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Fig. 1. Comparison of power from vibrations, solar, and various battery chemistrics.
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CD-DOM (top view)
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Experimental setup (front view)
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Experimental setup (front view)
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 July 2006 —
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» Detect acceleration
» Acceleration -> velocity ->displacement

Accelerometer

DI

MEMS Accelerometer

68
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MEMS Accelerometer

« for positioning
— Small size
— Low cost
— Low power consume
— Very portable

— Self-contained device
* Need no external electromagnetic signals

— Signal drift problem

69

69

INS Hardware

2-axis Accelerometer gyroscope
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INS Hardware

Accelerometer

* ' Laser for position detect

7

INS Hardware

Rotational connector

Acc.meter & Gyro

Motor

72
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Signal drift problem

* Accelerometer at static state 1 min

 Displacement shows almost 6m
— Signal drifting error

0.08 4
0.06

0.04

m)

L
IS

N
displacement(

0.02

0.00

-0.02

acceleration(m/s’)

-0.04

L
o

-0.06

time(s) 73 73

anti signal drifting

* Method
— Re-calibration
— Fuzzy logic filter
— Velocity zero update

74
74
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Experiment

* Accelerometer on linear motor
—40cm back and forth

Accelerometer

75

75
 Original data
original velocity & displacement
s original acceleration data 0.
0 -50
0.5
% o g 05 14100 £
£
05
4 4-150
El
B 50 50 100 150 200 250 300 . 0 5‘0 12)0 1;)0 260 2‘50 302)200
time(sec) time(sec)
Acceleration signal Velocity & displacement
76
76
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Experiment result (acceleration)

acceleration

6
. . 57
recalibration
41
Fuzzy logic I al
Remove noise
i . N
(Noise range : 2 2 i
0.3 set zero) 1S
1, 4
yegen | [ L]
0 1 T T
removepeaknose [T THTTHTTT
-1 il
_2 Il Il L L L
0 50 100 150 200 250 300
sec 77
77

Experiment result (velocity)

velocity
0.4 T
0.2+ 4
I 0 ]
1: only recalibration JWWH}RWWW
021 4
@
. 1S
2: 1+fuzzy logic 0.4 :
-0.6F -
N TS
) -0.8F q
" 0 5‘0 160 1‘50 260 2‘50 300
sec

78
78
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Experiment result (displacement)

displacement

1.recalibration

3=2+zup S

I I I I I
50 100 150 200 250 300
sec

79
79

INS Hardware

Bluetooth receiver

Battery Control board

80
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z;f"’:""‘[‘;“*‘i""wStudy VIl (Longevity of
Contact Switches)

« 2004 — 2008

» Sponsored by NSC

« Perfomed by EREIH (s FTHL 2008)

81 @1
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Switches

 RF contact switch

—FFd #TAIE A ® @RS A2 Pullin
Wg TR G R B AP L
—EREN O FRFT R MR GE Y
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d & > contact force
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i RF contact switch i #* iﬂi;f] ~ 3

ek -~ contact force
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k # 4 RF switch & ¢

SIS
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Bef 4 A4

éﬁ@%w =g

Rt -HE 4 +RE

* Hertz dynamic contact theory

= 3 (4E/)/( Myv?2 )/ Vl Epop,m

71—1),24_1—1)22 L_1 1

1 1 E, tp, M,
E' E E, RR R M

2
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Vo0 =>R#FA4 — &
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Force
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g~ T2 e (1)

Vi

Voltage

l k)(2 = IXdeX
2 0 (G, - X)

H = Afy 2
2

vl %
. = Gokx
' 2H, +Gkx2

Force

/ I
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T 452 4 (1)

© Vi> Vg,
v=%=,/£(VV—PE) &
dt Vm 3
>
T=[dt= [ W -PE) "d
= Jdt=[ (W - PE)) dx L, b
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. —PE) 2dx

H=H,
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* McCarthy RF MEMS Switch

Au cantilever beam
Contact Tips

1 ]
e
Source (Fixed)

Ga
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Step input Shaping input
@104 14 o4 9
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50.3 3 ) | 13 — 5 03 Dizplacement 198 _
o Displacement = = =
£ lg E ¢ o Force{ 0EE
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E Force B E E 04 E
0 [m]
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T 0 0 0

o 2 4 -] g 10 ] 2 4 5] i 10
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Max. contact force —6mN Max. contact force —0.8mN

£ 0 7.5% ehcontact force

s L L —
% TR R 9
System Dynamics Lab. For Mechatornics and Microsystems

gt bW o g sovoy W T

kg}i k%b

] m
<

LSS
m

.
N

G b A,V Gl [
mX +bX + kx = —2—( )? mX +bx+kx=Cgp, (—)
2 G,-X G, -
PREGS ERETEFER 3
System Dynamics Lab. For Mechatornics and Microsystems

2023/5/29

47



Stage Electromagnet
Load cell ™

Tip —
Cantilever Tﬁrget
Beam _ -2%¢f
Displacement

Sensor
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¥ = i{ )& {7 Contact force £ # i ¥ J&
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140

‘ - Step « Theory » Tuning ‘

60

Max. contact force (N)

N
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N
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0
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Applied current (A)

2

7 »xerEs o> contact force
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High Voltage
Amplifier

Specimen
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Stage _4}
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150um
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USB 6229 USB 6229 Stage
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—~EaseVIll Some results from
SICE 2011

» Center of gravity measurement w/ Truck
scale

—Y. Mikata et al, SICE 2011

1 OZE @ i
System Dynamics Lab. For Mechatornics and Microsystems
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Center of Gravity Measurement

* Truck accidents

— Inadequate position of CG after loading

— How to find CG?

 Truck scale
— Originally, peak only the total mass

— Now, try to identify the CG of truck after

1 03@ i
Lab. For Mechatornics and Microsystems

loading

ystent Lynamics
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Dbkl F W b R i vy W T

Schematic Plots

Center of gravity

oystem Lynamics

of car
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truck scale \d‘ Ja / _
Car ——y| / Iﬁ
; @ | a : |
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Load cell —»[||P ;P [/ [/ -
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Front side
load cell
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Second axle Truck scale
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Length Direction

First axle
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Xg = ¢ =5 X
G Wy +Wo+ W, 27 Wr+wp
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" Motion Measurements

» Golf swing

— H. Negoro et al, Hosei Univ., SICE 2011
« Bowing swing

— K. Kimua et al, Hosei Univ., SICE 2011

1 07@ i
System Dynamics Lab. For Mechatornics and Microsystems

Pt # G D,
T R T

Golf Swing

bA 1 g
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Back swing Top of swing Down swing !
d — ‘ I

Impact Follow through Finish

OYSIem Lynamics La. ;of Mecnatornics ana Microsystems
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Case IX: Elastomer Testing System

Mr. A. Barton (MIT ME, now at XEROX)
Prof. D. Trumper (MIT ME)
Prof. K-S Chen

A system for characterization the frequency-
dependent stiffness of elastomer is designed

— For rubber bearing design
— For precision instrumentations

1M1 @ i
System Dynamics Lab. For Mechatornics and Microsystems

i

B Example: FTS Servo

Holder.
N
¥ -
N -

Elastomer bearing
and preload

Elastomer bearings
provide radial constraint
while provide compliance
for rotating motion

[Barton, 2005]

Entire FTS assembly 112

System Dynamics Lab. For Mechatornics and Microsys;ems |
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= Example: Nano-positioner

Rubber bearings

Elastomers provide compliance in x-direction and
constraints for the rest five degrees of freedoms

1 3@ i
[CUff’ 2006] System Dynamics Lab. For Mechatornics and Microsystems

e Y T ==Example: Fast Steering Mirrors

Normal Force
Mirror Magnetic Actuator

Rubber bearing provides compliances
for 6, and 6, motion and constrains the
rest of DOFs

[Kulk, 2007]
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e e T
Displacement
sensor
clamps clamps
’ Top plate Top plate
[ rubber rubber |
Pre-load| mechanism :

test rig

Main compression Force from

actuator

/

/

Displa

cement
sensor
[

Force fromT rubbers

actuator

Main shear test rig

|
Sample [ | Sample |!
=—fp| holder + | |TargetShaft| | holder + |qfmmm
klamps; | pre-load | | || pre-load | clamps
vl

Functional Diagram

Displacement
Sensor

Spectrum
analyzer

|

|

|

|

|

|

] Specimen + test rig
|

|

|

Voice
Coll
Actuator

Power
Amplifier

Main test system

Major sub-components:
Specimen and holders: compression /
shear

Actuator: voice coil

Sensor: Capacitive probes
Processing: Differential amplifier +
Spectrum analyzer

1" 5@ i
Modular desi @W’W"&%—W Hor Mechatornics and Microsystems

Compressi
on testing

stem CAD Drawing and Pictures

Sensor
Specimen

Pre-load
mechanism

Shear
testing

System Dynamics Lak
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Lk o nh _ Compression Rig| il

» Perform rubber compression
test

— Essentially a sample holder and
a connecter between actuating
and sensing sub-systems

Displacement
sensor

clamps clamps
Top plate Top plate
rubber rubber

Pre-load/mechanism

1 .................... 4 | \3 ‘

Main compression Force from Compression rig assembly 14 A24*
test rig actuator System Dynamics Lab. For Mechatornics and Microsystems

g BE Foirhie _
T Shear Test Rig

» Perform shear testing of
sheet rubber

* A target shaft to provide
shear loading

« A 3-jaw clamp to provide
preload (
Displacement

[

Sample [ | Sample §
==Jp holder + | |TargetShaft| | holder + |
clamps! | pre-load | | pre-load | clamps

1—‘/‘

Force fromf rubbers Target shaft & specimens
actuator 8
ystems

11
Main shear test rig System Dynamics Lab. For Mechatornics and Micros
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Eq_____m Overall Test System Setup

e N
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T Power Amplifier f r o ¥

Power Supply i TIE
Amplifiers Oscilloscope

) Sensor Module
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Testing System | ‘ pectrum
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! g }

¢ . * -

urrent Sensing
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SRy i e :
Resistor e g - -—-—‘——"d“-
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—_Compression Test ()
Static Compression Modulus

-3
« Tests are in small 5X 10 -
stress/strain region
» Stress/strain curves R e o
essentially linear /
« Compression modulus = g R R 4 S R
slope of the stress/strain Py
curves £2 ; Q'a'g,una-wjjg-g?:mm
At larger strain level, the - | viwon 75. 0 7amm
curves become nonlinear 1+ # e R —
— Agrees with general rubbel : :
bearing characteristics i ;
0 0.05 0.1 0.15

Strain (%) %

YOI YIS LGN, VS UG S G ST U 15
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i sne Shear Test:

RRER,

Complex Shear Modulus

10* }
D; 102 R A 'é,_f} i ,:'.,‘;TV ;;(!:Z‘ kil
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o
-100
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Frequency (Hz)

121
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asting Process

Liquid rubber

preparation

» Vulcanization

Vacuuming > Molding

Fixture cleaning/ T

adding adhesive
promotor

Bearing Mold

Gasket

122@1
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"Casting Results

«— Cap Probe

‘\ [ /Tup Plate

Cap Hex .\ul:..________*l

Probe Sleeve

Rubber ‘__,/"lr K -t ] | ﬁ-—‘(']ump Ring
Specimen -
— }—Flexure
3 s Target
\ ! } H“"Ad.‘lp!cr
Voicecoil | |
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L o0 __Casting Rubber Test:
“Complex Compression Modulus

200

~180 Njum 2

150 -

Stiffness (N/um)

100 ~ 80 N/um 4

10” 10 10 10°
Frequency (Hz)

100 - B

Phase (Deg)
o

-100|- ]

0 1 2 3
10 10 - " 10 10 124
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- Case X;

National Cheng Kung University
School Bell Research Project

T.Chiaand Y.-S.You —

in associate with
Prof. C. H. Chue, Prof. T.-S. Yang
Prof. H. T. Lee, Prof. K.-S. Chen
Prof. T.-C. Chiu

e i
Project Structure

Engineering Technical
Research

v L] )
H and Acoustical P .
Analysis 3-D Model Scanning

Profile and Scales

¥
Comparison between < .
e e Finite Element Analysis
Analytical and Experimental Results

4

rial and Micro
Structure Analysis
Sound and Frequency Data Multimedia Model Material Properties
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- ——Vfibration and Acoustical
Analysis

1 27@1
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Frequency (Hz)
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1. Using microphone and
accelerometer to record and
measure the bell’s sound and
vibration characteristics.

2. Using FFT to get the frequency
spectrum by using
spectrum analyzer or computer
programs
(LabView, Matlab).

Analysis

g B2, e iehin .
——Experiment Process

Time Domain
Data dcquisition System | |
Acoustical Experiments (Sampling Frequency 40kHz) Equivalent
Damping
Ratio

Frequency Domain Response

Principal
Frequencies

The Decay of
Principal
Frequencies

|

.
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Accelerometer position

___#
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Amplitude(V)

E R A

. WERE

Time Domain Response

§
:
£

&
=4

&
=
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Time{sec)

Microphone Time
Domain Response

‘I'iwésoc]
Accelerometer Time
Domain Response
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Accelerometer Spectrum
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Frequency Hz)
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Microphone Spectrum
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Beating Phenomenon

Signal used
Signhal used . _ — _ for (i;j )h
for it i | spectium
spectrum N | _ ' z/f f analysis
analysis . A N _

!__
|

Two sinusoidal signals with close frequencies

m.=¥ - beating - results in signal strength

variation 135
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ecay of Spectrum Strength of
Specified Frequencies
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Damping Ratio

shoulder sound- Bells
bow
350 Hz| 2.25E-04 | 1.34E-04 | 2.19E-04
380 Hz| 2.07E-04 | 1.24E-04 | 2.02E-04
466 Hz| 1.69E-04 | 1.01E-04 | 1.65E-04

740 Hz | 1.07E-04 | 6.35E-04 | 1.04E-04

o
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Quality Factor

Q ~ — H %
i, 2( Wy —
sound-
shoulder Bells
bow
350 Hz | 2.22E+03 | 3.72E+03 | 2.28E+03
380 Hz | 2.41E+03 | 4.04E+03 | 2.47E+03
466 Hz | 2.96E+03 | 4.96E+03 | 3.03E+03
740 Hz | 4.69E+03 | 7.87E+02 | 4.82E+03
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3DP Stage Design and Characterization
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