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Introduction

- Why Brushless?

Conventional DC motorare highly efficient and their characteristics
make them suitable for use as servomotors. However, their o
drawback is that they need aommutator and brushewhich are
subject to wear and require maintenance.

When the functions of commutator and brushes were implemented
solid-state switchesmaintenance-free motors were realised. The
motors are now known d@sushless DC motors

Brushless DC motors are widely used in applications such as Ig
printers, floppy and hard disk drives, robotic drives and machi
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Introduction

- Why Brushless? (Cont)

Comparison of conventional and brushless DC motors

Conventional motors

Brushless motors

Mechanical structure

Distinctive features

‘Winding connections

Commutation method

Detecting method of
rotor’s position

veversing method

Field magnets on the stator

Quick response and
excellent controlability

Ring connection
The simplest: A connection

Mechanical contact between
brushes and commutator

Automatically detected by’
brushes

By a reverse of terminal
voltage

Field magnets on the rotor

Similar to AC synchronous motor

Long-lasting

Easy maintenance (usually no
maintenance required)

The highest grade: 4 or
Y-connected three-phase
connection

Normal: Y-connected three-phase
winding with grounded neutral
point, or four-phase connection

The simplest: Two-phase
connection

Electronic switching using
transistors

Hall element, optical encoder,
etc.

Rearranging logic sequencer
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f@ Introduction \ K@ Introduction \

- Hard Disk Drives Cont) - Hard Disk Drives Cont)
Schematic cut away Comparison of an AC synchronous motor and a brushless DC motot|for
view of a hard disk . . . . .
Head an 8-inch hard disk drive (Major advantagesaller and more efficient
ead arm
AC synchronous motor Brushless DC motor
Head actuator
Power supply: direct current, Inverter required Direct current, low voltage
low voltage (for extension (12-24 V)
and interchangeability)
Speed adjustment Since speed depends on Adjustable independent of
‘ the frequency, regional frequency
adaptability is low
Adjustment of starting time  Adjustment not possible Adjustment possible
Temperature rise High Low
Efficiency Low (approx 30 per cent) High (40-50 per cent)
> N . Output to volume ratio Small (bad) Large (good)
Mounting Drive electronics PCB Speed control Fixed Feedba(gk control
chassis Structure/cost Simple, low cost Slightly complicated, control
circuit is not so

' expensive by the use
\ Read/write head Antivibration mount / \\ of ICs /
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- Hard Disk Drives Cont) - Hard Disk Drives Cont)
Characteristics of a three phase unipolar motor designed for the spindle
drive in a hard disk drive

Manufacturer Nippon Densan Corporation
A brushless DC motor Item Model 09FH9C4018 09FHIC4022
used for 8-inch hard
disk dri Voltage v ‘ 2424 24+2.4
ISK drives Output w 18 22
- Rated torque 10‘: Nm 0.490 0.588
: Starting torque 107'Nm 1.47 1.96
P M Starting time 5 1.35 1.55
E Rated speed r.p.m. 3600 3600
Rated current A 2.0 2.4
Temperature °C 0~50
Stability per cent +1.0
Inertia 107 kg m? 1380 1670

Braking method Electromagnetic method
K / \\ Number of disks 2 4 /
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- Laser Printers

Cleaning plate

AC discharger Polygon mirror
Positive electrifier 8 e

JL Imaging lens
_/ansfer/ O
Fixing device elecmﬁV \.J
Paper O %
C)
) / \\\_/U

Positive
Processor
Electrode roler .
Semiconductor laser

electrode
Full-scale exposure

\ Schematic view of principles of laser printers /

Introduction \

- Laser Printers Cont)
A brushless DC motor
driving a polygon mirror
for scanning laser beams
Motor speed:

5,000 to 40,000 rev/min

Polygon mirror

Sensitive drum

ser beam
Reflection
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- Laser Printers Cont)

Stacke:
' Cleaning plate

Procedure: Positive electrifier AC discharger Polygon mirror
(1) The drum Y /L / lmaginglens/
photoconductive Iayer \\\\ ) e T p A =
(e.g. Cds) on its surface, ™" e st 2N v

with ~ photosensitivity of i gy %
the layer being tuned to
the wavelength of the
laser. The latent image of

the information to be . )
printed formed on the (2) The developed image is then transferred

to normal paper and fixed using heat and
pressure.

Positive
electrode

Processor
Electrode roler

Semiconductor laser
Fullscale exposure

drum surface by the laser

and then developed by the

K attracted toner. (3) The latent image is eliminated. /

laser printer

Brushless DC motor for a

Introduction \

- Laser Printers Cont)
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Introduction
- Laser Printers Cont)
Characteristics of three-phase bipolar type brushless motors
Manufacturer Nippon Densan Corporation
Item Model 09PF8E4036
Voltage v +24+1.2
Output w 36
Rated torque 107'Nm 0.294
Starting torque 107'Nm 0.588
Starting time s 3 (at non-inertial load)*
Rated speed r.p.m. 6000, 9000, 12 000 selection
Rated current A 3.5
Temperature °C 5~45
Stability per cent +0.01

Three-phase A connection
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ﬁ Structures and Drive Circuits

- Motor Structures

Permanent magnet rotor

Hall elements

Winding
Disassembled view of a three phase brushless DC motoy
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Structures and Drive Circuits

- Motor Structures Cont)

salient poles

Two-phase motor
having auxiliary

Structures and Drive Circuits

- Motor Structures Cont)

Permanent magnet l

\\ Single phase cooling fan drive , %/\ /
Hall element -
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- Motor Structures Cont)

Shaft Turntable
Rubber sheet \ Turntable Rotor magnet
q support
mwn.mmmmj [ W
— ) | }
7 J 1 I T Rotor yoke
e = —Printed board
== ===
X Coil
rust bearing cover 41
5= Hall element
Bearing Stator iron board

Thrust

Cutaway view of a brushless DC motor used to drive a
turntable in a record player
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- Motor Structures Cont)

Case
Windings
/
7 — ) Outer rotor three
Y phase permanent
magnet brushless
L DC motor
;
—/ s —\'\/ &
Board . L N Rotor
| Permanent magnet
Hall IC

\
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ﬁ Structures and Drive Circuits

- System Block Diagram

~

_ PM ac
DC — Motor
Supply. 2V
Position

Sensor

Logic
Circuit

- Electronic Commutato

Brushless DC motor =

Permanent magnet AC motor + Electronic commutator /

Structures and Drive Circuits

- Position Sensors

* Phototransistors and photodiodes
 Hall elements

* Pulse encoders

e Variable Differential Transformers

Commonly used position sensors are:

~
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- Position SensorsCont.) - Position SensorsCont.)

Phototransistors Phototransistors PT'|

— 4

Light source
_" C

—_—

_ / H1
Motor shaft Hall element \

Revolving shutter
\ Phototransistor position sensor / \\ Hall element position sensor /

- 2 N7 @Structures and Drive Circuits )

Structures and Drive Circuits
- Unipolar Drive Circuit (Cont)

- Unipolar Drive Circuit
G 120 240 360 180

Revolving shutter . Revolving angle (degree) . .
Phototransistors g | P | : , ) | Switching
E ] — Sequence and
—_— Z < PT2 .
E t rotation of stator
A . .
PT1 A LT [ | . magnetic field

ot Output signals from phototransistors
e L1
=l 1 1

*,\Trl

K Three-phase unipolar-driven brushless DC motor / \\ B /

SaN
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- Bipolar Drive Circuits

Trl 3
a 7 3
U

Instruction of
revolving direction

—

T T 7T

Logic sequencer
QbW =

l
~AA

Phototransistors Revolving shutter

Three phase bipolar driven brushless DC motor
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ﬁ Structures and Drive Circuits

- Bipolar Drive Circuits Cont)

\

Direction of stator’s
magnetic field

Torque

—l

Magnetic field

N

Directions of stator magnetic field and torque /

ﬁ @Structures and Drive Circuits \

- - Bipolar Drive Circuits Cont)
Tr1 1 1 1 0 0. 0
2 0 0 0 1 1 1
3 0 (4] 1 1 1 0
4 1 1 0 0 0 1
5 1 (0] 0 0 1 1
6 0 1 i 1 l ) 0
E [¢] 0 (V]
ANV ANVANEAN
0s @) E 0 ®) E E © E E (@ 0
: N
Clockwise revolutions of stator field and rotor

/ @Structures and Drive Circuits \

- Bipolar Drive Circuits Cont)

ON-OFF sequence
Tr 1
2

2 3

~|lo|~|lojo|~
ol=|~|olo|=|+&

1
0
1
0
0
1

Ol ~=|O|l=|O|w
O|l=|O|m=m| =IO

>
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Counter clockwise revolutions of stator field and rotor /
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f @Structures and Drive Circuits \

- Bipolar Drive Circuits Cont)
Hall element Amplifier

/
P

H3

-

—i1}

Motor

Wave-shaping circuit

(3]

/

Three phase bipolar driven brushless DC motor
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ﬁ Mathematical Model

- Dynamic Equivalent Circuit

L R

> MM AA———

e :dA sm
V () -t

O

\\ Dynamic per phase equivalent circuit of brushless DC motoy
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Mathematical Model

- Steady State Equivalent Circuit

X = wL R

OI%—[WY\—’\NV\/i

\% 6_, E=jwin

(e,

K Steady state per phase equivalent circuit of brushless DC myé
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/ Mathematical Model
- Electrical Circuit Equation
The steady state circuit equation for a brushless DC motor is
vV =(R+ jwl)I +E
where E = jwA,  is the induce@mfin stator winding by the magnets

w= 27f the angular frequency of excitation, angthe flux linkage of
the stator winding due to the magnets.
Using theposition feedbackthe phase angle of the terminal voltage
can be controlled to be the same as that of the inceroéf, i.e.

oy = ¢
By proper design, the reactance of the stator winding can be much
smaller than the resistance within the speed range, i.e.

R>>al
\\Therefore,

V = E+ RI
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- Emf and Torque - Torque/Speed Curve

Substituting theemf and torque expressions into the steady state

Assume the flux linkage of the stator winding due to the magnets e _
circuit equation, we have
p R

varies with time sinusoidallyi/\sm = 32X, sinwt \

i V = E+RI=—w,A
The inducecemfthen can be calculated by “ ¥ 2 @ mp em
dA 2 m

e= d—:m = J2wA,, coswt = ~/2E cosot
Wot—  |P Therefore,

where |E=w), =2wi | isthermsvalue of theemt D v R

m w = _ T
2 " PA/2 m(pr,2) "
The electromagnetic power must balance the internal mechanical : : :
power, or [P, =mE[l= T, o, wheris the no. of phases. The operating point for a given
Therefore load can be found by

_ P, _mE[ll_mp 0 T
- em

K Tem = w, w, T2 Anl / \\ Tload+Tlosses Tém load losse; /

ﬁ @ Performance \

- Efficiency
The efficiency is defined as the ratio of the output power and the inpuit
power, i.e.
r] - POUt
P
where Pout = lioad®; and Rn =mVl

In terms of the power flow, we have
R.=R +PFe+ I:)r‘r'nech-'- Pot

in cu

where P, = mRF

is the copper loss of the stator winding, &gdandP,,..,are the core
st and the mechanical loss due to friction and windage. /




