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Analysis of Various Drives of BDCM Sensorless Control

Student : Shu-Ting Cho Advisor : Dr. Shir-Kuan Lin

Department of Electrical and Control Engineering
National Chiao Tung University

ABSTRACT

With the progress and development of technology, motors have become more and
more important in our life. Because three-phase brushless direct current motors (BD-
CMs) possess high efficiency, high reliability and small sizes, they have been applied
extensively in various home electrical appliances and devices now. But most of traditio-
nal three-phase BDCMs have to use Hall'sensors to detect the corresponding position
of the rotor and the stator. Besides inereasing cost and reducing life of motors, using H-
all sensors has many defects, because Hall sensors are interfered easily and cannot en-
dure high temperature. Moreover, Hal-sensors'must be located precisely so that we can
exactly acquire the present state of the rotor, when we place sensors in the motor. There-
fore, people pay much more attention to using the sensorless drive schemes which can
improve various drawbacks mentioned above.

This thesis discusses methods of the sensorless drives with various conduction
degrees and characteristic analyses. We implement sensorless drive scheme by using
the digital phase shifter and the mask to detect zero-crossing points obtained by the
signal of the induced electromotive force, besides we can acquire accurate commutation
positions with these zero-crossing points. The experiment achieves drive and control
purposes because using voltage feedback to get zero-crossing signal, and using field
programmable gate array (FPGA) and very high speed integated circuit hardware de-
scription language (VHDL) to design modular function of the sensorless drive control
system. This thesis uses the interior operations of the FPGA chip and the drive circuit
to accomplish sensorless drive control system of three-phase BDCMs. We last analyze
and compare rotational speeds, currents and vibrations of results of different degree
drives, and accurate a optimum sensorless drive scheme.
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» Altera Cyclone Il 2C20 FPGA device

» Altera Serial Configuration device — EPCS4

* USB Blaster (on board) for programming and user API control; both JTAG and
Active Serial (AS) programming modes are supported

» 50-MHz oscillator, 27-MHz oscillator and 24-MHz oscillator for clock sources

e 4-Mbyte Flash memory

* 4 pushbutton switches

» 10 toggle switches

* 10 red user LEDs

» 8reen user LEDs

* Two 40-pin Expansion Headers Withresistor protection

i3 C

B = .

e | 5 .,
o iy | Pl = -
i i - L

s HEbT YU
use VGA
Blaster Mic Line Line Video RS-232
Port i In Out Port Port
7.5V DC Power Supply
Connector I t 1 1 I t t
) B [} i

o N b
24-bit Audio CODEC i
<=p P5/2Port
Power ON/OFF —.

Switch
27Mhz Oscillator
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Altera USB Blaster
Controller chipset

Expansion Header 2 (JP2)
(with Resister Protection)

Expansion Header 1 (JP1)
(with Resister Protection)

Altera EPCS4 . @ Altera90nm Cyclone Il
Configuration Device frmrrrepaiory i v i : : 2 FPGA with 20K LEs
RUN/PROG Switch ; '
for JTAG/AS Modes

i-— SD Card Socket

7-SEG Display Module

10 Red LEDs

10 Toggle Switches

[ 4.4: Altera DELHFI 525 9t ]
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2020
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| Expansion Headers (2) |<—> Pushbutton Switches(4)
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EPCS4 USB

Blaster

Config
Device

[F 4 53 Altera DEL [ 3L 4 il

. 4.1: Altera Cyclone 11 2C20 FF”!,H, tﬂﬁ‘,

Altera Cyclone Il 2C20 FPGA
18,752 LEs
52 M4K RAM blocks
240K total RAM bits
26 embedded multipliers
4 PLLs
315 user 1/0 pins

FineLine BGA 484-pin package
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Tl &7 f]ES b By Tall = B
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end
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flag six_out ”Fj':T‘:(,’TL R [f' |
T, | T, | Ts | T, | Ts | T

0000 0 0 1 0 0 1 vV— W
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