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Detection of Micro-Crack Using a Nonlinear Ultrasonic
Resonance Parameters
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Abstract In order to overcome the detection limit by the current nondestructive evaluation technology, a nonlinear
resonant ultrasound spectroscopy(NRUS) technique was applied for detection of micro-scale cracks in a material. A
down-shift of the resonance frequency and a variation of normalized amplitude of the resonance pattern were
suggested as the nonlinear parameter for detection of micro-scale cracks in a materials. A natural-like crack were
produced in a standard compact tension(CT) specimen by a low cycle fatigue test and the resonance patterns were
acquired in each fatigue step. As the exciting voltage increases, a down-shift of resonance frequency were
increases as well as the normalized amplitude decrease. This nonlinear effects were significant and even greater in
the cracked specimen, but not observed in a intact specimen.

Keywords: Nonlinear Resonant Ultrasound Spectroscopy(NRUS), Detection of Micro-Crack, Earlier Detection,
Nonlinear Ultrasonics
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Fig. 1 1/2 compact tension specimen
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Table 1 Chemical compositions of SA508—Gr.3 X338 A7 ujdolr] %2Suzgy AHAEHS &
reactor pressure vessel (wt%) Asrgey. @e el AR L= 4287 9

C [Mn| P S Si | Ni | Cr|Mo| Al | Cu \%
0.21{1.36(0.007| 0.002 | 0.24 {0.92]0.21| 0.49 {0.005| 0.03 |0.022
Uniform elongation | Elongation

Y5 (MP: VTS (MP:

P MF 0 %)
446.2 607.0 50.4 14.7
Table 2 Fatigue test parameters
Set point Max Min AK Frequency

750 150
450ke | (55 MPaym) | (5 MPaym) | 20 MPavm | 10 Hz

PZT receiveror
Laservibrometer

!

Filter /
Amplifier

F.G./ Power
Amplifier

Fig. 2 Block diagram of nonlinear resonant ultrasound
spectroscopy

Fig. 3 Photo of experimental setup and a chamber
to maintain constant temperature and free
of vibration
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2t IRAYE WA AdE #d A71E 54
&t7] 918l heat tinting WHE A-Esto] vl A7

st o HFHOoR JZ Al 120,000
7hek & oS $Esk] 98 s seink 3
o] FAdu 7 AMRS Fig. 49 Bz o
AlolZ wHAIvlT} heat tintingoll 93 A2 x}o]
A5ste] F2 AlelE #9 A7]9 #AE
Y33} Fig. 501 1<l wpe} o] 4 Aoj9}
AtolZxhe] BAIE AFAHQ Paris laws W

O D =
w

Z4zbe] d= AlolE Ee o WA TR
Agre] Wl mE & AE AMEE Fig

Crack langth
= imm

L
80,000 eyzle

Fig. 4 SEM image of a fractured surface after
fatigue test with heat tinting

T T T T
Fatigue cycle vs crack length

Crack length (mm)
IS

0 20000 40000 60000 80000 100000 120000
Number of Fatigue Cycle

Fig. 5 Estimation of fatigue crack length
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a) Crack length = 15um d) Crack length = 170 um
Normalized Resonance [N=2,000, (1,3) mode] Normalized Resonance [N=20,000, (1,3) mode]
( Crack length=30 /m) ( Crack length=0.4 mm)
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b) Crack length = 30um e) Crack length = 0.4mm

Normalized Resonance [NTS.UDD. (1,3) mode] Normalized Resonance [N=40,000, (1,3) mode]
( Crack length=80 s ) ( Crack length=1.0 mm )
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g) Crack length = 1.4mm
Fig. 6 Normalized resonance pattern of cracked specimen
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