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Scanning Acoustic Microscopy (SAM)

ATtreikovion BAGBng oe AgpoTropika YAIKA

http://mss-nde.uoi.gr/greek/537 - ETE 908/index.html



Epapuoyn AkouoTiKl MIKpOOKOTTIOG

* Y1roBaluion tng dIETIPAVEIAC ivaC-UATPOC O€
METAAAIKA oUVOETA UAIKA AOYW BEPUOKPATIAKIC
KAl JNXaVIKNG KATaTTOVNONG



AkouoTIK ) MiIKkpookoTTia

* [0 TNV ATTEIKOVION TNC TOTTIKNG TAXUTNTAC
Rayleigh oto UAIKO

* [1AeovekTNUATA TNC TEXVIKNC:
— AutopartoTroinon kabopiopou TS TaxUTNTAC
Rayleigh
— YAIKO ava@opdag idev aTTaITEITal YIa TOV
UTTOAOYIOMO TNG TaxuTnTac SAW
— XPNOIJOTTOIEITAI TUTTIKO GUCTNHMO UTTEPAX WV
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2uxvornta kai Defocus

Rayleigh wave path




Mnxaviopnog avTiBeong eiIkovag (contrast)
oTnv AKouoTIKn MiIKkpooKoTTid: KOUTTUAN v(2)

( i Vo I VR — f(E,V,IO)
Ve =Vl — 1~ .
- 2 f.Az

_ J 1.0

Fiber-reinforced

A: Amplitude of V(z) at a location on the material: defocus Z, 0.8 composite
B: Amplitude of V(z) at a different location on the material:
defocus z, 0.6 -

(assuming different v = different Az at this location)
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2/ Scanning at a Fixed Defocus to
Z, | obtain a SUM image




2UAAOYN OEOOUEVWV

« 200TNHA UTTEPAXV TTOAMOU (6XI tone-burst)

« AioBntTApag 50 Mhz uynAng eoTtiaong

 H Kkupatopop@r CUAAEyeTal € DIN@OPETIKA BABN atrecTiaong,
apXifovTag ME TOV AICONTAPO ECTIOOHEVO OTNV ETTIPAVEIA TOU UAIKOU

150 §

o ——— i ——
e — e

AicOnTnpag
EOTIOOMEVOGS
oTNV ETTIPAVEIX

Amplitude

Time-gate

0 ALY 1000 1300 2000 23500
Time (ns)



AKOUOTIKI MIKPOOKOTTIO BPAXEOG TTAAMOU

«— Specular Reflection
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B-scan (z line) trou trepiexel 1024 A-scans

Specular Reflection Rayleigh Wave

Defocus: 1024 pm

/ N Increment

Specular Retlection . Hm

CUTOFF

Focused on the surface




YTTOAOYIOHMOG TNG TTEPIOOIKOTNTAG TNG
KOAMTTUANG V(2)
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2/

* H Kap1rUuAn V(z) TTaAAeTal YUPW OTTO MIO EKOETIKA KAUTTUAN

* AUOKOAOG O UTTOAOYIOMOG TNG TTEPI0OOIKOTNTOG (AZ) ue FFT



Kau1ruAn ava@opag

Vk(2)
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= A@aipoupe Tnv emidpaon Tng specular reflection
= Y1roAoyi{oule TNV TTEPIOOIKOTNTA TNG KAMTTUANG V(2)

Xxpnoipotroiwvrtag Fourier



MpocdIoPICHOC TNG KAMTTUANG V(Z)
XPNOCIMOTTOIWVTOC OCNMA

Tone-Burst

To kUua Rayleigh kai n specular
reflection aAAnAeTTIOpOUV

To TTAQTOC TOU oNUAToC tone-burst
o€ OIOPOPETIKA BAON TTEPEXEI ATT
guBeiag TNV KAUTTUAN v(z)

AUOKOAN auTopaToTTOiNON

Amplitude

Sample surface

Rayleigh wave
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MEBodog Tone-burst

KaptruAn V (z) : amrd uAIko avagpopdg (Tr.X. HOAUd0)
Tou O¢ev gu@avidel SAWs

NMEPIOPIZM OIl: ATraitei Tnp Xprion tou idiou aicOnTipa Kai idleg
TTEIPAMATIKEG CUVONKEG YIa TA UAIKA ava@opag Kal OOKIMNG, KAl ETTioNG
BaOuovounon TwV NAEKTPOVIKWYV

MEBodog Bpayxéog NMaApou

Software gate yia Tnv TapakoAouBnon tng specular
reflection (YEWMETPIKN aVAKAQCT)) TAUTOXPOVO ME TNV
Tpayuparotroinon tou V(z) scan.

AuTto-BaOpovopoupevn HEBOBOG => To Vi(Z) QUOIKA TTEPIEXEI TN
specular reflection



cutoff (specular reflection
& Raleigh wave
l overlap in time)

Software gate to isolate specular reflection ,
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KautruAn V(z) oA6kAnpou Tou B-scan
(specular + Rayleigh)
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KaputruAn Vi(z) Tng specular reflection
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V(z) - Vkr(2)
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Normalized defocus depth (rﬁm)
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FFT. Kopuopn ota t 3.785E-3 cycles/um
=> [lepiodog: Az = 264.2 ym = C; = 3440

m/s
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Etidopaong Tou Defocus otnv avaAuon
EIKOVOG
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EoTtiaon oTtnv €mi@aveia

ee————r TiMetal21S/SCS-6
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ATtreikovion ue AKouoTiK ) MIKpooKoOTTIiO
XPNOIMOTTOIWVTAG OINPOPETIKA NECTU OULEUENG

- Cracking & o
~ Interfacial Damage =it

2€ Nepo
Ti-24Al-11Nb/SCS-6 Composite
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TiMetal21S/SCS-6
OepuoKkpao

KoétTwon o€

Matrix cracking

Bridging fibers

Interface debonding
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TiMetal21S/SCS-6 Composite
AM. @ 100 MHz

SCS-6 Fibers
(142pm Dia)

Carbon Core
(a few um dia.)



Opauon ivag o€

TiMetal21S/SCS-6 Composite
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Fiber Breaks

SCS-6 Fibers
(142pum Dia)



Ogeidwon TG OIETTIPAVEING
TMCs reinforced with carbon coated SiC fibers have carbon rich

interphase region, prone to oxidation at elevated temperatures

Need to understand the oxidation behavior leading to eventual
failure
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Carbon rich Interphase



Effect of Stress — Temperature — Time
R=0.1 (Pmax - 3.3 kN) 150 C-538 C; 36 Days at 0.0056 Hz;

High Stress;
High Temperature;

Short Duration ~

[Low Stress;ﬂ

| High Temperature;
| Long Duration
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Low Stress Region
Between Two Cracks
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Ti-24Al-11Nb/SCS-6: Oeppokpacia OWMHATIOU
R=0.1(0,.,. 980 MPa); 1.01E+05 cycles @ 1 Hz
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AvaAuon MNeTePACHEVWYV ZTOIXEIWV

 3-D 20-noded isoparametric elements used

« Sample: 19 mm wide, 0.86 mm thick, with a
hole of 3.1 mm diameter

T T T 200 MPa
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AtroteAécpata FEM
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looBepuikn kOTTWON 650 °C
1.82 E+05 Cycles; 50 Hours

<—— Fatigue Loading

Point of Accelerated

7 “""""""" | Crack Growth

to Failure

Interfacial Degradation
due to Compressive
Stresses

" "~ Interfacial Degradation
due to Tensile Stresses

TiMetal / SCS-6 [0]




AZloAoynon TnG SIETTIPAVEIOKNC 0geidwong
Kal cuoowpeuong BAaBnc o MMC

1.54E+05 cycles during 43 Hrs 2.51E+05 Cycles during 70 Hrs
@ 650 °C (isothermal) @ 650 °C (isothermal)

| <—>—Fat|gue Loadlng — Fatlgue Loadlng -

Crack Initiation Interfacial Degradation E

Different pattern due to
[0/90]s configuration

TiMetal / SCS-6 [0/90 ]s



MaOnuaTiké HOVTEAO dIAXUONG

Classic Diffusion Equation
(Modified Fick’s Law)

X _p.0C_CFy
Zl X ox KT
_p2t_FX_CF
X2 KT ox KT ox
=DC,,—aC,-bC

Boundary and initial conditions:

XZO,CZCO

X >0, Co0
t<0, C=0 (for x>0)

C — Oxygen concentration
F — Force

D — Diffusion coefficient

k — Boltzmann’s constant

T — Temperature in degrees Kelvin

D —a
KT




AVOAUTIKESC AUCEIG

X[a—+a2+4Db] _ y_.[22  aDht
C = 0 e2D erf
e o)

27 Dt

For given concentration C* which leads to oxidation

C*:C—erfc[X —atj

2/Dt

where, the oxidation distance

X =2/ Dt f[%}rat f =erfc

0]




Mnkog Alemrigpavelakng Ogeidwong X,

H di1adikaoia o¢eidwong eival Eva TTpoBAnua
KIVOUMEVOU Opiou

TSN
CO
X = Fa |t

0 \/E N

primary
oxidation distance
(diffusion model)

| excessive
oxidation distance (due to stress)

. the time when interphase oxidation is first observed



ATToTEAECUATO

: Calculated using the model and
Experimental experimental results

T N

Angle Oxidation Stress Stress Diffugion rate
Distance (MPa) Derivative (cm“/sec)
(mm) (MPa/mm) | (x10712)
29.0 0.9 12.71 128.5 8.2
35.9 1.5 38.51 114.1 8.5
43.9 1.7 95.86 11.33 4.6
61.0 3.9 332.9 -544.3 3.2




AtroTeAEouaTO

Oxidation Distance vs. Stress

300 ~

200 A

100

Stress (MPa)

e . Oxidation Distance vs. Diffusion Coefficient
Distance (mm) Angle (degrees)
29 35 43 52 62
z s
. . . . B
 Stress is relieved after oxidation occurs |  ° s T D
(due to gasification of interphase) o
. . s 3;
* In FEA no stress relief mechanism 5
O 2
» High angle regions have lower stress £ 1
concentration than predicted in FEA D
0 50 100 150 200 250 300 350

Stress (MPa)



2UYKPION avAapeoa oTh OewpnTIKN
TTPORBAEWN KAl OTOV TTEIPAMATIKO
TTPOCOIOPICHO TNG 0EEIdWONG

AxkouoTiki MiIKkpooKoTTia

OswpPNnTIKN
TPORAewnN



