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Ultrasonic Nondestructive Evaluation
of Creep-Induced Cavities

A5, Fazx
Young-Su Jang* and Hyunjo Jeong**

= § I &3¢ 9AFLR e £F 78 AR didte &4 1A wE 71F e njAlex HEE #dsa &
=5 2o Fu A& IAE A~dEY 9 3 E SHs. &4 A0 BE GAV T vSHH dFe2 Asty
BFFe datd A o 2T SEE oY A%E BTt A 2%9] 71T Wt Foe Ave 44 1%
4%9 45 Z4E Bgon, 7iFFe] v A Bl E A A4 AFE BRI AF A EY L 71F 7o) SUHEe
wtel nFue o] Fasn A Foert AFHeR ol Fdden, e AN Fa HeldA Al dFAHA A
€ 24 7133 3% visEygrt seuiE 2N s 2 AF 299 4 Fops, 4 718718 AF
o J|F3FSe] FaaAE A AT

Abstract In order to ultrasonically evaluate creep cavities pure copper samples were subjected to creep test and their
microstructures were examined. Ultrasonic velocities, frequency-dependent magnitude spectra and attenuations were
measured on a series of copper samples obtained from the different stages of creep test. Velocities measured in three
directions with respect to the loading axis decreased and their anisotropy increased as a function of the creep-induced
porosity. The anisotropic behavior could be attributed to the progressive change of pore shape and preferred
orientation as the creep advanced. The 2% porosity by volume decreased the longitudinal and shear wave velocities by
11% and 4%, respectively. Furthermore, both velocities decreased nonlinearly with the porosity. As the creep damage
developed. the magnitude spectra lost high frequency components and their central frequencies shifted to lower values.
The attenuation showed almost linear behavior in the frequency range used. Normalized velocity, central frequency
shift and attenuation slope were selected as nondestructive evaluation parameters. These results were presented and

showed good relations with the porosity content.
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Table 1 Creep test conditions and rupture time

Stress (MPa) 6.0
Temperature (C) 500 550
Rupture time, ¢ (hr) 618.9 279.2
573.1 264.2
580.5 267.3
618.6 272.6
Average ¢, 597.8 270.8
Time of interrupt (0.1 0.2 0.3 0.4 0.5 0.6
test (¢/¢) 0.7 0.750.8 0.850.9
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Fig. 4 Evolution of porosity with creep time

Table 2 Ultrasonic velocities of reference
samples (P: plain)

Sample { Annealing | Vis | Vo [ Vs | Vis | Vau | Vo
A0 | gnor. 3 |4724]4727|4732|2279]2307|2281
A0p | hours  1479914797(4739|2084|2307|2283
A0L | peoes 9o |4732]4726|4738|2275]2306| 2281
A02 | Dours  Ligonla70614737|2284|2305| 2276
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Fig. 5 Measured longitudinal wave velocities as
a function of porosity: Notch specimens,
test conditions: 500T, 6.0 MPa, t,= 597.
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Fig. 6 Measured shear wave velocities as a
function of porosity: Notch specimens,
test conditions: 500, 6.0 MPa, = 597.
8 hours
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