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ABSTRACT

This paper presents real time implementation of DSP based
Sine PWM control algorithm for 3 phase 4-leg IGBT voltage
source inverter. This method is useful to control the speed of
Voltage source Inverter fed Induction motor drive. The pulses
were generated using DSP controller through MATLAB
Simulink — Code Composer Studio environment and that
triggers the inverter. Results of input and output of the
inverter were captured using Digital Storage Oscilloscope.
Simulation study was carried out using PSpice and results
verified.
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1. INTRODUCTION

Ac machines were introduced almost hundred years before
even though research in this area is still continue because of
the latest development of the power electronics semiconductor
devices and power electronics converters and high
performance controllers like DSP. The control of ac drives
generally requires complex control algorithms that can be
performed by microprocessors or high speed controllers along
with fast switching power converters. AC machines require
control of frequency, voltage and current for variable speed
applications. The speed of ac machines depends on frequency
of supply systems and it is fixed. Variable speed of the ac
machines is required for many applications like electric
propulsions, pumps, fans, compressors, actuators, spindles,
servos etc. Induction machines, synchronous machines and
variable reluctance machines are the main types of ac
machines. The main components of the variable speed drive
systems are electric machines, converters, controllers and
load. Induction machines are most common and famous ac
drives for variable speed applications due to disadvantages of
dc machines such as higher cost, higher rotor inertia and
commutation problems. Induction machines applications
include pumps, fans, variable speed wind energy systems,
variable speed constant frequency systems etc. converters
used for variable speed drives system are controlled rectifier,
inverters and cyclo converters. The applications of the
converters include electrochemical processes, adjustable
speed ac and dc motor drives, high voltage dc systems, dc and
ac general purpose power supplies and dc to ac power
conversions etc [1-3].Current source or current fed inverters
likes stiff dc current source at the input. Voltage fed or
voltage source inverter is more popular in industrial drive
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applications for induction motor speed control [1-3].Voltage
fed converters converts fixed or variable dc voltage to ac
voltage of constant magnitude and constant or variable
frequency. The inverter output can be single phase or poly
phase of square wave, sine wave, PWM wave, Stepped wave
or quasi square wave. These converters are used mainly in
UPS, AC drives and Induction heating applications. In
machine drive applications the range of voltage & frequency
is wide. Inverter frequency control can be done by generating
signals from microcontroller, hardware & software counters,
D/A converters etc. The inverter output voltage can be
controlled by inverter input voltage control (Pulse Amplitude
modulation) or by voltage control within the inverter (Pulse
width modulation) [1-3, 11].PWM approach is based on
switching control in the inverter to control the voltage and
optimize the harmonics. PWM techniques are sinusoidal
PWM (SPWM),Selected harmonics elimination (SHE)PWM
,minimum ripple current PWM, Space vector PWM
(SVM),Random PWM, hysteresis band current control PWM,
Sinusoidal PWM with instantaneous current control etc.PWM
techniques classified on the basis of voltage or current control,
feed forward or feedback methods, carrier or non carrier based
control methods etc[1-3]. In [8] digital simulation of
sinusoidal pulse width modulation presented, at rated
frequency efficiency for induction motor drive was higher
with sinusoidal pulse width modulation technique in
comparison with sinusoidal supply. Sinusoidal pulse with
modulation technique is very famous technique for voltage
source inverter because it is simple in implementation with
low output harmonic contents [1, 9-10]. Analysis of six
switches based three phase inverter and four switches based
three phase inverter with PWM and Sinusoidal PWM
comparison shows unbalanced phase currents, speed
variations and higher THD of four switch three phase inverter
fed induction motor discussed in [14]. Speed control is
achieved in inverter driven induction motor by means of
variable frequency. This can be achieved by constant
voltage/Hz control, constant slip speed control, constant air
gap flux control and vector control. Different control
techniques of induction motor drives are scalar control, vector
or field oriented control, direct torque and flux control,
adaptive control and intelligent control with fuzzy logic,
expert system and neural network [1]. This paper is organized
as follows. Three phase Sinusoidal PWM based inverter fed
induction motor drive is reviewed in Section Il. Proposed
system design is presented in Section Ill. Hardware
Implementation is illustrated in Section IVV. Some conclusions
are given in Section V.
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Fig.1.General Block diagram of proposed system.

Here, three phase shifted line frequency sinusoidal signal is
compared with high frequency triangle carrier to produce
sinusoidal pulse width modulation signals as gate drive pulses
for voltage source inverter. The input dc may be a constant
source from the rectifier or it can also be used from solar
photo voltaic array based system. The output of three phase
voltage source inverter is fed to inductive load i.e. induction
motor. The idea here is to control the speed of the three phase
ac motor by changing the amplitude of sinusoidal voltage
using gate drive signals. The output is controlled by the
switching sequence of the inverter switches. In sinusoidal
pulse width modulation the pulse width of a high frequency
switching signal (carrier signal) is varied with respect to the
amplitude of the low frequency signal. For sinusoidal pulse
width modulation,

frequency of carrier wave,Vegrier = fi (1)

frequency of sinwave,V,ppiror = f1 (2)

Where f, = PWM frequency
f1 = fundamental frequency

Inverter output voltage,

When,
Veontrot > Vearrier » Vo = “% 3)
Veontrol < Vearrier » Vo = —5 *)
Where
Very = Vro = Vyo
Vyp = Vyo — Vo

Ver = Vo — Vio

In sinusoidal pulse width modulation based three phase
voltage source inverter fed induction motor the speed can be
controlled by controlling the inverter output by varying
modulation index of SPWM presented in [5]. Induction motor
speed control algorithm implemented using microcontroller
[6]. FFT analysis and comparisons of SPWM ,SVPWM ,Third
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harmonic pulse width modulation for inverter fed induction
motor presented in [6,7].The steady state characteristics of
PWM based inverter fed induction motor presented in [13]
shows the superior performance of the system over sinusoidal

supply.

3. SYSTEM DESIGN AND
SIMULATION

In this section, software implementation of three phase, 4 leg
IGBT based inverter using PSpice is presented. Conceptual
circuit diagram of software implementation for voltage source
inverter shown in Fig.2.Switching pulses generated using sine
PWM approach and used to trigger the three phase inverter
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Fig.2. Conceptual circuit diagram

High frequency switching pulses generated using three
sinusoidal signals each shifted by 120 degree phase compared
with high frequency triangular carrier waves.
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Fig.3. Gate drive signals for three phase VSI

Three high frequency drive signals generated using software
approach to trigger S1, S3, S5 and inverted signals of above
drive signals applied to trigger S4, S6 and S2 IGBT of the of
the three phase inverter shown in Fig.4.
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Fig.4. Drive signals for three phase voltage source
inverter
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Fig.5. Output voltage of inverter between R-Y phase.
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Fig.6.0utput voltage of inverter for Y-B phase.
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Fig.7.0utput voltage of inverter for R-B phase.

The output voltages of three phase voltage source inverter
between different phases are shown in Fig.5 to7.
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Fig.8.Insight view for output voltage of R-phase.
4. HARDWARE IMPLEMENTATION

In this section, real time hardware implementation is
discussed. General block diagram of PWM switching pulse
generation using Digital Signal processor for Induction motor
is as shown in Fig.9
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Fig.9.Block diagram of Pulse Generation using DSP

SIMULINK-MATLAB model has been developed based on
sinusoidal pulse width modulation technique [12]. DSP code
has been generated using MATLAB Simulink and Code
Composer Studio. DSP code has been downloaded in DSP
module and six drive signals were generated. Drive signals
given to voltage source inverter through isolator board. DC
supply and drive signals given to the inverter.

Fig.10. MATLAB Simulink based SPWM generation

Three phase controlled inverter output voltage generated by
inverter applied to the three phase induction motor. Sine pulse
width modulation technique is implemented using matlab
simulink real time workshop tool box. Sine wave source,data
type conversion, Pulse width modulation (PWM) blocks
selected from DSP system toolbox. Real time code generated
using following MATLAB -simulink model and code
composer  studio(V3.3). Simulink model parameters



configured for real time code generation.This generated code
is downloaded to TMS 320F28335 Module.PWM isolator
module connected to DSP module. Six high frequency drive
signals given to three phase voltage source inverter. Six drive
signals were generated using ePWM module. ePWM module
consist of two sections as ePWMA and ePWMB. Invert signal
of ePWMA generated by ePWMB. Three high frequency
drive signals of ePWMA captured using high resolution 4
channel DSO and shown in Fig.11. High frequency drive
signals with different time span as shown in Fig.12.The
magnitude of the drive signal was 17.3Volt with 9.99kHz
frequency for all the three drive signals.
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Fig.11. Drive signals for three phase voltage source
inverter.
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Fig.12. High frequency drive signals.
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Fig.13. Dead band between normal & inverted drive
signal.

Dead band is obtained by configuring parameters of pulse
width modulation (PWM) block. As per the specification of
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the inverter stack, dead band is calculated and parameters
configured in PWM block to obtain desired dead band
between normal & inverted drive signal. Dead band was
programmed for 7 micro second for the implementation and
captured using DSO as shown in Fig.13. Six high frequency
drive signals were applied to Three phase,4-leg IGBT based
Inverter. Inverter output voltage without filter captured using
DSO as shown in Fig.14. The magnitude of the output voltage
was 99 volt and 50 Hz frequency. The more insight view of
the output voltage is shown in Fig.15.
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Fig.14 . Output voltage of inverter.
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Fig.15. Insight view of output voltage.
Table 1. Output voltage for 85% peak duty cycle

Software Hardware

Ve(volt) (:/’gﬁ) Voo (Volt)
50 100 97
52 105 101
55 110 106
60 120 113
65 130 126
70 140 135
75 150 146
80 160 153
90 180 173
100 200 192




Table 2. Inverter stack Specifications

Switching frequency 10kHz
Input DC voltage 600V
Output AC voltage 415V
Output AC current 10A
Output Frequency 50hz

High frequency voltage source inverter specifications are
mentioned in Table.2.Switching frequency is clearly shown in
results (Fig.11 & 12).The three phase inverter module on
which experiment performed is shown in Fig.10.Comparission
of output voltages at different dc input are mentioned in
Table.1.When the dc input voltage is 52volts,the measured
output 101V can be verified from Fig.15.

5. CONCLUSION

This paper proposes sinusoidal pulse width modulation based
gate drive signal generation for voltage source inverter fed
induction motor drive. The high frequency gate drive signals
were generated through highly efficient DSP controller with
isolator. Dead band was precisely programmed for three phase
operation. Extensive simulation was carried out using orcad
capture PSpice and the hardware implementation was verified
with utilization of real time workshop module of MATLAB-
Simulink and Code Composer Studio. The prototype was
carried out for 100V ac output because of the limitation of
isolation for three phase system. This system can be integrated
with renewable energy sources for various applications like
water pumping, dc to three phase ac inverter, motor control.
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