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Abstract

In this paper the speed of an induction motor can be controlled by varying input Voltage or frequency or both.
Variable voltage and variable frequency for Adjustable Speed Drives (ASD) is consistently obtained from a
three-phase Voltage Source Inverter. VVoltage and frequency of inverter can be simply controlled by using PWM
techniques, which is a very important aspect in the application of ASDs. A number of PWM techniques are
there to obtain variable voltage and variable frequency supply such as PWM, SPWM, SVPWM to name a not
many along with the various modulation strategies SVPWM is one of the mainly efficient techniques as it has
enhanced performance and output voltage is comparable to sinusoidal. The analysis involves the relationship
between modulation signals and space vectors and the switching patterns of space-vector modulation and the
trigger of power electronic device.

Introduction

An adjustable speed drive (ASD) is a device used to give continuous variety of speed control. An ASD is
competent of adjusting mutually speed and torque from a synchronous or induction motor. An electric
adjustable speed drive is an electrical system used to manage motor speed. ASDs might be referred to by a
multiplicity of names, such as variable frequency inverters, adjustable frequency drives or variable speed drives.
The two terms variable frequency inverters or adjustable frequency drives will only be used to refer to definite
AC systems, as is frequently the practice, although some DC drives are also based on the principle of adjustable
frequency (Switching frequency of chopper switch).
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Figure 1: ASD Block Diagram

A squirrel cage induction motor with constant frequency, constant magnitude voltage supply is supplied, the
motor provides constant torque and speed characteristic. To regulate the speed and torque for same induction
motor, the motor has to run at variable voltage and frequency. The variable voltage and variable frequency can
be obtain from (ASD) adjustable speed drives. AC to DC converter is the first step by which we get DC voltage
from AC utility grid. This step is called rectification it occur by diodes connected in bridge form. The second
step is DC to AC by operating in inversion operation mode is called inverter device. The converter in ASD is
operated in such a way that to obtained variable voltage and frequency at output of the ASD by which motor
speed, torque can be controlled with high performance.
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Pulse width modulation (pwm)

Variable voltage and frequency supply for Adjustable Speed Drives (ASD) is invariably obtained from a three-
phase VSI. In power electronics, converters and motors, the PWM technique is mostly used to supply AC
current to the load by converting the DC current and it appears as a AC signal at load or can control the speed of
motors that run at high speed or low. The duty cycle of a PWM signal varies through analog components, a
digital microcontroller or PWM integrated circuits.
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Figure 2

Figure 2 shows the comparator gets the inputs as reference waveform (square wave) and a carrier wave
(triangular wave) is supply to the comparator to obtained PWM waveform. Triangular wave is formed by op-
amp driver. Triggering pulses are produced at the instant of the carrier signal magnitude is greater then the
reference signal magnitude.To turn-on the IGBT switches, firing pulses are produced, the output voltage during
the interval triangular voltage wave stipulated the square modulating wave.

Advantages of PWM technique:

[ Output voltage can be controlled without other components.
[0 Output voltage can be controlled, lower order harmonics can be eliminated and filtering out higher
order harmonics by this filter requirements is minimized.

Disadvantages of PWM technique:
0 The inverter switches are costly as they must have low turn off and turn on times.

Space vector-pulse pwm (SVPWM)

It is an algorithm for the control of pulse width modulation (PWM). SVPWM is used for producing of
alternating current (AC) waveforms. It is frequently used to drive 3-phase AC powered motors at variable speed
from DC power. Various variations of SVPWM that result in different quality and computational requirements.
The development is in the reduction of total harmonic distortion (THD) created by the rapid switching inherent
to these algorithms.

Space vector modulation is a PWM regulator algorithm for multi-phase AC generation. The reference signal is
sampled frequently, after each sample, non-zero active switching vectors adjacent to the reference vector and
one or more of the zero switching vectors are preferred for the suitable fraction of the sampling period in order
to integrate the reference signal as the average of the used vectors.

Principle of Space Vector PWM:

The circuit model of a typical three-phase voltage source PWM inverter is shown in Fig. 5, S1 to S6 are the
six power switches that shape the output, which are controlled by the switching variablesa, a, b, b,cand c .
When an upper IGBT is switched on, i.e., when a, b or c is 1, the corresponding lower IGBT is switched off,
i.e., the corresponding a, b or c is 0.
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Figure 3: Three-phase voltage source PWM Inverter

Therefore, the ON and OFF states of the upper IGBTs S1, S3 and S5 can be used to determine the output
voltage.

The relationship between the switching variable vector and the line-to-line voltage vector is given by in the
following:

Vbc] = Vdc 0 i | -1 Ib]
Voa -1 0 11tc

The major advantage of SVPWM method is from the fact that there is a degree of freedom of space vector
placement in a switching cycle. This improves the harmonic performance of this method.

Table 1: Switching vectors, phase voltages and output line to line voltages
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Figure 4: Three phase stator current
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Figure 5: Reference speed of 1200 rpm
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Figure 6: Motor Speed and Electromagnetic torque.

Conclusion and future trends

The Z-source converter overcomes the conceptual and theoretical boundaries and barriers of the conventional
current-source converter and voltage-source converter and provides an advanced power conversion idea. The Z-
source inverter system can create an output voltage greater than the dc input voltage by controlling the shoot-
through duty ratio, which is unfeasible for the conventional ASD systems. In this work, described the operating
principle, analyzed the circuit characteristics, and demonstrated its concept and superiority. Different PWM
techniques and their comparison are presented. Maximum constant boost control method is additional beneficial
PWM control method among the further PWM control methods. Maximum constant boost with 3™ harmonic
injection PWM control method increases output voltage boost while minimizing voltage stresses transversely
switching devices. It allows over-modulation wherever modulation index can be varied from 0.50 to 1.150. Z-
Source inverter fed IM drive system is simulated using Simulink software using above described PWM method.
Results of simulation are compared with traditional PWM inverter. Following results are observed,

1. Shoot-through state is permissible by switching on every devices in the main inverter, thus EMI noise
does not involve operation of Z-source inverter. This shoot-through state does not allowed in
conventional inverter.

2. The low frequency ripples in the inductor current and capacitor voltage are eliminated completely.

3. Output voltage can be boosted to any desired value by varying shoot-through period TO, in zero states
without changing active state for a fixed modulation index.

4. Shoot-through state is determined by two straight lines, so it is easier to maintain constant shoot-
through state and hence the boost factor for all the time.

5. Constituent size (L & C) and hence cost required is less as compared to traditional PWM inverter.

6. Stator current is smooth as compared with traditional PWM inverter. Small permissible ripples in stator
current are observed at lower carrier frequency and at higher carrier frequency very smooth stator
current is observed.

7. From the results tested the performance of controller by a step change of the speed reference at
constant load torque, it’s found that the Rise time tr = 0.56s, Settling time ts = 0.8 sec.
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