S+5=1 @)

As seen from Fig 1, there are totally six switchiteyices and
only three of them are independent. The combinatiotihese
three switching states gives out eight possibl¢éagal vectors.
At any time, the inverter has to operate one ofe¢heoltage
vectors. Out of eight voltage vectors, two are zeottage
vectors (\y and V) and remaining six (Vto V) are active
voltage vectors. In the space vector plane, all vbitage
vectors can be represented as shown in Fig 2.

For a given set of inverter phase voltageg.,(Von Vcn), the
space vector can be constructed as

.21 A

I— J
Vs ==|Van +Vpne 2 +Vge 3 (2

wln

From (2), it is easily shown that the active voltagctors can
be represented as

wherek=1,2,...,6 3)

By maintaining the volt-second balance, a combamatof
switching states can be utilized to generate angsample in
an average sense during a sub cycle. The voltagjern

in Fig.2 represents the reference voltage spaceowvear
sample, corresponding to the desired value of uhddmental
components of the output phase voltages. But, tieneo
direct way to generate the sample and hence thplsaran be
reproduced in the average sense. The referencervect
sampled at equal intervals of tindg,referred to as sampling

time period. Different voltage vectors that canpbeduced by
the inverter are applied over different durationghwin a
sampling time period such that the average vectodyzed
over the sub cycle is equal to the sampled valuehef
reference vector, both in terms of magnitude arglearis all
the six sectors are symmetrical, here the discogsidimited

to sector-I only. Lefl; andT, be the durations for which the
active states 1 and 2 are to be applied respegtineh given
sampling time periodg. Let T, be the total duration for
which the zero states are to be applied. From theiple of
volt-time balancdy, T,and T, can be calculated as:

V3 V2
(010) (110)
Sector 3 Sector 1
V0 (000) v Vi
Vi V7 (111) X100)
(011 2 q
Sector 4 3 >
J Sector 6
Sectpr §
Vs V6
(00D vd (101)
Fig -2 Voltage space vectors produced by a voltage source
inverter
T, = A3, [s n60° - a)]TS @)
T
23
T2 == =M[sn@]r (5)
T, =Ts-T1-T, (6)

Where M is the modulation index and is given in (7).

- 2V ref
3’\/dc

M ()

In the SVPWM algorithm, the limit for modulationdax is
0.866 [1]. In the SVPWM strategy, the total zeroltage
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vector time is equally distributed betweepand 4. Further,
in this method, the zero voltageector time is distribute
symmetrically at the start and end of the sub cyolea
symmetrical manner. Moreover, tminimize the switching
actionsof the inverter, it is desirable that switching sl
take place in one phase of the invedbould takeplace only
for a transition from one state to another. ThU&PWM uses
0127-7210 in first sector, 03277230 in second sector and
on. Tablel depicts the switching sequence for all the se:

Table 1: Switching sequences in all sectors for SVP!

Sector number seq(ag;me Off-sequence
1 0-1-2-7 7-2-1-0
2 0-3-2-7 7-2-3-0
3 0-3-4-7 7-4-3-0
4 0-5-4-7 7-4-5-0
5 0-5-6-7 7-6-5-0
6 0-1-6-7 7-6-1-0

Also, with the SVPWM algorithm, thdinear modulatior
range and dc bus utilizatimompared with traditional SPW
can be increased [1].

3. PROPOSED PWM ALGORITHM

As the CSVPWM is aantinuous PWM technique, switchil
losses of the inverter are high. Where as in DPW#&thads
during each sampling period, each of the phasesesethe
modulation and the associated phase is clampégbtpdsitive
dc bus or negative dc bus. Hence, thetaving losses of th
associated inverter leg during the period of clamgpare
eliminated. The performance of the PWM methods dédg
upon the modulation index. In the lower modulatiange, the
CPWM methods are superior to DPWM methods, whilthé
higher modulation range the DPWM methods are supeoi
CPWM methods. However at all the operating modoite
indices, CPWM method has higher switching lossemn
DPWM methods.Hence, to reduce the switching losses ol
inverter, now-a-days discontinuousPWM (DPWM)
algorithms are becoming popular. The generatiortheke

DPWM algorithms is given in detail in [§B]. In the proposed

method the zero state timezi§ divided between two zel
states as ;IX for VO and Tz(l-X) for V7 respecvely, where X

lies between 0 and tansidering different values for X in tl
range of 0 to 1 generates different DPWM me

T (1-X) @

Where
X= 0.5 for CSVPWM

T0=0.5Tz and T7=0.5T

The total zero state time is spent equally in the zerostates
Voand

With X=0, VO=0 and ¥= Tz anc
When X=1,V0=Tz and \7=0

i.e; only one zero state is utilized with X=1 ,fany othel
value between Oand 1 except

When X = 1 any each dhe phas is clamped to the positive
bus for 120 dgrees and when and X = 0 each p is
clamped to th negative bus for 120 degrees continuously
in a cycle.The modulation waveforms and their zero sequ
signals of few popular DPWM methoincluding CSVPWM
method are shown in Figt-2.

4. SMULATION RESULTSAND DISCUSS ONS

To validate the proposed PWM algorithmsnumerical
simulation is performedising Matlal-Simulink. To maintain
constant average switching frequency, the switchiagueny
of SVPWM algorithm is takens 10KZ.For simulation, dc
link voltage is taken as 600 V. Thimulation results of the
conventional SVPWM algorithm is shown Fig.3 — Fig4
.Here modulating waveforms and pole voltages of theite
have shown. From theesults it is concluded that SVPW
algorithm generates continuous modulating wave ancé
continuous pulses to the inverter ahence gives more
switching losses ithe invertel

Fale Vollnges (V)

Timeisec)

Fig-3 Simulation Resultsf CSVPWM Algorithm modulating
waves
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Fig- 4 Simulation Results of Propose®EPWM Algorithm
Pulses
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Fig-5 Simulation ResultsfdProposed DPWMMIN Algorithn
modulating waves
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pulse voltages

Fig-6 Simulation ResultsfdProposed DPWMMIN Algorithn
modulating waves
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Fig-7 Simulation Results of Propos&@PWMMAX
Algorithm modulating wave

pulse voltages
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Fig-8 Simulation Resultsf Proposed DPWMMAX
Algorithm modulating wave

5. HARDWARE IMPLEMENTATION RESULTS
AND DISCUSSIONS

The experimeratl setup of the proposesystem is shown in
Fig.5. The proposedlgorithm has been implemented us
the rapid prototyping and real time interface sysdSPACE
with DS1104 control card>S1104 controller card is built by a
German company called dSPACE. It is a powerful esy
which provides rapid control prototypinand Hardware-In-
Loop (HIL) simulations which can be used for maiifjedent
applications.The obvious advantages of using hardvin-
loop simulations is that performance of systems bta
compared both practically and theoreticall DS1104
Controller Boad comes with software packages called F
Time Workshop and Control De: DS1104 control card
includes the PowerPC 603e/250 MHz main processadr
Texas instruments TMS320F240 sub processor.DS
control cards allowsthe userto construct the system in
MATLAB/Simulink and then to corert the model files to
realtime codes using the Re«Time interface(RTI) of the
control.

The DPWM algoithm has been implemented usidSPACE
board wih TMS320F24. The dSPACE works on
MATLAB/SIMULINK  platform which is a comme
engineering software and easy to understand. Ar feature
of the dSPACE is the control desk which allows gingphical
user interface, througthe control desk the user can obse
the response of the system, give commandhe system
through this interface. Real time interface is meskdor the
dSPACE to work. RTI is the link between dSPACE'sl-
time systems and the development software. MATL
Simulink from the Math Work Power circuit for the drive
consist a Semikron IGB based voltage source inverter w
optodisolation and gate driver circuit SKHI2Z The dc
voltage for the VSI is achieved through a tl-phase diode
bridge rectifier moduleA capacitive filter is used at the
link of this module to reduce the volt ripples.
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The motor used in this experimental investigatisraithree
phases, 3KW, 4 pole squirrel cage induction maghine

The CSVPWM Pulses are first designed in
MATLAB/SIMULINK environment and relevant coding is
written to generate the pulses and by using dSPA@&vare
conversion tool the M-files are converted in to theoding.
Thus, the triggering pulses are given to the irareand the
induction motor is driven by Voltage Source InverfeSl).
From the test done, control of induction motor was

successfully implemented using dSPACE.

|
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Fig -9 Real Time Implementation
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Fig-13 Real Time Results of DPWMMIN

CONCLUSIONS

Simulated DPWM algorithm has been developed, sitiwra
and hard ware results are presented in this papee.
conventional space vector pulse width modulatiggo@ihm
gives more switching losses and total harmonicodisin.
where as in DPWM methods during each sampling derio
each of the phases ceases the modulation and sbeiasd
phase is clamped to the positive dc bus or negato/éus.
Hence, the switching losses of the associated tewvdeg
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during the period of clamping are eliminated. Thdrg
reducing switching losses to H3with the CSVPWM.
Moreover, the proposed algorithm uses sector anglean
calculations requires the angle and sector caionk and
hence involved rigorous calculation taken by thatamler.
From the test done, control of induction motor was
successfully implemented using dSPACE which meéais t
process is feasible. Speed of the Induction mat@ontrolled
successfully by varying the frequency or voltagedeglaring
these two as control parameters in the dSPACE alodésk
without disturbing the hard ware setup which iseatty
running.

ACKNOWLEDGMENTS

The authors are thankful to the AICTE and Managenaoén
Rajeev Gandhi Memorial College of Engg And Techdim

Pradesh, India for sanctioning fund to carry ous tiwork

under RPS scheme and providing necessary facitiesrry
this work.

REFERENCES

[1] Joachim Holtz, “Pulse width modulation — A survey”
IEEE Trans. Ind. Electron.., vol. 39, no. 5, Dec 1992,
pp. 410-420.

[2] Grahamme Holmes and T.A. Lipo, “Pulse width
modulation for power converters” IEEE press, 2004.

[3] Heinz Willi Vander Broeck, Hnas-Christoph Skudelny
and Georg Viktor Stanke, “Analysis and realizatidra
pulse width modulator based on voltage space v&ctor
IEEE Trans. Ind. Applicat., vol. 24, no. 1, Jan/Feb 1988,

pp. 142-150.
[4] P.G. Handley and T.J. Boys, “Space vector modulatio
An engineering review” IEE " International

Conference on Power Electronics and Variable Speed
Drives, Conf Pub 324, 1990, pp. 87-91.

[5] G. Narayanan and V.T. Ranganathan, “Triangle
comparison and space vector approaches to pulgh wid
modulation in inverter fed drive”Journal of Indian
Institute of Science, Sept/Oct 2000, pp. 409-427.

[6] Ahmet M. Hava, Russel J. Kerkman and Thomas A.
Lipo, “Simple analytical and graphical methods for
carrier-based PWM-VSI drivestlEEE Trans. Power
Electron., vol. 14, no. 1, Jan 1999, pp. 49-61.

[71 Ahmet M. Hava, Russel J. Kerkman and Thomas A.
Lipo, “A high-performance generalized discontinuous
PWM algorithm” IEEE Trans. Ind. Applicat., vol. 34,
no. 5, Sep/Oct 1998, pp. 1059-1071.

[8] Keliang Zhou and Danwei Wang, “Relationship
between space-vector modulation and three-pahse
carrier-based PWM: A comprehensive analysiSEE
Trans. Ind. Electron., vol. 49, no. 1, Feb 2002, pp. 186-
196.

BIOGRAPHIES

J.Jona is born in 1983 in India. Presently she
is doing post graduation in Power Electronics
and Electrical drives Specialization at RGM
College of Engineering and Technology,
Nandyal. Her main areas of interest include
Induction motor drives, Electrical machines,
power Electronic converters and Power Electronieod3r

E-mail: jona_jana@yahoo.co.in

Y.Chintu Sagar is born in 1989 in India .He
is graduated from RGM College of
Engineering and Technology, Nandyal in
2010.Presently he is doing post graduation in
Power Electronics and Electrical drives
Specializaton at RGM College of
Engineering and Technology, Nandyal. His main arehs
interest include Induction motor drives, Electricahchines,
power Electronic converters and Power Electronitvé E-
mail: chintu215@gmail.com

Dr. K.Sri Gowri received the B.Tech degree
from SVU college of Engineering, Tirupati in
1997, the M.Tech degree from RGM College
of Engineering and Technology, Nandyal and
has been awarded Ph.D in the area of Power
Electronic Control of Electric Drives from
JNTU Kakinada in 2010. She is currently Professorthie
Department of EEE in RGMCET, Nandyal, A.P. Her aref
interest include Power Electronics, Pulse Width Mation
Techniques, Drives and Control, Renewable Sourcks o
Energy. E-mail: gowrivasu.3@gmail.com

- G. Kumaraswamy is born in 1983 in India.
He is graduated from JNTU University in
2005 and pursued Post graduation from the

same university. He is currently working as a
‘ Assistant professor in the department of
S electrical and electronics engineering R.G.M
college of engineering and technology, Nandyal, Had
Pradesh, India. He has eight years of teachingriexpe. He
has attended several National workshops. His megasaof
research include Photovoltaic cells, multileveldrters. Email:
kumarl718@gmail.com

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org

453




