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Application of Laser Ultrasonic Technique for
Nondestructive Evaluation of Wall Thinning in Pipe
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Abstract Many of the nuclear power plant pipe is used in high temperature and high pressure environment. Wall
thinning frequently caused by the corrosion. These wall thinning in pipe is expected gradually increase as nuclear
power become superannuated. Therefore there is need to evaluate wall thinning in pipe and corrosion defect by
non-destructive method to prevent the accident of the nuclear power facility due to pipe corrosion. Especially for
real-time assessment of the wall thinning that occurs in nuclear power plant pipe, the laser ultrasonic technology
can be measured even in hard-to-reach areas, beyond the limits of earlier existing contact methods. In this study,
the optical method using laser was applied for non-destructive and non-contact evaluation. Ultrasonic signals was
acquired through generating ultrasonic by pulse laser and using laser interferometer. First the ultrasonic signal was
detected in no wall thinning in pipe, then a longitudinal wave velocity was measured inside of pipe. Artificial wall
thinning specimen compared to 20, 30, 40 and 50% of thickness of the pipe was produced and the longitudinal
wave velocity was measured. It was possible to evaluate quantitatively the wall thinning area(internal defect depth)
cause it was able to calculate the thickness of each specimen using measured longitudinal wave velocity.
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Fig. 1 Schematic diagram of CFPI
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Table 2 Information of wall thinning and defect depth

Wall Thinning Defect Depth
[%] [mm]
Specimen 1 0 0
Specimen 2 20 1.8
Specimen 3 30 2.7
Specimen 4 40 3.6
Specimen 5 50 45

Specimen

Iris

PBS

*M, 5 32 Mirror *L;,5: Convex Lens

eERr H |

L; Detector

Computer

*BS: Beam Splitter *PBS: Polarized Beam Splitter
*HWP: Half WavePlate +*QWP: Quarter Wave Plate

Fig. 3 Configuration of the laser ultrasonic system

3.2. Bo|d =3m A Y

A

=4

5W, energy/pulse < 0.5 ],

100 mJ, H2 % 10 ns, = ¥
o 2535 FAE] fg cw FEHeolAE I

2 AgoA 235 A7) Y8 ALEE
2 oA+ ¥4 1064 nm, Max. Avg. power
2z oA 10

JHE2- 52 10 Hzol

o] 532 nmol ©upg =AZoln, AW =9
200 mwo)t}.
oA &1 Al2=®le] FAHEE Fig. 3% #
ou, BS(beam splitter)$} mirrors AR-&3e] H~
do] Ao ZAF WEs 2433 }\].\7 oFzE ]|
4 2]% convex lens& i@o}oq Ao A3 9%
AM Ze3k FEale] HE ?‘40}%51 2

= o]
%%gi ]u% LﬂToﬂ/q B}A}E]oq %o].g_lz

flo

Lo bbb

Q-switch®] delay time2 350 us2 ARl o]
go] "2 ox= oF 0.4 AEE AU

ol 23 AaE FAsE CW HolAE
HWP(half wave plate)E E3le] A3 HPE
Hgd dolx W2 PBS(polarized beam splitter)
E3% T, QWP(quarter wave plate)E E3}o]

i

43 HAPHo] AFo g et/ Hrt AW 4=
o convex lensE Axsle] AFwE ol HLS
dAate Aol J&EAD = Uk AlHow g
go]A W HEolel thAl QWP PBSE &3t
o] CFPI(confocal fabry-perot interferometer)2 <A}

A "ok CFPI ol irisE AA sl At o
Hwﬂ: BA Q8¢ noiseE AFTAIZITE CRPIE
A We B7ZE7](detecton) S 3] A
@‘1 ﬂii e AR Thol)
9 QHEYI[101E AA HiFH R dEsdnt

Fig. 4= Fig. 39 43 WYeos 353 %
Az E S EG we /\] - =
HeFa gtk Fig. 4@E 75 &40 gl vl



Journal of the Korean Society for Nondestructive Testing, Vol. 33, No. 4: 361-367, 2013 365

At=3.164us

. A\ L:
A

, j‘ '4 ,“v\ Al ‘dewﬁ”ﬂ A
AL P M W prmnaiee
3 4 s o \
\/
W

Amplitude [mV]

10 \ \
1 V

Time [us]

(a) Ultrasonic signal at intact area (specimen 1)
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(b) Ultrasonic signal at 20% wall thinning (specimen 2)
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Fig. 4 Comparison of the received ultrasonic signals
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Table 3 Longitudinal velocity in wall thinning pipe

Propagation | Propagation ; Error

time(At) distance Eﬁﬁf;?i rate

[15] [mm] [%]

Specimen 1| 3.164 18.000 5.689 | 1.745
Specimen 2|  2.558 14.400 5.629 | 2.781
Specimen 3|  2.233 12.600 5.642 | 2.557
Specimen 4| 1918 10.800 5.630 | 2.764
Specimen 5|  1.590 9.000 5.660 | 2.246
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Fig. 5 Propagation time of ultrasonic for each defect
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Fig. 6 Visualization of the cross-sectional shape of
internal defects (specimen 2~5)
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