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ABSTRACT

In this paper a pulse width modulation is used to regulate the current sent to the motor. Unlike SCR method which
switch at line frequency, PWM controls produce smoother current at higher switching frequencies, typically
between 1 kHz to 20 kHz. This consists of a large reservoir capacitor and a H-bridge arrangement of switching
elements e.g. thyristors, MOSFET, solid state relays or transistors. This technique is used to control the power to
inertial electrical devices, made practical by modern electronic power switches. The advantage of hardware
parallelism, FPGAs exceed the computing power of digital signal processors (DSPs) by breaking the paradigm of
sequential execution. FPGA technology offers flexibility and rapid prototyping capabilities in the face of increased
time-to-market concerns. It enables to test an idea or concept and verify it in hardware without going through the
long fabrication process. The cost of making incremental changes to FPGA designs is negligible. The validity of the
proposed controller is confirmed through the simulation results. To implement it in the laboratory various
parameters like rotor flux, rotor current and operating points, rotor parameter tuning are to be estimated. The
proposed speed control system can be useful for the variable speed drive systems.
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I. INTRODUCTION
II. METHODS AND MATERIAL
In the long run of research for the speed control of AC

motors, a number of control methods were implemented
which replaced the application of DC drives in the
upcoming industrial requirements. Solid state drives ,
Microprocessors, windows based Graphical User
Interface (GUI), Proportional Integral Derivative (PID)
controller, Fuzzy Logic Controller were the important
techniques that ruled the area of speed control.
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Figure 1. PWM generation and output
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Figure 1 highlights the components of the physical
hardware that implement the PWM. The output of this is
used to control the speed of the motor. The period 7 is
preset as T is 40 ns for the 25 Mhz Xilinx FPGA board.
The PWM is developed in verilog with only the 8-bit
switches as a control input. The LEDs indicate the
presence of 5V, 3V, and each bit value MSB from top.
The resistors bias the LEDs and maintain a 3V input to
the FPGA. Time domain appearance of the PWM, the
duty cycle shown is about 25%.

This offers the most preferred way of designing PWM
Generator for motor speed control applications. They
are basically interconnected between different logic
blocks. When design is implemented on FPGA, it is
designed in such a way that they can be easily modified
and also changes can be made in the interconnection
between these logic blocks. The feature of
Reprogramming capability of FPGA makes it suitable
for any new design and is also possible to implement the
design within a short time. Thus FPGA is the best way
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of designing digital PWM  Generators. The
implementation of FPGA-based digital control schemes
proves cost effective and hence economically suitable
for small designs.

The motor should be encoder module attached so that
the RPMs could be measured. In my cases the motor is
attached to a 1000 pulse/rotation encoder. To measure
the frequency a counter can be used. The counter is
reset and is enabled for a period Tm. The counter is then
incremented at the positive edge of each input signal’s
pulse (SI). The count at the end of the period Tm is
proportional to the speed .Tm=255* shortest period of
the speed signal. Thus the measured speed will range
from 0 to 255. The speed is to be measured at every
sampling period. The output of the FPGA is only one
BCD signal and is provided with a wire to enable each
digit. The encoder output is 5V square wave that pulses
1000 times per revolution. The Speed is measured by
counting for a given period that will reach a maximum
of 1024 at maximum speed to obtain a higher resolution,
and smooth display appearance.
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Figure 2. Physical implementation of motor driver

Fig 2 shows the physical hardware of a motor driver.
The largest device is the 75A POWER MOSFET, the
TO-92 package is the VNO106 MOSFET, the TO-220
package is a 20L15T 20A Schottky Diode. The
Electrolytic capacitor is used in parallel with the motor
to for a smooth speed response of the motor.

1. PROPOSED METHOD

A host PC is used as an input for the AC Motor. Initially
MODELSIM is used to verify and check the correct
coding procedure and then the coding is written in
ALTERA QUARTUS 2 software. This software is used
to embed the coding into the FPGA kit. The AC motor
is connected to the AC power supply through a FET.
The zero crossing detector circuit observes the zero
crossing of the input sine wave and generate a pulse
accordingly. The output of the PWM waveform is fed as
input to the FET switch. When the PWM output is high
the motor is switched ON else it is OFF. This pulse is
given as input to the FPGA kit. There are 3 buttons
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provided on the FPGA kit for the use of reset, logicl
and logic 0. Hence the respective output waveform was
obtained.

AC motor advantage
1. Small size
2. Light weight

User Input

Host )
Ex -Set Rotation

o Feedback — Motor Speed, Current, Voltage

3. High rotary inertia
4. Low prize

Power switches

UART/USB

\ lat Power
FPGA solator stage

Isolator — 5 V Logic and

High Power system

v, Gate pulse[with phase .
control]

Smoother Sine

t - -t

Figure 3. Proposed Method
1.1 Design methodology

The coding for the motor speed control is written and is
implemented in the MATLAB 2010a. The wave forms
of the stator current, rotor speed and electromagnetic
torque is obtained and are used for future reference. The
same concept is used to design the required coding
using MODELSIM 10.1 G and the correctness of the
coding is verified. The same logic is applied in
ALTERA QUADRUS II to obtain the phase controlled
waves forms of various PWM pulses. This coding is
given as input to the CYCLONE 3 FPGA kit and its
RTL schematic is also checked to obtain the required
output.

1.2 Matlab Simulink block diagram

The 230 volt ac supply is an input to the rectifier circuit,
which converts ac to dc and then connected to the
chopper circuit. A chopper is an electronic switch that is
used to interrupt a signal under the control of the other.
If the input pulse to the inverter is high then the current
flows through the motor and is turned on else no current
flows and is turned off.
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Figure 4. Matlab simulation




1.3 Hardware Overview
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Figure 5. Hardware overview

A 230V AC supply is connected as input to the step
down transformer and a desired ac output voltage is
obtained that is to be converted as dc. A diode rectifier
then provides a full-wave rectified voltage that is
initially filtered by a simple capacitor filter to produce a
dc voltage. This resulting dc voltage usually has some
ripple due to the ac voltage variation. The regulator
circuit maintains a constant dc voltage even for any
variation in the input dc voltage or any variation in the
output dc voltage due to the change in load. This
voltage regulation is obtained using the popular voltage
regulator IC units.

Figure 5 shows the waveform at different level across
the zero crossing detector circuit. The first waveform is
the output of the (0-12V) transformer, the second is the
output of the bridge rectifier (12V pulsating DC) and
the third is the output of the Zero crossing detector. The
NPN transistor is turned on for an input voltage above
0.5V and is off less than that. Under off condition the
output voltage is Zero, which is detected by the device.

1.4. AC motor driver circuit and design

To access the AC control circuit through PC, the
desiged AC circuit is to be connected with the PC. The
interfacing diagram for AC control circuit with test
motor is shown in the figure 6.
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Figure 6. Interfacing ac circuit with motor
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In the process of interfacing the zero crossing detectors
is connected to the first pin of the parallel port. A
program is developed to control the input voltage of the
COC test bench. This program is developed to create a
delay sinal, varying from Oms to 10 ms at regular
intervals and at the every interval the pulse [S5V logic
0.5 ms duration] is set to the parallel port pin no2 to
control the AC control circuit. The MOC 3021 is used
to isolate the high power from the PC and more over 40
mA is enough to drive the photo detector based TRIAC
driver MOC 3021.The output of the MOC 3021 is able
to drive the TRIAC. The time delay is adjusted in the
program between Oms to 10ms to obtain a variable
voltage from O to 230V. To turn off the transistor the
input logicl is given to the pin 2 and the collector
current is reduced to OmA which is not enough to drive
the photo detector based TRIAC driver MOC 3021. The
output of this MOC 3021 is not able to drive the
TRIAC. So there is no any conduction portion in the
input wave from.

III. RESULTS AND DISCUSSION

A. MATLAB simulation output for proposed
method

In figure 7, the various characteristics of AC Motor such
as the stator current, rotor speed and electromagnetic
torque is obtained as shown using MATLAB 10.2V. It
is seen that a smooth transition of Rotor speed and
constant speed value were obtained at S00A.

Figure 7. MATLAB Simulation output



B. PWM output waveform 1:

Whenever the output Sine waveform passes through the
Zero Crossing detector, a pulse is generated. This pulse
is given as input to the FPGA kit. There are 3 buttons
assigned on the FPGA kit for the purpose of reset,
logicl and logic 0. The wave form is obtained as shown
below. This also indicates the ON time duration of both
the pulses and it is seen that the duration of ON time of
first pulse is greater than that of the second pulse.

Figure 8. PWM output waveform 1
C. PWM output waveform 2

The input is similar to PWM technique but an addition
Counter is also used. A pulse is produced whenever the
counter value is reset. Using the PWM technique the
width of the pulse is controlled by modifying the Phase-
shift value of PWM waveform.
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Figure 9. PWM output waveform 2
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The RTL view of proposed system is shown in Fig 10.
The main components are Frequency divider circuit,
PWM pulse generator and Duty cycle variation
component. The input is given to the FPGA kit via Zero
crossing detector and the output is obtained at the PWM
pulse generator

freq_divul

PYWM_GEN:u3

I &
reset I

pwm_out{10..0]

cec B>
incl

gpio_in EB—

Figure 10. RTL view of proposed system

IV. CONCLUSION

The AC motor speed control has been implemented
using FPGA in VLSI technology making the program
reconfigurable. The main drawback of the earlier
method has been overcome and a PWM wave with
required phase control is obtained for controlling the
speed of the AC motor. By this proposed method a
smoother sine wave is obtained, rather than the stepped
sine wave obtained from the other methods which are
the most important factor for efficiently controlling the
motor speed. The main advantages of AC motor speed
control by this method includes fast learning capability,
robust control rules and improved performance with
FPGA.
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