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» Substitute
COSXCOSYy = %cos(x —y)+ %cos(x + )

+ We get,
F = %Tm [cos(wt — a) + cos(wt + a) + cos(wt — a)

+ cos(wt + o — 240°) +cos(wt — o) +cos(wt + a — 120°)]

» Taking into account the cos’s are 120° apart (sums up to
“zero”)

3
F = ETm cos(wt — a)

- The projection of a rotating field of constant amplitude

Servo Systems 13

Rotating Magnetic Field
s N s N

POINT 2 POINT 3

POINT 4 POINT 5 POINTS6 POINT T

PHASE 3

http://www.wattflyer.com
owthread.php?p=462911
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Rotor for AC Synchronous Motor__
]

Boll Bearings

* Rotor for an AC synchronous motor
— Slip rings to I
generate the ARe7
required
rotor field

Rotor
Windingsa

Rotor Core

http://www.tpub.com/content/doe/h1011v4/
css/h1011v4_32.htm

Servo Systems

Buoll Bearings

Typical Spec. - AC Synchronous
M OtO r http://www.diytrade.cog_ ;;EM/

- specifications: Model 49TYJ-B-3 gzzd‘:]fggfhm79/AC— hichron
+ Rated voltage 24V, 36V, 100V, 120V, 220/240V -

* Power consumption <4W

* Input current <25mA

» Rated frequency 50/60Hz

» torque >0.06N.m

» Speed 2.5/3, 5/6, 10, 15, 33/40rpm
» Starting voltage <176V

» Insulation resistance >100MQ

* Noise <45db

» Coil temperature rise 60K

« CW,CCW or free direction

*  pkg 27x27x21cm

http://www.diytrade.com/chinl/4/produ

+ weight 125PCS(25x5),15kg cts/5573420/st_series_motomsingle-
« Pricing: $ 0.44-0.88 phase_a_c_synchronous_genrator.ht
Servo Systems’ : : . m| 16
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DC Servomotors ——

Brushless DC Motor —

* A brushless DC (BLDC) motor is a
synchronous electric motor powered by
direct-current (DC) electricity and havin
an electronic commutation system,
rather than a mechanical commutator an
brushes.

* In BLDC motors, current to torque and
voltage to rpm are linear relationships.

Servo Systems 26
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Structure of BLDC Motor A

http://mechatronic- |
design.com/articles/Keeping%20cool
_Figure_01.jpg £

http://en.wikipedia.org/wiki =~ & SR
ServoSysten‘E”e:PoleS.jpg ¥ ; U —— -

Electronic Commutation S

[+ T RN -NE PR W

Six commutation phases "move" the electromagnetic: fisld,
which cauzes the permanent magnets on the rotar to move
the motar shaft.

http://www.ecnmag.com/uploadedimages/
cn/Articles/ec9OES100a.jpg -

Servo Systems
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BLDC Motor

Servo Systems

Hall Sensors

Hall
Sensor

Output

EFRAREE Caret

http://indiadiesel.com/bldc_const.htm
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Diiver Stage

Rotor position |

AVR® 8-Bit RISC - Applications - Three-

phase Brushless DC Motors
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PMSM

S
ECHO LIFE

BELZTHREFTHH

High Effciency Permanent Magnet Motor
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- —~ %
1
sl
I
[
!

Danfoss FC300 Yaskawa V1000
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SMALL SIZE LIGHT WEIGHT LOW NOISE

TEL:(04)2562
Servo Systems 9176 IAZT ¢%$$ﬂﬁﬁ?$i§%l7l%21 35

PMSM Excitation

* Smoother sinusoidal excitation for PMS

BLDC PMSM

1 wi [} wl
-~ - Vs S RN
P i N H
Stator Flux | ,° P / A \
7’ 7 A A}
A R
/ AN ”"
et -

Linkage 7 7 ~
o - Ed e N - 7

- ,'- -.- - 1 ) FE %\’ Rotor Angular Position  Rator Angular Position Rotor Angular Position
Back EMF [ \ o LA {, > o i e T
'l \ “ .‘J ,’ i ‘\ 5 2 190° 1 1800 ./I
— - Y Mo, @ - L —
o4 N - Output Optical Encoder Output Hall Effect Se:nsors:
sino [ et et [T e B e B
Figure 1. PMSM vs. BLDC BEMF Waveforms Sodie R ikl ] sl P Sl P
http://WWW.eCﬂmag .com/Articles/2009/10/C Figure 2. Sensor Qutput Waveforms (not to scale)
senvo Systegmparing-motor-control-techniques/ 36

2012/3/26

18



2012/3/26

EhemEEs 0 |
Constantly Propertional Line 2

i
e
L
r

DCMEiER  ACTETE

?f=DcBrushless

19



Servomotors

http://www.moog.com/noq/%5Fcapabilities%5F %5Fc1046/

Servo Systems

Torque - Speed Characteristics

* |Industrial motors VS. Servo motor

Servo Systems 40
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CURVE COPPIA - VELOCITA | TOROUE-SPEED CHARACTERISTICS

Brushless Servomotors ——

+ Torek

Servo S

Torque - Speed Characteristics
CURVE COPPIA - VELOCITA /| TORQUE-SPEED CHARACTERISTICS
Alimentazione 230V - 230V Supply voltage

Nm 170 FC Nm 170 FC4 Nm 170 FCT
200 200 400
150 150 300
100 100 ~ 200
------\‘::\ \ -__-__-.‘\
50 Y e 50 s - 100 \\
P,
0 — _-I ) 0 — 0 — )
150 300 450 B0Ckminpm 150 300 450 GO0 dminepem 150 300 450 GO0 dminem
con (with) DBM03 10/25 con (with) DBMO3 10/25 con (with) DBMO3 15/45
Servo Systems 44
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FANUC's products

| LINEAR MOTOR LIS series

Power Leads

Uptical fiber intarface

for serial data, which

is used when the

amplifier is used as

control axis fer i

series CNC S

—_—
i Series CNC S - Magnetic Pole Sensor *!

.

.

. ﬁ

.

.
FANUC Serial Interface § =

p://[FANUC Co. i Position Detestion Gircuit® !

Third party's products

.
.
.
[

_,-_-.-.-;:"'::;—\___,- Linear Encoder *Z2

e |1 CAZ€ of an absolute |inear encoder #1 Not necessary for an absolute type |inear
system encodar,

Servo Systems

...... In case of an incremental |inear *2 MNecessary to confirm to FANUC Serial Interface,
encoder system

Stepper Motor

* A stepper motor (or step motor) is a brushless,
synchronous electric motor that can divide a full rotatio
into a large number of steps. The motor's position can be
controlled precisely without any feedback mechanism
(see Open-loop controller), as long as the motor is
carefully sized to the application.
Stepper motors are similar to [eluctance motd
(which are very large stepping motors® "
count, and generally are closed-loop co

http://en.wikipedia.org/wiki/Stepper_motor

Servo Systems 46
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* 497 oz.in. Nema 23 Mounting Double
Stack/Double Shaft Bipolar Stepper Motor.

* These 497 oz.in.
stepper motors have
3/8" output shaft and
a 1/4" end shaft so
you can connect a
manual positioning
wheel.

Servo Systems

Stepper Motor Principle ;_i'.__.

http://en.wikipedia.org/wiki/Stepper_motor

Servo Systems 48
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Stepper Motor Driver T —

M

» L297 Driver IC (STMicroelectronics)

..fggig%%%;

1 LK EJ [

B/ F o— | 2
X 1| 4
GND_CTE ——
r o S O
Lzp? ————

(Sx) 1N4001 Genera 1
Purpose Diode

= 3 2 £ @& & 3 ® & 3

;

http://www.electrical-res.com/unipolar- I
stepper-motor-driver/

Servo Systems 49
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MOSFET & IGBT ___.‘g_,_.

* Metal-Oxide-Semiconductor Field-Effect
Transistor, MOSFET

* Insulated Gate Bipolar Transistor, IGBT ﬁ

IGBT (Mitsubishi)

AMosfet (Fairchild)
Servo Systems 50
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Motion Control Cards

 Adlink PCI-8158

— Advanced 8-axis Stepper &

Modular Design
» Features

3 axes helical interpolation
Pulse output options: OUT/DIR, CW/CC\\ss
Pulse output rate up to 6.55 Mpps

2~4 axes linear interpolation

2 axes circular interpolation

Hardware emergency input
Position/Speed change on-the-fly
Support manual pulse generator (MPG)

Encoder Servo 53
Systems
Specifications
Ad I I n k P' Pulse Type Motion Control
Max. Number of Axes 8
Pulse Output Rate 0.01 pps to 6.5 Mpps
Max. Acceleration Rate 245 Mpps?
Speed Resolution 1 6-bit

Encoder Input Rate
Encoder Counter Resolution
Positioning Range
Counters
Comparators

Motion Interface I/O Signals
Position Latch Input Pin
Position Compare Qutput Pin
/O Pin
Incremental Encoder Signals Input Pin
Encoder Index Signal Input
Mechanical Signal Input Pin
Servomotor Interface /O Pin
General DO Pin
General DI Pin
Pulser Signal Input
Simultaneous Start/Stop Signal 1/O Pin

6.55 MHz under 4 x AB phase @ | M cable
28-bit

-134,217,728 to + 134,217,727 pulses (28-bit)
x 4 for each axis

x 5 for each axis

LTC

CMP

Differential and 2500 Vrms optically isolated
EAand EB

EZ

+EL, SD, and ORG

INP. ALM, ERC, RDY, SYON

DO x 8 for DO/CMP

GDI x 8 for DYLTC/PCS/SD/CLR/EMG
PA and PB

STA and STP

54
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PCI-8158 Softwern Siimmnre 0

Software Support

M Windows® Platform
* Available for Windows Vista (32-bit) XP/2000
* Recommended programming environments:
VB/VC+ +/BCB/Delphi/VB.NET
* Various sample programs with source codes
* Customized APl functions are possible

B RTX ( Windows Real Time Extension)
¢ RTX 5x/6.x/8.1a

M Linux Platform
¢ Redhat 9, kernel 2.4 x
* Fedora Core 3, kemnel 2.6.9
* Fedora Core 4, kernel 2.6.11
* Fedora Core 5, kernel 2.6.15

W MotionCreatorPro 2™
MotionCreatorPro 2 is a user-friendly Windows-based
application development software package included
with all distributed motion and I/O control modules.

MotionCreatorPro 2 provides simple configuration
and real-time statuses of modules, in addition to predse
positioning control with no effort

Encoder Servo (See page 1-23 for more information on MotionCreatorPro 2.)
Systems

F)C ; PCI-8154
anlslc Bl ok

Spead | Posien | ine Fametmon SCave | pager |PostionLaich
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SSCNET £F SSCNET =

» SSCNET (Servo System Controller Network) i
Mitsubishi Electric's dedicated Motion Control
bus network. The motion controllers and servo
amplifiers can be linked via the SSCNET netwark
that offers the user: ease of connectivity, due t
less wiring, high reliablilty and since the encoder
output terminals are fitted as standard, greater
flexibility for system integration.

Encoder Servo 59
Systems

Digital Control Interface I - .

* sercos I>=RC92

— SERCOS (SErial Real-time COmmunication System)
interface is a globally standardized open digital
interface for the communication between industrial
controls, motion devices (drives) and input output
devices (1/0). It is classified as standard IEC 61491
and EN 61491. The SERCOS interface is designed to
provide hard real-time, high performance
communications between industrial motion control
and digital servo drives.

Encoder Servo 60
Systems
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Polepiece

Connector

Filter
Feedback Wire

Spool

Coil
Armature

- Magnet

- Flexure Tube

B A
Supply Pressure  Return
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