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FRRMERE B AR IS 225 - ERAVIEH R Re SR BH el -

RN EBURFAHAR IS - IXRETFERTAT SE NI Ry REJRBIT ST AT - FBr 38 Z Beffabr 17
TEFIRZREZ SN IR EEEREIRAFTER - L2 2013 |EEE BUFREZ TG -
— 7 Te SRR i 1] e A RE A PRIBEE (UM S b S5 A B Z el - 55— RIZES IR
H R RE TR AT R B VR - 0B AR ~ WARIEA » B S i ARt
AT B e R et

B BALHRY - R G > EEE e E vt 20 TR E AR Z 0T >
REFEIS TN Z BICR - tRp R SRR R Al ~ MR E R 2~ TR B S B
SRR RN » B R SR F AT E S A ARSI AT L
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1A: Medical Ultrasound Transducers

1B: Hydrophone-based Measurement of Ultrasonic Fields for Biomedical, Non-Destructive
Testing, and Regulatory (US FDA) Applications

1C: Signal Processing and System-on-chip Designs for Ultrasonic Imaging, Detection and
Estimation Application

1D: Nondestructive Materials Characterization by Ultrasonic Techniques
1E: High Frequency Transducers and Their Applications

1F: Biomedical Photo Acoustics: from Bench to Bedside

PURCRARA

2A: Acoustic Tweezing: Modeling, Implementation and Applications
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2B: Materials for Ultrasound Transducers
2C: Ultrasonic Characterization of Advanced Materials

2D: Quantitative Acoustic Microscope-Measurement, Analysis, Biological and Materials
Science Application

2E: Plane Wave Imaging and Applications for Ultrafast Doppler, Elastography, and Contrast

2F: Ultrasound Contrast Agents: Theory and Experiment

1. BFERE -

£ E - MPeES2n T 1D Bl 2C /Y52 - 4 1D #YEREE Nondestructive Materials
Characterization by Ultrasonic Techniques > F{=[sf] Saarland K221 Walter Arnold 4% £ 5%
WIE 2.1.1 » A fERZE AR 1ZFP JERES IR 72 AR (R 1% - (T Saarland RE2E
Y - BEREBIE A - MAEERE e rdH—1k 1ZFP S & B A3 ER A I U7 T — 28
AR RO Bt A S A B T3 57 A4S - DU E L E R B U E R (EMAT)
PREA - (R A sy 28 AR SRR - DA B R 2R 11 (Tread) 44T S H0E 2 4% Bl 5 2%

BT H LR ES RO IR B RSN E R CE A& (PIG) » Rz il B B ifax

5 5 IRt 1 SRR A o

EAPHYSRAE T 45 TR NDT BEASRMRF I SHGRIR T - EFE -
(1) FESIEM © EZEFFO K HR #H iy
(2) 12#2$H 17(Screw Tightening Force) &M
(3) & BN BB S AR B 8 S B R TR
(4) BE(LAREE R © I RIS A (Back-Scattering Method ) & 1 e e { B AE
(5) EEHH=EE B s LR ORI BMA) B & & I HA A

(6) s={1-(Die-Cast)P el aTAS © L 50MHz &S PVDF ZREFw ML A U S PR &
RLHCH R

(7) 4552 EEES HI(Structural Health Monitoring, SHM)

(8) LA #i(Reverberation) s i & MIA R e H I 2 W - ATEHIMTRIEE ~ S22 bR
J&

(9) JRT IR SRS SR (AFAM) - I 2 g iR B 24T 35 22545 it (Acousstic. Near-Field
Imaging) > HI FHF A2 5 B i b M B A
2 MFRRER ¢

N4 2C HYERFE Ultrasonic Characterization of Advanced Materials » FHiEsERFEEfEEL T
£ 2H



RS FTE S E 521 Michal Landa Zi#% K Hanus Seiner ~ Petr Sedlak Fifirifize &
oo WlE 2.1.2 - = A\FTRERY EERESRAT ¢

(1) Introduction to elasticity

(2) Introduction to wave propagation in anisotropic elastic solids

(3) Ultrasonic methods, measurement and instrumentations

(4) Laser ultrasonic, implementation of laser optics to ultrasonic methods
(5) Procedure for inversion of acoustic data, sensitivity analysis

(6) Examples: recent material problems

FTsd N BA Se BER B S AR08 - TNE BIRAVIER] - LA F-E S - R E A 5
A LAFEAHRERY - DURAETESRIFSRrRE R R 2 IHE - IR =5 T Jrafilt -

(Z) SOt EFEREEaE

IEEE (The Institute of Electrical and Electronics Engineers)#y ] [& #8 5 ) b &5 &
(International Ultrasonic Symposium:- [US)&FE2 81— 5 (2013)FHI#f IEEE &~ UFFC
7 (Ultrasonic, Ferroelectrics and Frequency Control Society) 2 IUS ~ ISAF ~ IFCS ={@ =+
AT E S OFHR T » B EBOMNARZR B 5w (European Frequency and Time Forum,
EFTF) D& JBREE 7 #1485 (Piezoelectric Force Microscopy, PFM)f e » 75 5 I s e &
ff > 1° 7 A 22-25 HAEfE e AR EEATHAS AV IR G b 02 T WE 2.2.1 - HIE
R4 © 2013 Joint UFFC, EFTF and PEM Symposium - #1[& 2.2.2 For > 5 BT
I

International Ultrasonic Symposium, 1US

International Symposium on the Applications of Ferroelectrics, ISAF

1

2

3. Piezoelectric Force Microscopy Workshop, PFM

4. Joint International Frequency Control Symposium, IFCS
5

European Frequency and Time Forum, EFTF

(R SIS PR RS SR E#rSE PG 1 Rutgers University 2 Ahmad Safari 2% £47 > f#52
5 (Local Chair) All R i sa W7EERFFERTHY Jirka Hlinka {8 - Apfifs gk -h A E TR AR
b SIS > FIRHGHR Z SHRE NI ERNER L EHEEREERE
I > ME 2.2.3 - FRRHLGIRES SAEAEE - Hh i B Rt iR (H S — IRV E R RS
#%(Achievement Award)&GER[E] T SL b Fe e 2 iR Kb £ - FREEALR 2 FURAIIFE » B
gt > DURAt S IEEE UFFC 2K HAY R - 408l 2.2.4 - Z2f 988 2K E 2/8HY
WA SRE - 7 H 24 HREIRERtASEEE SR - AE 2.25 -

FERbTEfgHAa 1870 A2 - Hhdya =7r—RE4E > 572 IEEE W& 2t

T UARYRAVER L SRS > DU SR A s SRR F R 5 [ (BB E b & 7o 1
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R o S EE e NBILISEE 328 AR > HIURF RyAE] ~ HAS ~ (38R ~ 52 ~ tPETR
e ~ g~ B BRI o I 50 A2 R NBHE IR 2 — - fEIREISN
HEZEET  AEEIEH S EREETNFTRBEEEKFIA R TIEZ B GE (T
Z8) > SEREM AR TR - FPEN P OFERM LU EEFFERZ G IR
REMEEEHELEFA -

e & MR 1600 R > LIBHSER KU mas R S5 —F  S9A KRG (Plenary)6
iz ($JR—Mr) LU R8I R (Invited) HYJHEEEE 68 fiL -

Heson T > 7 48 ([E2fEiry - A1E 2.2.6 - HNE 5 (AW g & 08T > HItbE
an B (b - AEEH RS - E8R ~ B - PRI A DR B R S BMR E -

(Z) SIERSCERY -

ECEE Y B = RAEI Sy BINE IUS ~ ISAF-PFM DU, IFCS-EFTF = IUS Y53 By 5
5340 (Group) » 4RI ¢

Group 1: Medical Ultrasonics

Group 2: Sensors, NDE, and Industrial Application
Group 3: Physical Acoustics

Group 4: Microacoustics — SAW, FBAR, MEMS

Group 5: Transducer and Transducer Materials

Hrp DL Group 1 B&6EE S 2 s ¥ % > Group 2 Z TEEFMAIIRZ » FEHAIEE
SEAHR R IUS2 HY Group 2 5 S35

B T CI5H(Oral)gg £ » A —FRYEm S LU (Poster) )7 =883 - K& R RIZEHER
FRRBEEEIG2E - S - BEGFEEGE - 52 |EEE MErErvfie > fE 2.3.1
HEF 2 F# 2 AN E A fm SR -

HEATES  EERKSIFE - Pl g U SEERSE R OSSR a BT

(—) E(Guided Wave)#Hlsx

DU A VB B I BRI 2 il - AT SAE A RS 2 e - SE50° 2008 SEEILR S
A NUS B - BREE T 235805 b lAHRE 2 sl SRR AREREE - NitAa®E A
2 =IRe th U h A R Z st =8 > IS EE Ry - NS FEEFIXI AT
PRt gese - Rdigy 16 & A -
ARSI G A 2 RELUT AT BBt IR 2% S E R R SC3 R - okl
%4 H



2 HABEEEAFTNTT) » FH9e £ F#E(Cylindrical Bar) (SER » i+ 5
5 LUROK P R A B S AR Sl Durham KERSTER » 1EPVA S BHBa S
Barh BRI > B -

TE NTT HURHZE R - 27 P o T R SRR A R7 PRI BE 2 M s 22 A [ 18 P Y K
B IR EA AT EIRE - F(n, m) ~ L(O, m)FI T(0, m)Feid e - TR H gAY
FEARHAEE » 5387 L(0, m)Ed T(0, m)fERE T2 RSH A Hh 4% (Dispersion Curves)

Hipge 2 G5 R BN > DUEN i A ES IO o BRI I IS KR
o WHBHEZR A TEEE B E Y - AE 3.1.1 -

1T KR RS FrAYIZE - ¥ SFR(Sodium-cooled Fast Reactor)ff)s4 4k 7 JE 284%
BB R B e R AERET Y > R 3.1.2 o LB RN B LU EAE B EH
J7E kR P AR S SR e fIRL il - BHEZAE NERRA S R REENHY E BS - BT HL AR
Bt DA, 2 M RE DR g I > LD ER 7 Rk - ARmsC H pile DABUE L - SKHEAR
P E P AL 78 A 600°C JRRESR - R By 10m/s I 2 AEEGHT 4R - ELFE4E R A8 (Longitudinal
Modes) L(0, m).Z #HZE % (Phase Velocity) 5k i & i+ 2 /5 (Group Velocity) S &R - 33,
tH 600°C i RESA[EFEAS (Liquid Sodium Cylinder)jfi £ £y 10m/s 7 fHZRFEAFHTHILR » DU
ZE i E 2 SRR &R > B TIERERE & (Mode Coupling) - {FEEFE & 1Y B RE DA ROHTIR
AHASEDEI - ST AR R R E - RS BURLHY ~ &AL (Low Dispersion) ~ DLk
Group Velocity B4 S S ERIMERY » DU E B T HERRIE T

AWHFEHIEERR - WE 3.1.3 B © (V) ERSNRA /RN BRI - gt e
HFARE Z HHIE (Phase Shifts) 5 (Q)EHIE N A RRRENIY B IR AR EF‘ A DLE A FH R
JEERE(Group) HYE R R RERE ST RKHY o Horp— IR BF AV RE R SR DR R RS - (R Ry
EAEEEER R FORRESN R SR - AEgERE S - 55— @B;’EE%%EI%E%EEUT
JER AWV E RN - KRR T ME SR RHEEAR - Mk~ 2R s g
SERE R A A AR DL R = & AR Group Velocity S R fd {4 - ZIKEE%%%%ME’FE%%E%

—EE 0 THETAE 2013 FRATE TE Y 2 SR A -

(Z) BB BB S SR

SHIARHE R 2 TRk (Attenuation) 7 )0t AT DR i — te bty M Ba Al 2 LAY AR
[ o ARHERRE B R VIR E] o B BB > JRETELE (Scattering) Bk L (Absorption) © #5
B FEAER > ERHETHES /ﬁﬁﬁﬁiﬁfﬁﬁiﬁ% » BT AAZ SRR N RS EAROK © TR
W HIT R N B EEAE R, » S RS R R DAV EN 7y - IR =) - B AT TSRk
S AT » 822 B HIHH ﬁﬁgﬁﬁ&dﬁ(ﬁ’]ﬁﬂ%ﬁ&“ » PRI SRR U R B S T Y
SHIE - g 2 B RHRAE R 2 22 > BADRIEAL(AGIng)ly - HfUsSE I E giEE 5 E -
PRI SRS SR e U > PT DA A LAV B EE M - DIECREEZR4H R 22

AT 35 PR R WS BRI e 2 A1 FH S RG22 ey » S 4% &y T Measurement of
Ultrasonic Absorption by Exploiting Scattering | - 1F[& 3.2.1 J » EEEIE BB Z R 125 AR
(55 > FCRZ R (Wave-Front) /B E &t 5L &y A AR BT - & sl iEiy NEY - B & simad i -
AT Sk 5 mi - AR AKEYE [ B0 - 0 A2 HY HCR R & 78 ol (4 A 28 A e 28

%5 H



(Reverberation) » bbsr AT AR fCHE R VI A A [O12IEREE » ERIIMAE ST [0 DR 2 1% H AR 2
5% o /N AR A Z R SIS RGH MRS R A - (EERE{E RS TR N 7o M
FEMEER o ETIEEE5RAVE R (Decay) © HAZIRUTHYRZEE - AR FIZREHE AR - RIEE
BRI MREHE AR > Se RIS i R e SRTRUR - W Ha R STE/ N -

3.2.2 jZ—{EELAT L A fRTEi (A-Scan)(S5% » £ 0 ms & [ [EUR 2 1% » i E 2
(Z5% » HIRIBE ISy T EIB E 15 ms £ » B R R Ry -

I LA B SERIADRHE R R U B RlT - A —Sea AR R R s h 22 401 » il
FHEBEEEIP & - BRI - M0 S Ee sk (Ferromagnetic) i S pl IFHE 4
(Paramagnetic)id 7 BESE R R ~ DKz —f& feifi AN 12um 7Y 2% 5 (Polycrystalline) #il#4 B Zs oK
&hdm(Nano Crystalline) g4 ¥ 8 2 i = 52 7 LEES -

3.2.3 Ry AR WO BB BT AR I 2 2201 > WAfrRER R 7y Al e LRSS 8 2 Ry DA R JBR
ERIHE N 2 4551 - BT RSN RN > U &g - [ 3.2.4 Kol AR 20
Wz J7=K  JERTE $SHS FH S8 S IR R A < BEEOR 1S Ry 473°K - [ 3.2.5 A RIAmAL R
SRR 10pm B > WU S REARARE R &R IR - GRE Sk KT 8 INi kD o

(Z) BT IRREMEE(AFAM)

JH T ER EE R (Atomic Force Acoustic Microscope » AFAM) 2 2454 3.3.1 Al
R ErEsE e R T T8 (Atomic Force Microscope, AFM)ERES &5 #Y—F#T U570k » Al
15 Z A=) (Lateral )it S » RioRah 2 858 &R lT o & n] DA AV R miny e b e
P45 (Local Elastic Properties) » H i eyl AR 14 (Stiffness) i 1L 4 B8R - EE
T e fig (Contact-Resonance) DL k52 7 9135 (Near-Field) il (G5l - '© /2
22 AFM R8T R (Tip) BE A E AR FIRIERIE T » Pt IERY Stz - 40lE 3.3.2 th&
SURIME LR AR MR E > FERMI MR E AT S0 R 4 g A RS (R s RER) » B
PRIBECA - MHRMER AR E /RS - 5 (KA dh (Flexural ) F1#H Hh (Torsional) H4RAH
7 HilE Fy KHz F% MHz -

ATELHR ) AFAM Fofll Y R I = 255 iy - Horp—(E 2 Rl ieriiln - BgdtiRikal
FH 2R SRR 2R DR R 26 f@ 45 AR 2 BRIEE » (EMUR T2 » % R 2R IR 26 @ 45t
(Sandwiched Structures)4t & > 54 (Bond Integrity) @ t5t &5 ELALZE (Adhesion) ihE -
WA A ES FE on A e [ Fokker /A H][Y Bond-Tester o H.2% & PREH (Transmitter) 2 &t
0.5KHz~5 KHz Y115 (White Noise) » Sl HIRT AT {24 i AHRIEIT 208 2 A4 - HhARAREL
PO e S AR

alt AFAM Z &G [E > 2 4E AFM 1Y R EF (Cantilever) fR &6 85 8 & R #ABE %
(Transducer) » JHEB S 8 (590 7E 4 SRFTAE A 7 (SR IBUA B IL - MRAE BT 4 (VIR IB B G
EHEHEGENY) > B IRAGS RA R R o B DOCET &R 7 S E 50 - AR
RE s AETE MR T 7 R E AR Z - A 2235 AR AR 25 A TE R T J7 89 05 =08 Ky
AFAM ; B SR B N BE R I8 -5 X8 & UAFM(Ultrasonic Atomic Force
Microscopy) = Wi EHIRESRAZR 2 - AT E VGRS HARE 88 BRI BV Al S a5 St
AP

%6 H



AFAM  FI| FY 55— {8 T B2 R i Ry B B2 A5 i AR i - A — MRS R il - R Ry
PRUA R 55 e P e AR YA 4R ATOR (Initial Pulse) AR E RV T - (H15HAT R EHIRHIGE J8EL

R T HZ LR - mlalE 3.3.3 fow 0 DTSR EBR A B AT PR - Bk A
[ /[N PR (Aperture - JEHDUARRERYSER)AY T AR IR R ORISR TR » 407N i)
HYEESR - 12 AFAM Z4iH - ARM £EHAVRIRBIIA Bt ThgE » IR mTRFak &0 #i [ 45
R AT - JELUEEE N Aperture » DUESEREEITISMIERAY > HAE 3.3.4
PR =T R B - EAVEREH RmHYE1R(R) Fy 20-50nm - R DLEJAIM TR
AEIHYFF4E ©

PRET LY FR B > R TR AR S TEIRE) - EFEE R - M DURATIRE -
LT AE50 AFM BB 1Y S fEIRE) -

3.3.5 BIEM AFAM EHIS 70k - AR ERER - 2 RIEREZ MM - a
Ry FilEl (Topography) ; b [& Ry EARIEE - nEREE SIS k= e EME - &

BE R GURAT AR By 160KHz FFFTEIRHY © C BIRAIRAAE b [EF 1~ 2 lia & 5HHHE
HARAAEL -

3.3.6 Fydmfir R~T By 167nm HYEE oK &5 i 857 (Nano Crystalline Ni) 2 £2if ik &0
GEIR o HIE IR m M (Anisotropic) i in - fRiEFTIS VR EIE s Gor i (QE /A4 - 1F
OB PAL ~ 4 - B =T ERIEE IR (@B G E 5 (b)E 2 ot fy AFAM Y2
filgHARs g o (o)l Il R Rl 14: (Contact-Stiffness) 2 (Gl - mIHIKIZ BRI 73 -

TEZ @R FEHERGMESMHZEENE - RHEEREWIEE - 2=
@) ~ 24ER% (Nucleation) DL LR B B HBARVAZR - HRe 1L MBI EE
HIFHRAME R - AT FH &R SR B 2R Y 77 ARG 5 H 45 AV % {LA2E - AFAM/UAFM
R R] FHAE LS T » [l 3.3.7 BRI 87 625 MR I f R 2 MasCe ik (L) » ZEE Ry HAR
EEHEA > GlE a By 1 FERElicss& - b & 2 FERElicss - ¢ RIGEGBIERIL
(Normalized )y 2l 14 52152 -

3.3.8 Il & PTC(Positive Temperature Coefficient)s#if&E (Thin-Films)#1ifl » 7548 [E] 5 &
RFHY AFAM 525 Bt Y BR R ((Piezo-Mode) Y25 EEi - BREEAR T [R BRI
AFAM - N[EIHY S RS9 B REAIBTRET L 2400 - $ERIPI TR MR R E g
[ EREEREMEATRE - A& EF e AFAM 288 BN ORI 7 2 Hagess -

(P0) BHEE KRR (SAW) :

BN B B 7 (Surface Acoustic Wave, SAW)#fEIAE S a8 S e — ER G i
HIFET - B2 R R XREM 72 A U L R 4H 4 2 Al - 1T 22 W R il 29 i R pE
2 TE AL BB RS o - B AR BT S R flsE 1) - HA R & E7EAY T =0
ZEtE o o TR AVERNBE R EHMEEE - SHEAVEHETT - REERERE
AT DU AR E AR TN M RIRE L - DEHMEMRHEE R —ET7% - aTHYE
HAETTRAVAR o ATEARPTIERTREIRIASE L > Fiss—telaig & auprkl » KPS E A Y
SEEEEAMRTH » A R S SRS R I E R Y T R EADRER I - RIEEE R

s T7TH



WETE - EERE AR DS R R A L

B SR A R B S AT TR A AR 2AEE - M A AR B M MBS S e )
A AN RS R - ARV R BFS A T B E ARG (Bulk Wave) » PUK
FERENEZEHVZRE R (SAW) - 41E 3.4.1 FT

AT AFAM 85 &6 R SRR A 2 BRI Y 575 » NS RE e S ST S
AT IOAFIREYEMN - BIRCR S S IR R AR - [E] 3.4.2 S so BRI pnBe %
HE el - w] FIRREEH T =0T &M - (REL Nd:YAG HRfErEs ShsaseEE Z R - LA
He-Ne &5 SR -3 E iz U - & 3.4.3 A Sk 2E (b2 Micro System Analyzer (MSA)
fas > B LR R (Resonant Ultrasound Spectroscopy, RUS)#¢ift - & MIFESE (]
PESEIE AR B R AN BB (Internal Friction) FEA7RHAE -

SAW I ST TAREES: - HIARZH W] 8 TR R O CRIERE
& PRI SAW AITAT AT R A1 =

1. Beam deflection method (knife-edge technique)

2. Interferometry (surface displacement detection)

3. Diffraction grating technique (light diffraction arising from the periodic pattern

created on the sample surface by SAWSs)

3.4.4 Ty SAW ST R BLIREUL ~ 28 - BRATAVREILTZ0Fs Beam
Deflection Method - ifij & 3.4.5 Bl B R 448U (Interferometry Detection)iy Z.47% & -
3.4.6 Hil &5 DL SAW &= H| NCD (Nano Crystalline Diamond) &5 » LKz DLC (Diamond-Like
Carbon) SHIFEE Z 4558 - ] DAFIA SAW Frfs 2 SRR T AR 7 A S HipEE

(f1) EREEEEIAI(SHM)

TEREZAHET & o - S 4% (g Bl (Structure Health Monitoring, SHM)HYE & 5552
HA - SHM Z 450K RUA1 25 (Sensors) Faas AR 4H AR Eah S | - DA - 5 EHh B ]
REZEAE 2 HiE - DAREORELASRESE M - SHM ERIes FIEHIGE RS 55 ~ Ohad ~ JEah - fi
BEREREFTEMKAVIESE - R ~ R - DRSS A ZER - TSR
S AR TE AT A TE R 2 7% - AT SHM JURIES - B T o] LB (R E B4 ISR
BN 750 » TRRHME ISR SR R A VA RS TR © [ 3.5.1 Sy fRpat s (a i Bl n] %%
EBEAEH - IBEENZ BiE - MEFE A -

' SHM JEAIES 7] 73 Ky 51850

1. EHMREEHIIESE i bRy 7%

2. FIHIEJIR IR T

3. IREhITE

4. HEEBENRER RN 74

BT EAERTES  EARANG « EASE > SRS R A — B0 -
Bl gt b SR EEEC 1 - (8] 3.5.2 Fy H Al i Y BRI ity - B S A AAs e i (Fiber
Bragg Grating, FBG) Ei 1z 55 AIfESS « B 17 ~ JEFE 5 FEESY(Acoustic Emission, AE); ARSI

%8 H



Zu6% ; FEbs s 22 %50 (Comparative Vacuum Monitoring, CVM);EESHIZUAY 5 FHEERERS
F o~ BERVER AL R BEHIA DU M e SR -

FE BT AES  FEES CVM IR RS AT gL AR - 1 HL ATaE T DL R T
SFEEMRAEIEEDN] - NIEEFIOLAREA - & 2 H Structural Monitoring Systems /X =] B & YL
flr » FERPRRIE T - BH TR SSELEGER - B EAREE - AR - M ER -

CVM HYLAFFERANE 3.5.3 For » HRUAIESAL R (RAGESSHE b - AR EaARE Mk
{RANHY A7 (Gallery) - 5y R EZIRGE - fEE PIEEC A7V 1 o 55 1 8 78 A1 38
HRR TR EA” - H— B2 R R AL EREZZF V ilE  5A —BERURES
AR ENBER 2 BR 175 - BRGETASHE E3 AN ZRER AR #E - IR
EaTRTAIHIRD - R RF IR 2L R EGRTRY SRS EHE 2 - fefg nl BURSLE T
B SR/IN © CVM LRI N 224 - BRI 38 IR Ry 250um » JRET4E/ N4 100pum -
3.5.4 £y CVM 40 Frlie Ry 2 aaiiss - ol Flll Ry 24 48 AR PRI 2 45 5K < ] 3.5.5 2 CVM >
iR - 5 EA Ry CVM RER AEE4SE Rl RE A AR 55 HeZ ElFLITAT 2 I8 A -

FERERTET EHY SHM Session tft K& BIGEE ISR B 817315 M. Todd #3255
B o fE R SHM AYE ST T/EELHE - Measurement - Feature Extraction - Features
Sum-of-Squares ~ Damage Index ~ Future Work - ffijE:t Feature Extraction f1f% Engineering
Knowledge Ei Trial and Error Black Box - #[1[&] 3.5.6 - Todd ¥ H Fify Rz S > BBl
Hr > FIFE @ Trial and Error J5=0A#EHUR L (Feature Extraction)i - FIREE KA B {ERY
EilE - eI %% - AR HA S — iRy UE e B AR T sE AL 22
flafE{E - EAIA—EE TR O - fiff Sum-of-Squares [EE: - BHELHE A Z i
S > &R —LLThRERY5RE - £F Future Work [&ES » Al = FIEHY F284% - ii15 SHM
hRe i A RO o

Ry T g PR - Todd 22t 40E 3.5.7 » f& SHM 4f& DP(Damage Prognosis)
ZHERE - EE ETm AL EMEN S SHM » Bt FEacat Ie A5 &Y - i NSHEAN Ry DP >
— JTHRHHAT AR A EHRRR R TR - AR - AR IR =AY B - DA
K& s _E75 SHM #Y Decision Costs Eil Decision/Action &ifl—#E#h{T PRA(EFEEE(L) » LA
AR THIIMERY AR SR TE)  (EEBRaEhis &5 SR AR - sE3F BRI - I
BT EE S RI(Risk Informed, RDFEE - FHRefEasat P Bt Al es il ES B 508 Al
:FEAE

SHM EfEZX ] LB 45 R Tl - (BAE R IR AV IBIR S IR E RIS 5 A N E1ViE
Fr o ARTRE &SR A EaViaR - R BEER-A YRR - 78 Todd ZuxiyekE T - 45
THATE SRR - RS AT ERT Y )2 B T SHM I » e A se Y
M -

N) EHEES2EWIEE -
1.BA Tone Burst T /& L GEidia®E -
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enstic equations of F(n, m), L(O, m) and TO,m)
modes in cylindrical bars surrounded by a solid medium were
presented, and the attenuation dispersion curves of L(0, m)
and T(0, m) modes in cylindrical steel bars surrounded by soil

were analyzed for various material properties of soil.

# The results indicate that selecting an appropriate guided wave
mode and frequency with consideration of the attenuation and
the soil material properties is essential for proper guided wave
NDE of objects surrounded by soil.

Future work
-Analysis in higher frequency
-Analysis of F-mode guided waves .
-Analysis of phase velocity and energy velocity
-Experimental verification
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NDE for sodium-cooled fast reactor (SFR) pipelines

* Objective
Guided wave inspection of pipes in
the secondary heat exchanger

* Difficulty

How to understand the dispersive
and multimode guided waves
propagating in the pipe filled with
high temperature and flowing
liquid metals?

3.1.2 SFR(Sodium-cooled Fast Reactor) 7 [ 8212 28 247 &

C onclusion

. The chapgipg lemperature and flowing speed
shifts of guided modes Propagating in the stee| pipe filled with liquid sodium,
Guide modes in the steel pipe filled with flo

odes Wing sodium could be seemed as
the coupling from two groups of guided modes
a)

One category modes
because they are rel
sodium which decr
b)

of liquid sodium results in phase

are sensitive to the flowing s
ated to the longitudinal bulk veloci
eases with rising temperature

Another category modes are the
since they are related to material
influenced by the liquid

peed and temperature.
ty and density of liquid

promising modes for our application,
properties of the solid pipe which are less
The promising modes should carry another wo

criteria, low dispersion and disguisable group velocity

N Poresy SR A A
3.1.3 KA TS B R R e A o
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Experimental Method: Reverberation

Wave-‘front /Transducer

| — Prufconf

Reverberation signal Noise

3.2.1 PREFRAHEE R 8 AMPRMER I A A A2 10 22 (Reverberation) (555

Experimental Method: Laser Ultrasound and Reverberation Signal

Heterodyne _ | o :
Interferometer Signal Analysis
IR,
Nd-YAG Pulsed Laser -{_ Sample
Lens

A(D)=A(t,) €

log (Amplitude)

Time [rs]
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Ultrasonic Absorption measured by Laser US

30
: e
= | e
H .
L
2 Y
= o
8
B
©
A
4
s Laser
f=4.5 MHz Pz
0....l....ll...lnn-.l-....l....
0 5 10 15 20 25 30
Log. Decrement
. Plastic Deformation / S
H. Willems, IZFP ’ ~ a x 10-f[MHZ]
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Absorption as a Function of Temperature: White-Cast Iron;
57.6 % Cementite

Absorption is originates from

S Weilles GuBeisen ' A Se(?o.nd order phase
57.6 Gew.-% Zementit transition, so-called
& g5l f=5MHz A-transition. Coupling to
E ol . :
Y . the magnetic sub-lattice
- L] " .
= 20 . of the cementite which undergoes
8 a transition from ferromagnetic
S A 20 . * phase to the paramagngtic
& o o o® o . phase at 473 K occurs via
3 e * ¥ ¢
3 W ’ . the longitudinal waves.
30 500 350 400 450 500 550 600 650
Temperatur [K] Log. Dec_:3rement
B. Haberer, IZFP = a x 10~/f[MHZ]
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US-Absorption in Nanocrystalline and Polycrystalline Copper

1.0 i 1
® ®
s .
2 nc-Cu

B = .

E. o ® E 0@

g nc-Cu o ;

d=13om © |
o » L-Waves . S-Waves
o . pcCu
o pe-Cu d=12pm
o ® d=12pm
0.10 ;
0.1 :
10 50 100 10 50 100
fidHx £[MHz]

Grain size polycrystalline material: 12 pm; Grain size nanocrystalline matenial: 13 nm;

Measurement at RT
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Atomic Force Acoustic Microscope AFAM Set-up

AFM imaging

Feedback
laop,
topography

L|trasonic
image

A 4

1 QMirror §
R { Cantlover

‘ Phato 3 | i -
diode

Sample

- Laser diode

lense < Transducer

i

High frequency
signal detection

{down converter)
Lock-in-amp! fier

UAFM
High Trequency
i sigral generator,

_ Reterence owor /\

i sweep \_
Spectrum

Intertace

Computer
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fS <fH B \

Soft 4 J
(4) Bright _..A'

Amplitude

Frequency
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Beyond Abbe’s Limit: The Near-Field Principle

A sharp tip or another object with dimensions in the nm-range is scanned over the
sample

Near-field microscope using a Near-field microscope using
sharp tip an aperture

S— ——
X _f
\ Wave J

\ Screen with
aperture

g Sample

Lens

3.3.3 ATHR G R
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Scanning Near-Field Acoustic Microscopy
fdin
2n0
o { S Operational
L L ) e Frequency: 175 MHz
Tip radii: 20 — 50 nm

L Mot
Figure 1. Schematic diagram of the tip und sample
configuration.
S. Akamine, B. Hadimioglu, B.T. Khuri-Yakub, H. Yamada, and C.F. Quate, ,Acoustic microscopy beyond the diffraction limit: An

application of microfabrication, Digest of Technical Papers in Solid-State Sensors and Actuators, Int. Conf. on Transducers 91,

3.3.4 fmtt AT B 5%

Pp.857-859.
<
.
=L
L
42
3 b
=
£
=L o
[}
d_
T T ]
R : 120 140 160 180 200 220
0,3 04 nA Frequency [kHz]
(c) Spectra

B E]
0,8 um 0,2
(h) Ultrasonic amplitude

0,6

0,2

(a) Topography
3.3.5 EFH AFAM &M 57 TRk

F2H



Principle of Contact-Resonance Imaging on Nanocrystalline Ni

Anisotropic sample: Electrodeposited nano-crystalline nickel
Grain size: 167 nm

Amplitude

Frequency

Topography image
Scan size 1.5 umx 1.5 um

(a) EFETORLE R 2 PR IRE LS R

Contact-Resonance AFAM Imaging of Nanocrystalline Ni

Cantilever

Spring constant:
k. =48 N/m,

Free resonances:
f, = 166 kHz
f, = 1031 kHz

Sample:
Electrodeposited
nano-crystalline Ni

Topography image, Contact-resonance AFAM Grain size: 167 nm
Height scale 10 nm image,
Image size: 1.5 ym x 1.5 pm Frequency scale: 730 — 750 kHz

(b) o[ s AFAM Y HEE IR 5
Contact-Stiffness AFAM Imaging of Nanocrystalline Ni

Contact stiffness

K" [N/m]
7280 freeModes Flexural Beam K*
757.9 feontact Modes Theory
787.8 Contact Hertzian Indentation
ars s Stiffness k™ Theory . Modulus M
817.6

8775 |ndentation Modulus M of Nickel:
207.4  Experiment [GPa]: Literature [GPa]:

937.3 Mpos 1 = 234 M149) = 223
- Mpos > = 184 M(110) =218
Mooe 5 = 176 M0, = 202

992.0

Image size: 1.4 pm x 1.5 ym

(c) FEAB IR G 8
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M,,C, type grain boundary carbides in Inconel 625

frequency
-1420

1400 F
-1380
. | Non??lized
Topography — 10 nm - Bl e, .
FCCin FCC i
Mygqqix = 222 GPa . i.;ﬂ
“ i o ": -32 o

(a) 1stcontact resonance,
(b) 2" contact resonance, and (c) k*/K.

3.3.7 JiE 5 625 MR BRI MasCe i {L).Z AFAM 4521

AFAM and ultrasonic piezo-mode images of PTC thin-films
annealed at different temperatures; Image size 2 x 2 ym2.

Sample:
21 Rf-sputtered thin-films
5! of lead calcium titanate

| L 5'3 S Si-cantilever:

oA
g Coated with conductive
a4 diamond layer;
i Spring constant:
Wi k=44 -46 N/m;
% | First free resonance
(bending mode):
f; =188 — 198 kHz

AFAM

Piezo-mode

metastable

3.3.8 PTC Thin-Films 1= R [E&EHE » AFAM {485 Piezo-Mode 825 EH#
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Interferometry Excitation
i beam

Laser interferometer

He-Ne
laser BS1 BS2 Coupler

‘ ‘ Fiber — gptical
" " microscope

mirrors

Microscope
objective

| Bragg cell | Collimator
A4
\I_ N B8 Scanni
Prism canning
-

Detector

IR pulse laser
P Vacuum chambre

Sample

Collimator
and
focuser

Fiber
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AT
Non-contact Modal RUS method implemented into MSA-500 @E

= Elastic vibrations are both
generated and detected by
lasers (fully non-contact
measurements).

» Scanning laser-Doppler
interferometer is used to
determine the modal shapes of
individual vibrational modes.

» Measurements are done in an
evacuated chamber with
controlled temperature.

= Typical size of specimens:
2x3x4mm, but can be even
lower.

@ OQutcomes: anisotropic elastic
constants, internal friction.

TEMPERATURE AND VACUUM
CHAMBRE, T range: 203K — 423K

B

Signal conditianing
=i

plifier (25

Broadband excitation and detection - beam deflection method
Experimental set-up

Detector

Knie-edge M “ | ranslation™\

M = | stage
Ve

\\

=
\

Pump laser : Probe laser

3.4.4 SAW FTHHEE K 245 E - #EUg 7=CE Beam Deflection Method
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INTERFEROMETRIC DETECTION

Laser Ultrasonic Lzser Ultrasonic Receiver

Recaiver
L
L}

Probe bean |

PIN dlode 7
Object beain

/ ‘\.\l
Continunusly

Heat - Variable

Absorhing \"~.,‘ Altenuator

Glass

Sample

Stage
| Angle (0:5:180) deg | =

Pump beam {—106=nm} X 4 —

i = «The spatial resolution of the probe is determined by the area of the focused
- Probe heam {#=323nm} robe laser beam
} d=10pm P : 4Af 24
«The smallest achievable Gaussian beam diameter: . nd - T NA

For objective focal length and 7=190w,

spotsize diameter of the probe beam: 4 =10um= Agyy >204m
Vo (2000—5000)m /5 = fiyy (100—250)MHz

3.45 A EBZ (Interferometry Detection)ry 247 &

Application of SAW method - thin film analysis based on fitting of SAW d

! ! ! ! ! ! Plane wave conditions :

—32 y
s ELOW NCD Layer :
H S 001 pke : ; i 2 homogeneous u(xz) iny
55| E£51 Sl S © E=980K=200 (Fa, (w=8 35 yan® h=E501 m
k. menaurcment dircction . . - Y
& : : P Sukavats SIODIiclans, X — propagation direction
g 5 ¢ : S measerernsnl e |10] direslion
s 1A e e e L
5 T S AT i Mgyt TOVY ] T o 3 - T
3.8 h FAST NCD Layar

' E=3E0K=350 3Pa, tho=3 55 3 o, 1=050nm

o
o

-

© U itaihsheste (007 ) anly
SAW aalauletee 1n 110,

o

~

Calcuatad displacamant flalds

SAV veleity ‘mmaus”
[a])

Si: (111) plane -

meas.inzmant directicn

(=800 GPa. tho=2.25 g e h="75nm:
Substeze D SR ane,
5S4 —ezeLr@ma In the directior aff=5" from [---12|

L
©

SAV wdoc oy mmius]

48

W e,

$i substrate {111}, caly, Ul Y
e A DRSS v SN Balduldted Th B froin 1-127 ] o et
o A L]
0 20 40 60 a0 100 123 140 160 130 200 YE—
f [MI‘ Z] Propagaicn

The dispersion curves of the system of an isotropic layer on an anisotropic substrate was calculated by the resonant model
with the specific boundary conditions for series of values thickness-wavelength ratio.

The precise determination of SAW propagation direction with respect to the crystallographic orientation of the substrate is
essential for optimal fitting of experimental data. The orientation was verified by X-ray diffraction (Laue method).

In spite of RUS method, the layer thickness and density could be taken into account of the inversion procedure.

3.4.6 DL SAW &=} NCD -~ DLC J=ff5 ~ 45 B [E]
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Technologies Beyond State-of-
the-Art in Aircraft NDT

Smart Layer:
Optical Fibre l . § A’::ustoa-yer
Bragg Grating g £

Ultrasonics

Sensor: D e et W

« Strain ::::Ttwun -'

+ Pressure : Perad &

+ Temperature

E l*m /

Phased Array

Acoustic i

Emission
El '

Comparative Mae;rtzr:tic %_‘_

Vacuum Layer

Monitoring:

+ Crack

[

&l 3.5.2 H RiisH yiR4sHE NDT BoHIFRE ffr
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Comparative Vacuum Monitoring System

- Sensors with fine channels on the adhesive face - applies a
vacuum to a thin film sensor with embedded galleries open to
the surface

- Leakage path between the atmospheric and vacuum galleries
producing a measurable change in the vacuum level

- Doesn’t require electrical excitation or couplant/contact

ﬂq N

Minimize
distance from
rivet head to
produce
smallest crack

detection - Fatigue Crac

Sensor Pad

KVHACA FV A BV A (VA S CVM Sensor Adjacent to

Crack Initiation Site

Sandia
FAA Hughes Technical Center B
3.5.3CVM Z47 TE[FREE
Sensor on Intact Structure - (no crack) Crack Initiated
== P"”“"ODF':'" ol Vacuum Source i M"?O%"::'M Vocuum Source

Flow Meter

Skoble Yocsurn Rdewoce:
20 i bddow Aaospon
Voouum noctte

System out of Bdonce

3.5.4 CVM 247 © Zrli] Ry RSN - 5[] 3R S5 AR K5 2 &5 SR (from WIK)
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Monitoring CVM Sensors in the

Field with a PM-4 Device

Sandia
National
Laboratories

FAA Hughes Technical Center (1)

3.5.5CVM %t > 7oy £8% - 45 B R REAE [EIFLATAT

Problems with the Statys Quo

Common S$HM Practice

Without decision-making

= cog X ey 3 o framework, the perf
- ] - .'.' . can not be evaluate: :‘n:n "
1 b

meaningful way (e.g. rates of
error)

Sum-of-squares is rarely an optimal detector:
Missing out on performance enhancement
Risks of Trial and Error (“Black Box™) approaches to feature extraction:
* Unknowingly throwing away valuable information

|+ Highly volatile, noisy, non-generalizing features
* Reinventing features that are statistically equivalent to those in

: : ; i [ ' ern, but

previous studies (maybe not of particular industrial conc

definitely of academic concern) A
o | Agineo - ~ Los Alamos
Li\ 0bS Engineering Engineering Institute

3.5.6 SHM F A HIRT7E K H
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Better Execution of th
e SHM/D i
Data into Inform e

; gm: Transformi
ation that Facilitates Decision-Makil:; ¥

Vibration, tempercture,
pressure, process monitors, etc.

Predictive
planningand
actions

3.5.7 » % SHM %54 DP(Damage Prognosis) 7 & 4H

Measurement surface

Laser head unit

—

FGN - NN -
AMP [ ) ) ) ) RN

SLDV l

Defect (void)

G
(o)

AQQTTT?QAQ
AL K 'EEIBAA

Vibration source (LRAD)

Vibration velocity

Fig.1 Fundamental concept
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amplitude(volts)

150

100

50 4

-100 4

150

Q.03

0.028
0.02
Twm oos
=
— 00
=
=000 B
2
= o
5
- -
Z om
5 )
-5 o0
03
—
L 002
- 0015
0.01
0.00%

Chirp wave S/N: 4 dB

Sigmal : 2734 Hz

Tone burst S/N: 19dB

Signal : 2734 Hz

1500 2000 2500 3000 3500 2000 4500 S000
Frequency (Hid

Fig.2 Vibration spectra on the defective part.

The size of the defect is 30 X 30 em?, and the depth is 7.5 ¢m

3.6.2 {#i[] Chirp JiZ#1 Tone Burst Jf7 Fifs > IREhFEEEELEL

WATER INLET

Fig (1a) Multi Mode tandem Fig (2a) FEM simulation of Longitudinal wave
configuration Ultrasonic technique propagation
—— Longitudinal

Lo

Shear

T T
0o 2004 40.04

Fig (1b) A-scans signals of Longitudinal and

T T T 1
600y BOO0p 1000y 1200y 140.0p 160.0p

Time (seconds)

Fig (2b) FEM simulation of Shear
Shear wave modes at the Defect region wave propagation

3.6.3 XA AR i
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<+ Sound propagation direction
Water flow direction

Separating cell

Outlet Inlet

..>
I ™y

Node Anti-Node
Transducer

Reflector

Figure 1 Schematic diagram of separating cell
3.6.5 DUEE R BRI I H IRl K s ey 777k
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20 )
S - 60 5
= 10 ¢ =
= 40 ¢
O 1
ES . - 20 S

e © g

=]
0 — 0o M

0 10 20 30 40 50
Initial turbidity (degree)

Figure 2 Turbidity after filtration vs. initial
turbidity
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