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Course contents

e Introduction to flow measurement in the
optomechatronic system (by A.-B. Wang)

* Flow visualization (by A.-B. Wang)

* Temperature measurement (by T.-S. Lee)
e Pressure measurement (by A.-B. Wang)

* Velocity measurement (by A.-B. Wang)

 Introduction to simulations in the
optomechatronic system (by R.-H. Yuen)

 Numerical simulations methods (by R.-H. Yuen)
* Simulation application & practice (by G.Chen)
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Chapter 1
Introduction to Measurement and
simulation of optomechatronic system

Contents
* What 1s the optomechatronic system ?
e Trend of the world
« Examples of optomechatronic system
 Why Measurements ?
 Why simulations ?
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Introduction to
the optomechatronic system

* What 1s the optomechatronic system ?
Optoclectronic + Mechatronic system

* Products of optomechatronic system:
optical storage, optical input/output devices
(scanner, digital camera, PC-camera, fax
machine, printer, ...) , optoelectric displayer,

optical communcations, optoelectric elements
(LED, laser dial, CCD, ...)
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Trend of the world

4 Prosperity Electronics __. _
Metals Steam  Electricity  Air Craft Mlc_:roelectronlcs
Textiles  trains  Motor CarPetrochemicals E'otechnology

optomechatronics

Depression 1930 1985
1825 1903 | | >

| | | | |
1800 1850 1900 1924 4950 2000
George Stephenson  Henry Ford
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IA-products

E-mail terminals

Air Communication / Smart Phone
Nokia/ 9000Communicator
Motorola / MAPS

Worldgate / Worldgate
Sony, Philips / WebTV

Gaming console devices

Sega / Dreamcast
Sony / PlayStation 2
Ninterdo / Dolphin

Smart handheld devices § j’ o ;lj‘
. o o r\

Compagq / Aero series j 3 1 v ;’ 3 -
3Com,Palm / Palm VI ; - v ; 7 9

Hewlett-Packard / Jornada series )

Web terminal

Wyes, Hewlett-Packard,
Screen Phones NCD/Tektronix, Sun,

Boundless, Neoware

InfoGear / iPhone
Alcatel / WebTouch
Nortel / Power Touch
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3C products

- Smartphone, PDANBER KR

Mubiig._p_h_ﬂne PDA

-, I0C——
T ERY /
Portability x\ .

| Voice Com

‘ Ease to use ' Ideal integrated product i ( wired) \

Communication | (3rd generationwirelessphone) |  K/Binput '

\ ( wireless) T ' Product -urient?é
| Key pad input e \

\ Voice + Data Com -
— Pen-base, Voice input
Wireless communication
High density, portable storage
Communication + computing

BRER .  ETRE 995
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IA market prediction (I)
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(Source: IDC, MIC ITIS 2000/3)
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IA market prediction (I)
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Prediction of IA from Taiwan
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PC market analysis (1999-2004)

250000

[ Desktop 1999 2000 2001 2002 2003 2004
200000/*.Nomb00k 1| [Desktop 02221 0156 0.156]  0.117]  0.108]  0.105
- O PC-server _ i Notebook| ~ 0.282]  0269] 0195 0.151] 0127 0.117
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4
5 iy Bl Hg R EEA
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l 0.25 B Notebook
0 | Uy 0.2 O PC-server
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0.15
0.1
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Increasing rate

1999 2000 2001 2002 2003 2004 0.05

Desktop 90260] 104310] 120551] 134676] 149205] 164884

Notebook|  19935]  25295) 30240 34798  39222] 43804 0
PC-server 3125 3731 4394 5013 5643 6267 1999 2000 2001 2002 2003 2004
Overall P( 113320 133336] 155185] 174487 194070[ 214955
. year
(unit: x1000, Source: IDC)
Measurement and Simulation of ﬂi AETLEHETRF O

Optomechatronic Systems Opto-Electronics Teaching Resources Center



NB design & analysis

Tap chassis

(&BS)

PC cand

board
Sub board Key Al plate 2 Keyboard base

Main board
3 AT = = T
R LSI
Al plate 1 Al plate 3

Al block ( @ 20) Bottom case

COrerter

Heal rasnsler

Botom chassis(Mg)

(W. Nakayama (1998))

Measurement and Simulation of
Optomechatronic Systems

S RBETEHEERFC

Opto-Electronics Teaching Resources Center




The Need of Thermal Management

10,000,000 7
Moore's
Prediction
1,000,000 - T
100,000 -

10,000 -

Processor
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Thermal design of CPU

Design constrain: T, .., < 125°C

B4 AMD Corp., CPU Power Dissipation vs Speed
B il 2R
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Device Technology {micron)

Thermal requirement & design

Year A No., Feature Size
Gates/Device {pam)

1995 | 300k .35

1997 Im 0.25

] CrChc am 0.25

Power dissipation

Surface area

....
.....

Heat flux

Intel Pantium

g : * High speed
} * No. gates on device

« Spatial constrain
84 86 88 . a2 a4 M &
s fiaict From Azar (2000)
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Solutions in the future

From Azar (2000)
New electronic technology 15
o

 Silicon germanium (SiGe) al cvos |

 Amorphous computing

 DNA, optical and quantum
machine New cooling
technology

* More precise CFD-designs,

 New material ..

F
ujitsu VP 2000

IEM 30505 TOM g iBM
RYS

NTT W

5 — Fujitss M7T80 |

Module heat flux (watts/cm?)

o
1950 1960 1970 1980 1990 2000 2010
General availability (year)

(photo: thermally conductive plastic compound from
Mack Plastics, k > 20W/mK up to 600°F)
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The need of thermal management

* The objective of thermal management is to
ensure reliable mechanical and operational
performance for adverse environmental
condition of system.

* Reduction of temperature
= reduce thermal stress = remain operation
reliability

e component junction temperature within 80 ~
180°C.
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Electronic cooling

* An electronic enclosure includes:
- environment
- system
- shelf (cage)
- circuit board
- component
- Die parts 5™ oo

-
5,-,-5%,#’* E 1 » LT :| | heat source
-"J- i
shett | LLER LRI L LES R Board
(from Azar[1997])
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Example of thermal management

Thermal Thermal

Adhesive maminate Lid Die Adhesive
HHH Llnclarflll C4 |

\\

{/
Il H
Stiffenar Stiffener i—h BGA
Adhesive BGA pitch
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IC sink design

Electron
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Data projector
e The size-limit of the CRT-TV ~ 40", (> 100kg)

* Projection type 1s suitable for the large size
display, e.g., 40°°—60"" (or more)

» Advantages of the data projector (in comparison
with the RGB-CRT projector):
- small size, light

- high lumination (ANSI > 800Lumens)

- high resolution (800x 600SVGA, 1024 x 768XGA)

- lower price

- user-friendly
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Development of Data projector

Type:

OLCD  [ODLP

100%

80% 1

00% —

40%

W% —

(%

074 oif 04 00°F Ik

(Source: PIDA )

Weight:

ClUltra-Ultra D Ultra Dportable Efixed
100% . ] — o —
80% ]

60%

40%

20%

0%
OTE 9 9E 00 01
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Development of Data projector

Resolution: Brightness:

B vGA OSVGA OXGA OSXGA

100% O <500Im 500-1000lms O 1000-15001ms
s — L O1500-2000lms @=2000Ims
100%
60% —
0% — 8% ]
0% — 0% — |
0% ' D
974 98 991F 001F 01 0% N
VGA:640x480 o L u
SVGA:800x640
XGA:1024x768 0% ' ' '
SXGA:1280x1024 074 ORI 90FE Q0 01
UXGA:1600x1200  (Source: PIDA )
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Market of Data projector
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Schematic diagram of
Data projector

* A data projector includes (a) illumination,
(b) color separation & combination, and
(c) projection subsystems

Color Separation
& combination
subsystem

Light
Modulation

INlumination

Projection
subsystem

subsystem
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LCD Data projector

_—" LCD: liquid crystal
display

g 1
5
UV-IR &k et
1 28 "
S8 Ripsam =
1 H
Single panel type & %ﬁmw 5
3-panel type s
5 iu q
UV -TR % 158 e 2
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DLP Data projector

DLP Boare = DLP: digital light
Projection b pI’OCGSSIIlg

Condenser

Ir\-l Lens ,\\\\
|

P TIR Prism
g N
DMD3(B |
Color Filter 3 — Lamip & Reflector ;;’r Projection
/ Lens
) " .-.-# ‘I
D2 R | | —r—
K] J T I-n.-a...}..h_
—-II .HM"'-,\_H-I'I
DLP Projector Optical System Color-Splitting DMDI(R)
Color-Combing Prisms
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LCD & DLP

LCD: liquid crystal display
DLP: digital Light processing

LCD DLP
resolution VGA, XGA XGA
brightness High Low
contrast High Low
weight Heavy Light
complexity High Low
cost Low High
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Development of Data projector

* Future development:
- lower cost
- lower weight
- lower noise
- satisfactory resolution
- satisfactory light intensity
- better light uniformity
- high efficiency (Lumen/watt)
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Development of Data projector

X 0.9 (optics)

X 0.6 (display)

X 0.66 (color)

X 0.8 (polarisation)

1 |

~0.3 total optical efficiency
more than 25% today in

comparison with 5% in
1993.
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DVD/CD constructure

Interface
Decoder [

rocessor
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Pickup head of DVD/CD

Actuator

Objective Lens
i ™

Suspension Wires

Beam Splitter Folding Mirror

g

Quarter Wave Plate
Laser Diode Grating
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DVD & CD

DVD CD
Track pitch (um) 0.74 1.6
Minimum pit length (um) 0.4/0.43 0.83
Substrate thickness (mm) 0.6 1.2
Wavelength (nm) 650 780
Reference velocity (m/s) 3.49/3.84 1.2~14
Numerical aperature 0.6 0.45

Pit Length

e e |

PTEL R e S B

o
Lo Lo ™ -_r -t =
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DVD & CD

Discs Single sided | Single sided | double-sided | Double-sided
single layer dual layer single layer dual layer
Max. 12cm 4.7GB 8.5GB 9.4GB 17GB
capacity |8cm 1.4GB 2.6GB 2.8GB 5.2GB
Reflectivity : SL 45~85% > DL 18~30%
Distance between two layer : 55+ 15 ¢um
Measurement and Simulation of ,r_i RETEHLEZTRP O
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DVD-driver market

E DVD-ROM &
Player

B DVD-Audio

O DVD-RAM

B DVD-ROM

B DVD Player
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Specification of pickup head

* Spot size on track /NA

* Spot size on substrate d NA

» Defocus margin /(NA)?

e Tilt margin /d(NA)?
 Spherical aberration / O (NA)*

NA : Objective lens numerical aperture

d : Substrate thickness
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Difficulties of DVD

Disc

DVD pickup heads read high density disc(4.7G) : Track 0.74 . m > min. pit
length 0.4 ym

Objective lens NA=0.6 and spot size (FWHM) must be smaller than 0.6 ¢ m .
DVD optical heads have complicated optical system, high speed response

actuator, and high bandwidth photo detector, and generate the signals to
focusing , tracking, and reading.

DVD optical heads have high precision demand : focusing error<+ 0.23 ym
» tracking <+ 0.022 1 m > optical head axis tilt error<+ 10 arc min.
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Bragg fiber grating (I)

Application: wave selector for optical communication
A=2mnA\

Input signal Fiber

— SENER N —

Selected wavelength ( FBG ) Non-selected wavelength
Requirements: As A ‘
. oq e ’ " AZ
* reliability “~ Y
et > }\ 4
)\ )\1 )\3 S 30
1~8 - Ag
g— )\ 1
— — A 3
S — ),
\ A
7
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Bragg fiber grating fabrication

Ga-doped fiber UV(=240nm) A, (~10-4)

Coherent UY
radiarion

Silicon
phase
grating,

~ (I) Fiber

R
N\

K_/ Diffracted beams \_) (From Wilson & Hawkes)
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Bragg fiber grating example

Application: wave selector, circulator
Thermal sensitivity: 0.01nm/'C
(thermal expansion coef. 2.3 % 10 for Si)

1544 6

1544 4

1544 .2
1544

1543 8

1543 .6

1543 4

Wavelength{nm)

15432

1543 ——
15428 L -

-40 -30 -20 -10 O 10 20 30 40 50

— Temperature compernsated — normal

(Www.oes.itri.org.tw)
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Tools for Solving Problems

Practical Problems

Mathematical Methods

(Numerical/Analytical)
Non-linear PDE

Experimental Methods

Measurement and Simulation of
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Flow chart for Solving Problems

 Information collection
« system boundary
» breakdown of problem

Problem definition

 Numerical or experiment ?
» Choice of tools ?

* Integral or differential ?

* Assumptions reasonable ?
 Budget matching ?

Solution precedure

* Unit consistent

» Mathematically satisfied

» conservation Eqs satisfied
» experimental verified

Solution verification
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Thermal management

Light illumination A4 ? Size NN ?

A P B y N e
LEH‘? r. ‘ ‘m Siieidelebety
' ' e -- " Projecting
Mirror \ | / Lens
Condenser —% ] ' ' A-Cube

Measurement and Simulation of :_.7' HELEHELRTRF O
Optomechatronic Systems Opto-Electronics Teaching Resources Center



Drying technology (I)

(a) (b) (c)

(d) (e)

A AN T
VAN OV T —
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Drying technology (Il

Dryer Evolution

60
] Hybrid

50 ] \
— . Floater Dryers
z
Lt
o 40 -
b Second Generation Impingement
8
o ::‘ 30 -
W = Impingement
5:

=} I AN y

= = 20 - Floating Loop H A Pq ""7@5’%7](-’%
-
§ Spiral

0 1Frestoon

) \-T L T T T v 1 v T -

1880 1900 1920 1940 1960 1980 2000
From Cohen & Gutoff (1992) YEAR
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Drying technology (lll)

EiR —

iR~

T,.<250°C,P_. <2 bars
Measurement and Simulation of @Y REILEHLERFC

Optomechatronic Systems Opto-Electronics Teaching Resources Center



Current designs of MAVs
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Why experiment ?

Extend physical understanding of a particular
flow phenomenon, especially when the problem
1s not phenomenologically understood

Test new theoretical results
Verity mathematical models of CFD
Establish scaling laws

Measure for control purpose
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Thermal Flow Measurements

e Fluid + solid : liquid, gas, mixed-phass, ...
 Measurement of fluid properties.
viscosity, density, surface tension, ...

 Measurements of flow properties:
Pressure, velocity, particle size distributions,
temperaturedistributions, shear force, ...

e General requirements.
accuracy, repeatability, cost, ...
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Temperature Measurement

Hg-thermal meter

Contacting measuring Thermal couple

Non-contacting method  tcormister
IR-measuring device

<29° black
30° red
32° yellow
35° green
40° blue
>47° black

(Sanger, Hypersonic space-shuttle test in the DLR)
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Pressure Measurements

* Pressureis derived from force per unit area.

* Pressure transducers convert an applied pressure
Into a sensible signal (electric signal or others)
through the change of displacement,strain,
piezoel ectric response...

e The choice of transducer varies greatly
depending on many factor like pressure
range, dynamic response, pressure media,
dimensional restrictions,...etc
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Velocity Measurements (l)

Bernoulli’s Equation

® Averagevelocity: flowmeter — p, _ p ¥’
® L ocal velocity: o, p 2

- Mechanical rotator
- Pitot-static tube
- Hot-wire/-film
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Velocity Measurements (ll)

« LDA or LDV: Laser Doppler Anemometer (or Velocimetry)
* PIV: particle image velocimetry

V(X,0)=A x(x,t)/

e Seeding I
° III_umlnatqon Synchronization |
(twice in succession) Electronics ;l

e |Image Recording

* Vector processing Nd:YAG Laser
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Particle/drop size
measurement

Optical
Measurement for
Multi-phase flows

© Particle size
distributions

© Velocity
distributions

© Refractive index
distributions

© Temperature
distributions
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Why simulations ?

Advantages:

* |n some cases, doing experiment is not possible or
too expensive.

« Easy to change controlling parameters

« Simulation is, in general, quicker and cheaper

« Exact boundary conditions

Disadvantages:
« Simulation includes uncertainties of numerical errors
and modelling
 Verification test of experimental is always needed
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Simulations

Category:

« Laminar flow simulations
 Turbulent flow simulations

Numerical methods:

 Direct simulation (DS)

« Large eddy simulation
(large eddies calculated by direct simulation and
small eddies by numerical modelling)

« Simulation with turbulent modelling
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Thermal simulations
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