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» T34.0 (Industry 4.0) |What is [T#4.0] ? |
« T E M analytical technique
- B fiTexperimental technique
« FRETERT® design verification

- Bftdesign |Why [T%4.0] is needed ? |
- BRverification

- EmR&Eproduct validation
- Effproduct |How to implement [ T#4.0] ? |
- Ffvalidation

| How to achieve the goals for [ T#4.0] ? |

Know what ? Know How ?
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- REEGMEYSHNFERR , WHY ?
- BER [I%4.0] ?
- £EH40?
- SWEMBREIN ?
- B [EX]  SRE. @EAR?
- BEa@ (KAl ?
« EREHEYRE (design verification, DV)5a & f 52 5¥ (product validation, PV)
- AEETRE"?
¢ RAEE [T%4.0] + [FHEREBENF] + [DVEPV] 1§ ?
- Why? RHERE?
- What goals ? EiZF|EEH & ?
- How to implement ? EMARE ?
- How to achieve the goals ?
EM: £RE [KREBEE] ,Hlw: 2?2
- HREE: BMECTRES, [KEARE] > BRA®R]
- IRW: BREAREHLER BEAR] > [KEAK]
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Mechanization, Mass production,

Physical
water power, steam  assembly line, C::t::::r“::d Cyher h:;“
power electricity Syste
T¥ERIRE(A critical look at Industry 4.0).
B A 3R\ : http://www.allaboutlean.com/industry-4-0/
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- BN TRIONRKBE MBI EEN4.0
- WIRHEASI¥4.00F %,
- MRARGTRERERDENES
- WHMTHESSEREHEANE ,
:ﬁﬂﬂﬁﬁﬁﬁﬁﬁlﬁﬁﬁ?ﬁw&wﬂ'smﬁ
« LR RIS /E B (Virtual Testing) [412 2
- FREACAE/CAT (computer aided engineering/ computer
assisted testing) N B & BHER

- REHSTERERRMOTERRER
- BRHEERFNER.

[4] A. T. M. J. M. Huizinga, M. A. A. Van Ostaijen, G. L. Van Oosten Slingeland, A
Practical Approach to Virtual Testing in Automotive Engineering, Journal of
Engineering Design, Vol. 13, No. 1, pp. 33-47, 2002
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.- EH :
- T 34.0 (Industry 4.0)
- XH :
- TREERATE,
- (Advanced Manufacturing Partnership, AMP)
« B :
- I #4.1J (Industry 4.1 J)
- PHE :
- FhEI##E2025 (Made in China 2025)
- BEH
- BE M3 3.0 (Industry Innovation 3.0)
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2.1-Internet of Things (loT) , ¥Bi#8

PB4 (Internet of Things, loT)
www.allaboutlean.com/industry-4-0/internet-of-things/

B A 3R : hitp/
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/ 2.2-Cyber-Physical Systems (CPS)

» Cyber
- Bk

- of, relating to, or characteristic of the culture of computers,
information technology, and virtual reality.

- B, W
« relating to electronic communication networks and virtual reality
* Physical Systems
- MEBRK
» Cyber-Physical Systems
- BERBRH
- BRAME R
- ERMESREK
- MEWE@EE)RRE
- ENESEERR
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/ 2.2- Cyber-PhyS|caI Systems (CPS)

I|I|D HCthFhrslchS\-'slems org
See authors and contributors.

{ Malicious Attacks )
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(1) Internet of Things (loT)

(2)Cyber-Physical Systems (CPS)
REEEM [£ERIE] BHERS

Automation Industry: Industry

B 3RR - ni

The Era of Industry™>8
M0 33 : http://rvantage.net/internet-of-things-smart-
nanufacturing-the-era-of-industry4-C
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2.1-Internet of Things (loT) , YBiiA
Bringing it Altogether — EIM, B2B and loT

Unstructured Information from loT Machines

)

=

Carriers & 3PLs

Distﬂbuwrs
Customers
http://www.gxsblogs.com/wp-content/blogs.dir/1/files/iot-ecm-b2b2.png
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2.2-Cyber-Physical Systems (CPS)

Cyber-Physical Systems - a Concept Map  ses aumees and consibutors.
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(1) Feedback :

- ARHREERETENRT EHEMG
« Information about reactions to a product, a person's performance of
a task, etc., used as a basis for improvement.
. g ;Eﬁa’g&ﬁ‘ ERANIERRES AL, TEARENSE
- Bigdata, ¥EfE, BREA. \WEEH, EB2A, ..
(2) Solution :
- ARLBRRTSESRFFTERENBERERER
» A means of solving a problem or dealing with a difficult situation.

- BREAESEEREELOFR
- BERNE, EHRE, ERUE. Hﬁ/liﬁ/ﬁﬁﬂ
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(1) IoT =» Feedback

- Data = Information
, BEREAYN [RA]

- BEE (3R]
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(2) CPS 9 Solution My
- Testing 9 Virtual Testing éi?ﬂf,% il
- CAE = Experimental Verification
- Verification = Validation
- Component design = System design

accelerometer,
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Feedback Cecificatio DeSIq )
@ﬁ% "E ‘JE
1 DeS|gn
Validation ) Prototype "
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Manufacture FeedP:]ck
B Productlon RN Distribution [El65
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What is your product “Engineering design” ?
« Purposes of “CPS” ? e
- Functional design ZhAE#ERRET ¥
- Safety evaluation &4 5L BT
- Performance improvement {4862 & Reliability
- Quality assessment & & 5FE T
- Reliability assurance AT EERE wRE
- Brand image REF R Qu:;hty
» Improvement =»Design modification s
— Reinforcement vs. Reduction of weight Performance
— Interchange part vs. assembly 1
— Low noise & vibration S'ﬁi
* Benefits of “CPS”(Virtual Testing) BB % .

- Reduction of time and cost e
- Systematic approaches Function a1

B mescmirsseen
WAL

ERAEE] Y
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. R @#4l
(2) CPS = Solution ) A
- Testing = Virtual Testing s T

- BEEMREERSR(testing) Eiica
o WekHMA E# R R (virtual testing) ||
- MEWECAE(RBERBI TR S H)
- CAE =>» Experimental Verification
- BY TCAERED

. REEHES TR W (experimental verification)RE
- Verification =» Validation
- DV 2B (design verification)
- PV ERFE M (product validation)
- Component design = System design
- EERTAGHERE
. BARABRMKEE
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« 32-EmMBAZMNAE [TEERE] BX
3.3-LAIRE R FH 1T & 6l

- FERETRRERZEAHERNEEY
3A4-FRAERRAEIERFTBANBE
35-BAS TEBRHIMERBRBEERRE
+ 3.6-loT + CPS = EMBPAHNRE & £ERE
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What is your product “Engineering design” ?
 Functional design Burlﬁr?d
+ Safety design 1
+ Performance design Reﬁl{iﬁty
* Quality design T
+ Reliability design Q":ﬁty
« Styling (Brand) design T
A
+ Design for manufacturing Perf”{_"a"ce
* Design for assembly e
« Design for low noise & vibration Safety
. o T
K- Design for reliability gy J
- Design for ??? Function »

LR SN 4 S )

What goals to achieve for

P

rd 3

your product “Engineering Design” ?
+ What is your stage for your product ? s
- In different stages, *
» To define your own goals oEE
+ Goals to achieve for your product ? Re"i:_’""y
- Product functional design ? ZhAEL & T
- Safety evaluation ? &£ 5k Quality
- Performance improvement ? fgEdk & r;‘
- Quality assessment ? & 5 57{E S
- Reliability assurance ? ATk E R T
- Brand image ? RIEER Z2
Safety

Think : BRRNERREBRB—BRHER? —k
K Function J
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- RE/REFERIEN [ThEk] Eq
- ITRERE
- BRI EREERN [Z2] Em
- @, 3CEm. TEH#,
- RE/REEREEN [FEE] Eq
- MEAKXKE, BE
c ERFEESN [ERHE] Em
- BiEl, =W, TR
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- B, =W, TR
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aEE
Reliability

HRE
Performance

z2
Safety

InRE
Function

EHaE EY

EEMER D E
Define Problem & Objectives

BURREE
Build up System Model

E R W E CAE# i FE A AT N
Theoretical Analysis Approach Application of CAE
HBREHER lﬁﬂﬁﬁﬂsﬂtﬂ ERBRTRRE
etup

Derivation of System Equations Develop FE Model

RRERRE ATRR/ER EER T
for Solution Perform C of FE Model
B R HWREBER BRTRDITRER
Analytical Solution FE Solution

CESSCNTY P ) EEAEEEY T

"/ &4 TCAE, B TEMA,L = VT,
TIRERFTHEER : RBpHMEH4EE

VT g@EsstesnzE BREESTESERTRSN ZEEBERER

AR A

system mode
@ Model
correction
Response
e arameter
prediction a

W BA PR R

2
T T r—,

c 4-BRRKREESERATRHR

- AEARE. COR, TERT
c 42-BITEZEARGRAR

- Safety evaluation, Light weight, Ride quality, etc.
c 43-EEABRBHRCRTDHRANE

- Component Level > System Level

What is your “product” ?

Nt Wl

\@ &/ W Bk fg S S e g )

Different Products for “Engineering Design”

EHaEIEY

A-FEERRABIBERGEINER

What

about

your
product ?

m hé
Brand
T
o%EE
Reliability
?
mE
Quality
T

HaE
Performance

T
z2
Safety

T

THEE
Function .
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b E
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7 3.6 10T + CPS > ERMBRE & £ ENE

* loT = Feedback :
- IT : information technology : #&AH & /f B 1
- Computer/Communication : &4/ &
- Cloud/Network : /48 BRAEEE
- Computation/Control : Ft 84 #7/4& 8 {5 3 /42 451
+ CPS = Solution :
- VT : virtual testing EE3ERIRE
- CAD : computer aided design®E f§#Bha% &t
- CAE : computer aided engineering BB TR 54T
- CAT : computer assisted testing T F§#5 Bh 535
EMA : experimental modal analysis BB A8 9 #7
: model verification # F B 78
: design verification F¥5HEA T
: response prediction i FE7E I
: design modification E§+#%E
: product validation ERFRE

K:
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#4 "CAEL B TEMA, 2 "VT.
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TERGRER . REBFERHEBE
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Force | 1.Geometry Defso‘rsastlon
2.Material
3.Boundary | Acceleration @
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system model
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+ FeedbackB2Solution
- Feedback (loT) : -

- BERZFENRE -

o FRIFHIRE

- Rt - TRRE

Solution (CPS) : i

L Analytical approach

« Experimental approach

CORAIZ

- Vibration
3 L
- Sound

zE
Safety

* Domain knowledge
REAUR - AEAE

» USGA: COR < 0.830

Other test specifications
* Fundamental knowledge
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2.Material
3.Boundary|

4.Interface

Acceleration

PV
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BITERGT D MABRER : wo CAE

+ EN14764: Gity and Trekking Blcycles - Safety Requirements and Test Methods
+ prEN14766: Mountaln Blcycles - Safety Requirements and Test Methods

-} - <>

I
Boe] (=28

| T
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43-HEABRBHRCEED

+ FeedbackB2Solution
- Feedback (IoT) :
- BR#ERE

ﬁﬁ&i \@

» Domain knowledge
- BEEm AR
- B/ ER/BART

- HE-SZFABRE - Other test specifications
T - St + Fundamental knowledge
ey |SOlution (CPS) : - Vibration
+ Analytical approach - Sound

» Experimental approach

« Structure related
* Flow induced
« Motor excitation

A 452

HEAE
Performance
=ZE
Safety

IhEE
{nction

LR ECIEE 3 3 )

6 4= 4l “'Sﬁ B 4R A

UH

LN

il Rl WS

BB F R fE )

N
7 o mfEsBARIHER

+ FeedbackBZSolution .
- Feedback (loT) : )

bR R

Domain knowledge

EN14764: City and Trekking Bicycles -
Safety Requirements and Test Methods

. R.'de qugllty - prEN14766: Mountain Bicycles - Safety
+ Light weight Requirements and Test Methods
+ Safety

Fundamental knowledge
- Shock/Vibration/Dynamic

ENE RN
RNRL nlﬁ\kﬂﬁl“lm L RAR SN T L
R
!I.\mum
SN : 1049 02 108( =) 09:00-12:00
a2 LR 3

TRE 2
MM'%-

£ - "Solution (CPS) :

* Analytical approach
PEBE
Performance

Experimental approach

= = - o 20-0m-20 il
-S:;iy O TR ORI

ThAE
Qtion
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BTERF 2 B REM : with CAE

+ EN14764: Gity and Trekking Blcycles - Safety Requirements and Test Methods
+ prEN14766: Mountaln Bicycles - Safety Requirements and Test Methods
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/ How to perform “Engineering Design” ?

[LCATEER T Anavk ) Value)
m P.—-——d Index H—H Ceron H—H Improvement ‘]
Sensor Measurement

« Function : Zh&E/B &Y

» Approach

- Analytical approach : 7 #f
+ CAE
* Analysis
- Experimental approach : &R
« Sensor
* Measurement

* Index : FHEEE
+ Value = Criterion : %8 [®({E] >8B&
+ Improvement : EEXE

(%] /

P

LG RE 5 .Y )

a i .
/How to perform “Engineering DeS|gn” ’?\@ /5_ ERSBREIMTNEBESERREARIE

]

CAE(FEA)I—»I Analysis ‘_1
l l. m II Improvement
Sensor I—.»I Measurement (e

(=

-Chord sound plate
[Sachh
0] e ;

« Vibration analysis
»Modal
>Harmonic

- optimization
»Design variables
>Objective function
>constraints

T O A |

Bezier curve

/
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* Virtual Testing (VT) » Model verification

Model
verificatior
‘ FEA ‘ ‘ EMA ‘
MOdel FE model ‘ ‘ Measurement of ‘
verfication A i FRF
Model Modal Curve
correction analysis fitting
A aameter *
adjustment | ™ odal Modal

parameter

parameter

Response
prediction
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* Domain Knowledge * Application techniques FEA EMA
- EREXTR - REEBERS

- BEREB/ ER/IBR .. « CAE . .

- EHE LR - EMA (P-Test)
o DI /B TR /. - REEETERE ST

° ﬁg /ﬁﬂi / ﬂi% + CAE Response prediction:
- NVH: noise, vibration, harshness - EMA Structural Bending stiffness
- BSR: buzz, squeak, rattle - BRERAHESH design -
* Fundamental Knowledge + R-Test modification
- NVH’ BSR Domain Application Em&{i{tﬁ_ﬁ =t i F—
- CAE Knowledge \__. Techniques = HARE  BERE Dzﬂiﬁg:"im B
* Optimizatio T Fundamental . II\:I/I\gl DV
- Instrumentation:\_Knowledge - ERRR
: R analyzer, acc., .mlc. © PV Wang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and
- Slgnal PrOCGSSIng Structural Stiffness Evaluation for Utility Vehicle Frame Structure,” The 25 World Battery ,
* Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, KS7THGPO1.

LRSS AR 3 5. B

T wERERNE j_ﬁi’%ﬁ% \@ ”‘/ CWERERNE  @EENSY
= 5 o R &

Finite element model ~yerification

—

"' L ‘ _iv frame s?ructure
@' FEA ]@ EMA - »
v | v

) .f:‘\ ;f
Measurement of |
| uau.i;ru L\ -

FE madel

v
. -
Madel Modal Curve
0 analysis filting
[ Ty
' Y
Moc‘ie shape sapusiment | —joter— Wodal Mode shape
via FEA ' parameter prarameter via EMA
‘ .J\ .
A
L —
" -
- s e el
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gy
B e
— I [P (finish ) 1 1L * m
Wang, B. T., Chen, Y. C. Huang, H. IL., and Chen, Y. C., 2010, “Model Verification and E2" e (ST ==
ang, B. T., LY. C., ,H.H., a ,Y. C., 2010, /i a - P . ) v . I Vari i aatinn » - e Fualuat
Structural Stiffness Evaluation for Utility Vehicle Frame Structure,” The 25% World Battery Wang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification and Structural Stiffness Evaluati
Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, Shenzhen, K57HGPO1.

on for
Utility Vehicle Frame Structure,” The 25" World Battery Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition, 52
henzhen, KS7THGPOI.
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.S - EE/SRSEHEA[N [Fi4eE] ER
- BEREEREDN [ERE] ER
- . B [TRE] ER :
- B WE] ESR
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afEE
Reliability

THAE
Performance

. 1,224: 1,385=+13.18
= . L 104 : 85.6 :-17.70 Think : ﬁﬂﬂgEﬁEZ:EEQ%E?XW%EE%?

' =
ang, B. T., Chen, Y. C., Huang, H. H., and Chen, Y. C., 2010, “Model Verification :md-Sn'Tcmralﬁiffness Evaluation Er- K

Utility Vehicle Frame Structure,” The 25" World Battery Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition,
Shenzhen, KS7HGPOI.
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[ARERFLMTAG] ZEETEEEF? EERREHNES R EARSE
) (2) BEAR : Design

Manufacturing

. irel
- Fundamental knowledge - Domain knowledge Process wireless sensor

Assembly micro-sensor
- Both analytical & experimental techniques etc. point sensor > field sensor
. = scalar sensor - vector sensor
- What goals to achieve ?

o AT EBIRE/MRF/CAELREH)
- Hifirseh(BRE/EA)
- IEEFABMER)

- B oITEER{N)

« FRERGE4 - SAME TERMNA0
HERMWEEMN,  ELARAE
INERERT - SNBSS TR
D40, MEEEN -

¢ Sensor D

& 5 lin
- El RASE mxE Styling
n ARARRR ~ T D o Function )
v BRI R SR Manufacturing /
- ShEW CAE

v BREGEEL
- < WAEREE
¥ AN

- : * “CPS” be “ALL in ONE” Smart monitoring
self-diagnosis
EEDIXBRAMBR , 2015.10.06 , EEH40HBRBEARRREE a
K B R j; k e “1oT” be the “connection” among “ALL”

DM/PV
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+ TRAORRREHBNEEDIORBRIINRE , c AN BEEAEDNE RN ES N BHBHE
- E%ﬁgﬂiiﬁﬁfﬁuﬁ , BENESLNERRRB TR - ARAEAVEERSHTZER
4.0 s : — -
« loT=Feedback , CPS=Solution - ?ﬁﬂﬁﬁﬁlﬁl&&mﬁﬁﬁiﬂg%ﬁ
- THMEESETRERURERNERRREERS., - EmAEHREG N R NS
s AXRHITETARBRENRSEANERERVESR - B EEPEE
F W AR B . 5B : MOST 105-2622-8-020-001-TE3
- YUERSERERIMERNIE - FHREE  RERFERBE
- EEAE: &ﬁ%PMMTIﬁﬁBIé#ﬁ&E@& , (R R A R
- RATRIOMBNERBERRE EWER.
- EREZNAEIRRER
- REsMERBRREN IERRTERRE
- BEFERABENM s TRARRBIER

E HEIRAOBH TERSREMHNESBARRKRER

LRGSR 4 3 ) EheEEET R & R R & S ) B E AT R
f \% 4 For “CAE" @
WA - CAD & CAE  CAT

. » From static to vibration/dynamic analysis
Thank you for your attention! - Coupling analysis _.

- Thermal-structural analysis
- Fluid-solid |nterface coupllng analy3|s w _

ERESRENEIERBRANER K

- Others ?

ESLSPEI L. TE O .

Academia Industry Technology Alliance for Noise, Vibration and Harshness

(AITA/NVH)
1) FRAE DR~ E R L EIRGE
v g~ BRANVH m& FILH Rdedi S S
K \ Lg,:(.ﬁim;.w\g@fu j” n

- Ao Alps o thEL Rl ESpiey s 2 W E K R P »
/ What CAD correlates with CAE ? : / ‘What is “CAE”?

CAE'’s Value
» Purposes of CAD (Computer Aided DeS|gn) » CAE for engineering analysis
- Styling R = | HREET e - Software & Technique
- FunctionZhgEs% 5t 2 3 :‘i g Y - Engineer & Knowledge/Technology
- Manufacturing BiEMNT ..o =y * What should be CAE Engineer’s abilities ?
- CAEFEH % #r 3 ) ;; Can define the purpose of the analysis [function]

- Can do analysis by CAE software [CAE technique]

- Can understand what he is doing [knowledgel

- Can evaluate why he is doing [index 9 valuel

- Can correlate to experimental verification [value = criterion]
- Can help how to improve the product [improvement]

- Can know how to do right in every stage [procedure]

W CAE(FEA) Analysis - A
(Bt & i =) Criterion
Index Improvement
(Value)
J K Sensor Measurement J)
61 62

-, By B L BB fE ) FEhERFET T y Bl B F PR fe ) FEHEEIFY R
7 ) L E] 3‘/ Application of EMA to Validate FE model \@
For “Instrumentation” in N&V for Diagnosis and Structural Design
» Hardware

- Analyzer $E5% 5 17 8% ‘o Vo [ ]
- Sensor BRI : S LN e '—> .

 Important concept in CAD application
- Geometry model
- Point =& Line = Area < Volume
- How to build up the geometry model ? .
- Solid Modeling
+ Bottom up approach
+ Top down approach

+ Relation between CAD and CAE
- CAD €= CAE (Computer Aided Engineering)

R-Test R-Test

T
T
wE|=

» Signal processing
- Time > Frequency

N

+ Accelerometer INiRER o : \
+ Microphone Z%2 &, . J ; ’ ' " ‘
- Force transducer ;7 E§ it 38 _’|‘M LIC.LIK "_’| MG K "_’ Y ° é

- Advanced equipment ? PIRT () ] i

Gy, (F) G, (f) G, () .
* Types of tests SN PR N P w @ ___
- R-test 6 o) 6 ‘\
- P-test i Bh

i "'F! pid

Dol D03 Dos
Doz D4 D6

-l'/lﬁﬁﬂﬁ

(structure system)

N
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Sound and Vibration Measurement (SVM) Program
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/ Domain Knowledge & Application Techniques i

Knowle__dge oL &g‘r]_piques

BEASRIRLE
B . DE/ SREEBEE K
S XIKE : COR, Test specifi ication _
 EREBCBRVBERG |
- EWITBIAE : 1SO 2631

- IREER : MIL810-G

- TEH/YHERBEE

« ENRIEEEARAE : JESD22-B103-B
- BEMERERIME 150 90521

-
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* Domain Knowledge

< analyzer, acc., mic.
Signal Processing

-

- - REEEES N
o B> FREMESR « CAE
o M . =FK(Triad) , i : + EMA (P-Test)
- K=f&E , CM > Do, Mi, So . EEST
. B BERZE . CAE
- TRSRRERREHEEE - EMA
 Fundamental Knowledge - ié‘fiﬁtﬂiﬁﬁ
- Vibrati - ReTes
Csomnd P e
- CAE HART  RHRE
+ Optimization : MV/ DV
- Instrumentation: fE';'D"V R

» Application techniques

Y

Ble B PR R e

jﬁ./

6.3- 3% 15/ /5 Ry

- ER
- Law / Regulation / Rule

E X/ & : Standard

IR §/38 4% : Specification
- Test method
* Apparatus / Instrument
- Index > Criterion
. RBIRE

- Acceptance Criterion

- ISO/EN/JIS/DIN/BS/SAE/CNS/ANSI/ASTM

Domain
Knowledge

Application
-Techniques

CAE(FEA) Analysis

Function

Sensor Measurement

- \
>I Index I—IH Criterion |->| Improvementl
\ v
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“BEEER/RIE/RE 2R ?

-

+ Regulation %3
- Index =» Criterion

« Specification#i 1 /33 &
- Standard

« Standard 2% , fl#0 : 1ISO 9052-1
- Function
- Sensor
- Measurement Domain . Application
- Index _Igchniques

- Index =» Criterion =& Improvement

Knowledge

[I Function H Sensor I—»IMeasurementI—l

(7 )
-I Index I]-»I Criterion I}—Ilmprovement
o

* Domain Knowledge

* Fundamental Knowledge
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Application
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 Application techniques
- BE/IREBRRSES T

* R-Test (noise & vibration)

2 Lo

+ CAE

« EMA (P-Test)

- FEMEEEES
» CAE
+ EMA

- HARS
- MV

- BE/RE R BB
* N&V diagnosis
- WERE

i « DV/PV

Y
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SRR

N
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. Example to Implement “ISO 9052-1"

1SO 9052-1

1~ load plate: 2 - specimen (resibent material) 3 - birse:

=

_.“_>
.

CAE(FEA) A
Function Index C(I;IItaEILI:)n Improvement ]
Sensor Measurement
~To determine dynamic \
stiffness of resilient B LT
materials ’Vceirncal.v:bratlon force =47m
»>White noise Apglication
>Pulse (hammer) S F/ - k
d § PR S
f =59.8Hz " oz\m/s

i " Function s
L™ e

2+/mk i

. L rresi an

AL = 30]0gfL

Frequency
Response

After Barbarresi and Semprinj
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Why ? Know what ? Know why ? Know How ?
What goals ? TR ? RERE ? WMEANE ?
i g = = 5 /A i N
|TE/mEE| ||TaEEsEe | ®il/5E |
N N N
Analytical - —
Approach I Function ->|CAE(FEA) Analysis Index I Criterion I‘-DI Improvementl
Experimental | Function ->| Sensor I— Measurement | Index I Criterion I-DI Improvementl
Approach ~) ~)
B > Pad prd AN ~
-CAE software «CAE : ~Time domain -dB/dBA A EIns e
>Static +Auto spectrum 'gef"g"
“Analyzer >Vibration +1/3 octave band +1/3 octave band :Others
*Hammer/shaker »>Thermal -dB/dBA
~Accelerometer »>CFD ~Time-Frequency plot -Auto spectrum
*Microphone d 4 >Waterfall plot
«Intensity probe ’Rsetz‘éir test +fh-> ODS Time-Frequency
~Acoustic camera S plot
.LDV P -FRF >Waterfall plot
+Path test N
+Others SEMA ofn> dn>én
Hel >OMA +Others *FRF
*fh=> ODS vs.
he fn> dn>én 72
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[£i7] WEHFRE
- (Technology Oriented Research, TOR

7

[Em] Bafsx
- (Product Oriented Research, POR)
[E/] BEHAR

- (Intellectual Property Oriented Research, IPOR)

- (Merchandise Oriented Research, MOR) N

[A1%] W - B

Erd L Th i

- (Venture Oriented Research, VOR)

. BT SAN
- BEMEELHRTRRE
- Road MapH fif3& £ H —
- Business modelEJ ¥R = AER

L1 L]

B B SRR e ) EH SR ET 3

EIELIOB®T
ERERREMNESEARARRE

« CAT : sensor, internet transmit, cloud storage

- Sensing techniques:
+ wireless sensor
* micro-sensor
+ point sensor - field sensor
« scalar sensor 2> vector sensor

- Smart monitoring system
- self-diagnosis system
- Objective oriented App system
» Market<» CAD €= CAE €->CAT € CAM
- “CPS” be “ALL in ONE”
- “loT” be the “connection” among “ALL”

Bl B i B R ARk

EIEAO0B®T
ERZRBNNESERRARRE

» CAD
- Styling ER &
- FunctionZh 5% 5t
- Manufacturing #4380 T
- CAEFER £ #7
« CAE €~ CAD :
- Protocol between CAD and CAE as well as CAM & CAT
- CAE for design, manufacturing, process, assembly, etc.
« CAE €>CAT:
- Automatic links between analysis and test
- Automatic model updating, design verification, product

EHaEIEY

a

validation

- MV/DV-> RP - DM/PV
+ to be implemented with artificial intelligence (Al)
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