Mn IN'paupikn AKOUCTIKN



Epappoyn Mn IN'pappikKRGg AKOUCTIKAG

* [TapakoAouBnon o€ TTPAYPATIKO XPOVO TNG
BAGBNC AOYyW KOTTWONG 0€ KPAMATA TITAVIOU



AKOUOCTIKOG XOPOAKTNPICHOG
TNG KOTTWONG

oIk AKOUGTIKA Linear wave equation
Velocity/Modulus/

a. Small displacement amplitudes .

b. Harmonic motion Elastic constants c;;

c. Hooke’s law Attenuation/Damping

K()1T(A)O'!|: Continuous changes in the microstructure

due to cyclic loading (dislocations)

Influence of Fatigue on Change 1-2 %
Sound Velocity / Elastic Modulus



AAANAETTIOPOAON TWV OKOUOTIKWYV
KUMATWYV HE TIC OIOTAPAXEG

Acoustic Wave Vibrates Dislocation Segments

Vibrating String Model ( Granato and Lucke)

Increase attenuation Small change in velocity

Ultrasonic Attenuation:

Depends on Frequency and Grain size

Changes in attenuation cannot be attributed
only to fatigue




YPOHMIKO  Mn-ypappIko

Egiowon , g!, 0°u | 50U 0°u
Kivhong oa’ | | oa | oa’

ANbon: u=u’+ud
2
u(a,t) = Asin(ka — at)+ ap (;(A) cos|2(ka — at )|

(A )
,3 — 8 A2 a: propagation distance
ak2 \A12/ K = 211/A




Mn ypauuIKA AKOUCTIKA

a. Finite displacement amplitudes
b. Anharmonic motion
c. Hooke’s law with second order term

Nonlinear Wave Equation

Second and higher order elastic constants

Nonlinearity Parameter ﬁ

Longitudinal wave in isotropic material

ﬁ — [ 3 + C111/C11] — (ZVIZ/aﬂZfZ)(AZ/AIZ)

v; = Longitudinal sound velocity
C,;; = Third order elastic constant
C,; = Second order elastic constant




Mn ypauuIKR dAANAETTIOpOON TWV
OKOUOTIKWY KUMATWY ME TIG OIATOAPAXEG

Modifications to Vibrating String model

 Addition of nonlinear vibration of dislocations

* Inclusion of vibration of dislocation structures

B = Biattice * VfaipBaip + €tC.

Bi.«ice NOnlinearity of the lattice

vf,

- Volume fraction of dislocation dipoles

Bdip Nonlinearity of the dislocation dipoles




AUCKOAIEC O€ TTAPADOCIAKA TTEIPAMOATA
MN-YPOMMIKAC OKOUOTIKNG

« Xpovofopa

* H pikpodopn Twv doKIpiwY BewpEiTal TAUTOONMN

* Agv UTTAPXEI OUVATOTNTA YIA TTPAYHATOTTOINC
TWYV TTEIPANATWY CE TTPAYMATIKO XPOVO




Mn YPOUHMIK OKOUOTIKN KaI
OeUTEPN APMOVIKA

Fundamental
Frequency

f Fundamental
— J”\N‘r A

Fundamental 2f second Harmonic
amplitude
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MeipapaTIKES TEXVIKEG

MeETpnon Tng deUTEPNG APMUOVIKNG

1. Capacitive Detection: Absolute amplitude and

2. Piezo-Electric Detection: Relative B
(f-2f method)

3. Optical Detection: Absolute amplitude




Capacitive Detection kai
MeBodo¢ f-2f

Capacitive Detection

 Measurement of absolute amplitude

* Absolute Nonlinearity Parameter, 3

Not possible to use with fatigue machine

Piezo-Electric Detection / f-2f Method

Measurement of Relative amplitudes (voltage)

Calibration needed for absolute nonlinearity parameter, 3

Absolute Nonlinearity Parameter (8) = Cal.Const x Nonlinear Acoustic Factor

MTrop€i va oxXeOIOOTEI VA JETPA KATA TV KOTTWON




Meipapartikn o1aTACN

Dielectric Capacitive Detection Piezo-Electric Detection
Transducer
Transducer 10MHz
10MHz \'_V /
— —
button material Tone Burst Signal
e 10MHz
sroun Gap between sample and Transducer
e detector button: 5-7pm 20MHz
Y
f f
<—| Bias voltage > .. <
Dlgltal ¥
_|Oscilloscope| IF Amp Filter
| Filter 2 20MHz 20MHz
“10MHz 2f
| Filter | IFAmp
“l20MHZz| ~| 20MHz
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MeTpnoeig (f/2f) og TTPpaAyHATIKO XPOVO
Mn ypapuIKN TTAOPAMETPOG 3

R /AZ\
akz\ﬁj

Normalized by 3,

(nonlinear parameter of the material at the virgin state)



[MpoeToIpnOCia OOKIMIOU

——1 |1 O
L2 |

D=12.7 mm; d=6.5 mm; R=100 mm; L1=20 mm; L2=54 mm

Ends of the sample polished flat and parallel

LiNbO,, 0.25” dia. longitudinal wave transducers



MMapakoAoUOnon KOTTWONG O€
TTPAYMATIKO XPOVO

* Modified the fatigue machine grips

 Developed special transducer holder
« Automated the measurement of acoustic amplitude

 Interfaced acoustic measurements with fatigue
machine

* Developed software to automate the measurements

and controls

Transducer Holder Transducer Holder
() Ti-6A1-4V dog-bone sample (21)



Aladikaoia HETPNONG

. Determine fatigue life of a dogbone sample (Load: 865 MPa)
R ratio: 0.1, Cyclic loading frequency: 1 Hz
Number of cycles to break: 35000

. Choose another dogbone sample from the same batch and
measure longitudinal velocity

3. Measure ultrasonic attenuation at 10 MHz.

4. Measure variation of second harmonic amplitude as a function of
Fundamental.

5. Determine Nonlinear Parameter.

6. Load the sample in the MTS machine and fatigue.
(10%, 20%, 30%, 40% etc ... of fatigue life)

7. Repeat measurements: velocity, attenuation, nonlinear parameter




MeTaBoAn TnG TaxuTnTag SIANNKWYV
KUMATWYV KATA TNV KOTTWON
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MeTafoAn TNG aTTOCREONS KATA TNV
KOTTWO
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[MAGTOG OEUTEPNC APHOVIKNG WG TTPOC TN
Baoik cuyxvoTnTa yia diapopa oTadid
KOTTWONG
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MeTafoAn TG un YPAMMIKANG
TTAPAMETPOU KATA TNV KOTTWON
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SAMPLE: Ti-6Al-4V
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A/D Converter

[MapakoAouBnon KOTTwWo NG Me
MN YPOMMIKA OKOUOTIKN

Toneburst
Generator

Bandpass

Filter at f

Power amplifier

Coupling /
Decoupling Box

- .. Transducer f
Linear IF | | Filter 4 @ 4‘ ...........
Amplifier f f | I — N
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2TO0EPOTNTA HETPNOEWV KAl
YPOMUMIKOTNTA TOU CUOTAMATOG

Long term stability of the
amplitude measurements

Variation of second harmonic
as a function of fundamental

Amplitude (mV)
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2UvOnNKec OOKINNG KOTTWO NG

Maximum stress applied: 850 MPa, R ratio: 0.1
Cyclic loading frequency: 1 Hz
Measurement interval : 10 cycles

Measurements performed at zero load

A, and A, measured in real-time, as the sample
was fatigued




MeTaBoAn TnG TaxuTnTag SIANNKWYV
KUMATWYV KATA TNV KOTTWON

Sample : Ti-6A1-4V
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MeTafoAn TNG aTTOCREONS KATA TNV
KOTTWO

w
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Sample : Ti-6A1-4V
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2UoXeTIONOG TEM Kkal
KOVOVIKOTTOINMEVNG MN-
YPOUMIKOTNTAG OTO Ti-6Al-4V
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Dislocation density (x10%/cm?)

[MukvOoTNTO d1ATOAPOAXWYV KA

KOVOVIKOTTOINMEVN MN-YPOMMIKOTNTO

ot1o Ti-6Al-4V
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