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Common Concerns

* This 1s a low C/P course

* This means

— Quite intensive reading, homework, reports, exams, and
maybe presentations

* And
- FHEAREE
— WFERT A
o FEEW—4HAVER?

— I guess I should ask you this question after you finish this
course.




Related Courses in Other Universities

* NTHU PME
— Measurement systems, 3 credits
— 2 hour lecture + an afternoon lab
— Equivalent to this course + 1% T & @ 11
* MIT ME 2.671
— Couse + Lab + term project (need experiment)
— Term report, presentation
— 1 person/group




Course History
e Initiating by Z=&HIE 2 F (F@2000
« Isttime @2001, 6 professors, maybe 15 students
« 20 time @2002, 3 professors, maybe 6 students
« 34 @2004, 4(F)/ 7
« 4t @2005, 3(F)/12
« 5 @2007, 2(F)/13
« 6" @2010, 0/13
« 70 @2012, 5(F)/20
« 8" @2014, 4(F)/17
« 9h @2016, 1(F)/14
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Heat Wave Index of US
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E.g., IC Size Tendency

Photolithography
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Time Domain Response

Timey{sec) Timey{sec)
» Accelerometer Time Microphone Time
Domain Response Domain Response

Any technical information? %

Accelerometer Spectrum
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Can you tell the tendency and make a prediction?
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Any insightful information?




TSMC U#% (Jun. 04 — Sep. 04, 14)

B 58T 2330.TW) Gogofund

2014/6/9

2014/6/4

Again, can you tell the tendency and make a prediction?

Support Vector Machine (SVM)
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What does the course cover?

Measurement Data
Devices Acquisition
Uncerainty
Analysis
System Data

Response Processing




@@«3 TPCB PIEZ0TRONICS- A General Spec

Model 320C15 Sheet

Product Type: Accelerometer, Vibration Sensor

ESS mini (2 gr), guartz shear ICP® accel. | 10 mig, 2 to 10k Hz, 5-44 side
conn., 5-40 mounting stud, to +325°F

Wiy photo and dravwing .

PERFORMAHNCE EHGLISH Sl
Sensitivity (£10 %) 10 miig 1.02 myimiz2)
Meazurement Range +500 g pk + 4900 mis2 pk —
Frequency Renge (= 5 %) 2010 10,000 Hz 2.0t 10,000 He 'ﬁ[] ’fﬂ%’[‘é%ﬁfgq
(+10 %) 1510 18,000 Hz 1.5t015,000 Hz
[+ 3B 0.7 to 30,000 Hz 0.7 to 30,000 Hz

Resonant Frequency = G0 kHz = G0 kHz (o=}
Broadhand Resolution (1 to 10,000 Hz) 0.003 g rms 005 m.l’32 rms [ .ﬁu ’fﬂﬁﬁﬁ — %Z E
Mon-Linearity =1% =1% [2] ==
Transverse Sensitivity =5% 5% [3] E%ﬁgﬂq{%%?
EHVIRONMENTAL
Crverload Limit (Shock) +£10,000 g pk +98,100 mis® Pk
Temperature Range (Operating) 100 ta +325°F Fito +163°C .ﬁn Tﬂx%ﬁ?%*ﬁﬁ
Temperature Response See Graph See Graph
Base Strain Sensitivity = 0.0005 g = 0.005 (m,l’sz)mE [1] S5,
ELECTRICAL Zan
Excitation Yoftage 1810 30 ¥DC 1810 30 VDC
Constant Current Excitation 210 20 ma 210 20 mA
Cutput Impedance =100 ohms =100 ohmz
Output Biss Yolage Sto12YDC Sto12vDC
Discharge Time Constant 0.25t01 sec 0.25t01 sec
Settling Time (within 10% of bias) <5 sec <5 sec
Spectral Moise (1 Hz) 2800 pgiHz 27 468 (umisZyHz - (1]

(10 Hz) 500 poiiHz 4805 (pmisZaeitz 1]

(100 Hz) 90 pgiiHz 883 (umiasdiHz 1]

& ] (Measurement)

» STEITE S0 A BBV SRR, A FHARRA R
a5, LB U TR
- BN EREEIFIAE R, SAKEE
AR E M S8y
— WMETIFEAHRE 22 B P A A R

- B2 AEHEREEL NN AR

— EE R, B H R HERE, BN
RZ B, 1EI 2 M
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= H1E %S (Measurement Instruments)

« BB AR BN A RO R R
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RSt Sl Theory and Design
==

for Mechanical
Measurements

e R. S. Figliola and D. Third Edition
E. Beasley (Text) V.
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— Goldstein, Fluid Mechanics Measurement
— Eckert, Measurement in Heat Transfer

- IREN
— McConnell, Vibration Testing, Theory and Practice
* MEMS
— Kovacs, Micromachined Transducer Source Book
— Elwenspoek and Wiegerink, Mechanical Micro Sensors

IR B H

 Dyer, Survey of
Instrumentation and
measurement
- —ARBMERFZEH
Rled
» Review of Scientific
Instruments
— AIP EFHAT], EE
EE%D]‘ TJ//LEBZ?JDLLF

XS esatG
‘it

Fdited by
Stephen A. Dyer
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Motion Measurement

LVDT
Laser sensor

1= |
-'.Ill-l-*
:I :ii
[}

Motion Measurement
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Time/Frequency Measurement

BROTE

R——— = oo Bl
. a8e r:rzrr—v:amJ

Angular rate sensors

Spectrum analyzer

Acceleration Measurement

Z IR
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Velocity Measurement

Dantac 55M10 GTA-systam
PC-controlled xyz-traverse
y-resolution: 0.01mm

calibration tunnel

e v Wiz Tacho meter

Hot-wire anemometry

= p
Hot-wire anemomelry !_AG " ' ]
— ey
3 1
4

Strain / Stress
Measurement

it

S
rESEEEE / i

extensometer

JerE =

23



Force

Torque / Power Measurement

:,r"-'__ \1

WNAGEDIET

Pressure Measurement

BRIt A
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Temperature Measurement
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Think More

1R MRS SRV EENE?
— ¢ #E (Calibration)
— B
— IREHR R
- BEAEEH A HEREE EEAMRE
- ZHMAEIREH CARES ERAVIEE

* E.g., (SRR Z AR

* E.g., TEAANZ BRI

Quantify the Measured Data

Al (regression) 77T

— B/ NITERETA

PR, at

— PE{E

— A=

— 5
SRR 7 BRUE SR
Chapters 4 & 5
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Atomic Force Microscope

SILICON TEST (RT)

Load vs Deflection for Silicon at RT
piston speed = 2um/s

60

50

40

30

Load (N)

20

-0.05 0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4

Daflaction gl
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EAERAS 2L

* (EHUBIRTT ETEH?
— E.g., —f% strain gauge Jit & Wheatstone bridge 7 i
HUELE mV level
— UK, AHATTBOR
o (SRR E BT
- Bg, —ETEFILE &7 —LEHBR EMRR
ZHER
— [R48, TR, B2
* Chapters 6 & 7

Case Study

o J&E[E (Wind Tunnel) & 1]
— Small scale testing
— Satisfy geometry, kinematic, and dynamic
similarity
o EUREEYFZR:
— TR
— BRY)

— &=
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The Task

* Install the tunnel operation monitoring

system

» Provide necessary sensors for the

model under investigation

« Equip the tunnel and the test section
with the data acquisition and processing

system

The wind tunnel

(Dimensions in meters) a4 tucning vanes
b honeycomb

C  sClEEns

8.0 1
- Exn
\\ £
N f."
a
. < o l"a
S ff
- I—— 5.1
5.9
- Shutters
- 5 : g
<" b ¢ Tast Section ] c k-]
s % A
b 5.0 25— b—30—+1.44
T.8 5.0
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The tunnel instrumentation

 What we need to

measure ? — Turbulence
— Flow rate — Induced loads
— Velocity — Flow induced
— Temperature vibration
— Pressure
— Fan speed
— Fan power

The tunnel instrumentation

» \Where we need to measure?

Flow rate? (Derived) Fan Speed  Fan Power
- N S
; L 1
Ean
- .-"f
" £
N c c i
9, 1--\_-‘ ;
5 TR et — " s
5.9 T PSR '
’ >< Vd Shutters
. Velocity
<" b c : \n{ est Section R e B
e el Turbulence “
-
s [l ‘ 1\ ; b—25 3.0—-1.4
T8 * . \ \
Pressure
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Model examples:
A helicopter fuselage

Model examples:

A Racing Helmet

’

-—

\\ »
: }&:k, T

f"

AT coal

y N
= ™
i BB | s} =
e ~BNEocail [P
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Model examples:
A City district

What does each measurement

point involve?

Process

= Stage1 P ...| Stagen

- stage

! I
1
| . d
1 Being Monitored ‘I Control
l -
I : stage
|
1
: Sensor I )
l I I ------------------ ﬂ
1 ‘I 1 1
___________ ‘ i 1
) 1 Signal Conditioning Stages |
' 1
1
1
1 Qutput
Transducer Ly : > P
[
1
: I
| 1

———————————————————
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e Instrumentation: {5 1047
¢ Mini Term Project: {5 1553

o 11557

Instruments Review

- HAY: BESEEH—E a7, R
i, AE RREsZJFEE, MRS, KakEt

TR, THRILIER PR A
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Mini Term Project

o DMEREETE = 2 B RS, sETie
RE IR s
- NEEE:
- EERdE
— BB HHHY
— BiR
— Bkt
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Not used: Conceptual Design Project

- HHY: FESAFH SRR E AT E M
e, BT —ENFESESEENEB S

2T
X a

* (FE) SHWISCREES, WIARBR GRS
=

* n A\—%H (n=1 in the past)

Conceptual Design Example

vl 1.00V Trig +1.0V CH1
—_ T

| T
_|ESEESSSREE .
, “?“"T‘“‘“.“";["_T"_':‘ii'l"ﬁr
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