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Efficient nondestructive evaluation for a pipe using circumferential guided wave
resonance with non-contact measurements
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This study starts for the purpose of detecting the wall thinning on the back
side of a pipe using the elastic waves propagating in the circumferential direction of the pipe.
Laser beam modulated and irradiated to the pipe specimens excited the elastic wave at the modulation
frequency. Moreover, distinct resonance of the circumferential guided wave was measured, and the
resonant patterns were broken at the defective area of a pipe, which shows the applicability of the
circumferential guided wave to the detection of wall thinning.
Moreover, analyzing the resonant circumference guided wave with theoretical dispersion curves,
calculation, and experiments proved that elastic wave is trapped at the groove of a pipe.



E-Cameral
E-Camera

s A0sso ERTBMDAARE ZER(EFE) LDV

R
AR R e ) (BfE-ED)
Time=12.5 v— ‘ .g.
e TR g
e Y AR B S

Time=18.5
HIN/z5—__ 3 T

T7A4\L—Y

REZEMARICERT 20K

BfL#ER (BEPERRME BRI
W BAE
magn B R
R
E-Camera
E-Camera LDV

6m 10 m

3.0m LDV
. SSM
|
Galvano -

mirror Fiber laser
scanner

D.2)



Noise
b n=s 6 7 sJ 9o 10 11
® Y
(C)]
3 1 n
g
£ Ul Lo
g VJT St M
T 14.3 kHz (b)
8 |7.2kHz
/ g - n
Z
10 20 30 40
Frequency (kHz)
€Y
(b)
Defect on the back —y__4 Defect on the back —__ Re;r?iixitng

: Generation
m ﬁ thWa i i
inning region
@) (b)

(c)

(@) 7.2 kHz, (b) 14.3 kHz, (c¢)

3)

(a)n=4, 1697 kHz b)yn=S 2625kHz  (c)m=6, 37.19kH:z

(dn=4, 107T41kHz (e)n~S, 13195kHz (Dn~6, 157.08 kHz



@

®) @
17.06 kHz, 26.32 kHz, 37.22 kHz
©
Groove 30mm
400
Laser scanning area _ < 30 > 100 >
to show resonant panerﬁ'r\..........................................
1010 x ,
§ b H $40
H # | ‘
' (c)n=4, 17.06kHz
Unit: mm Source / V. ] ‘
with fiber laser Ro:c.:\'m%)%omt Pipe diameter
(to find resonant frequency)  with LDV - Omm
(a) Pipe used in the experiments b
L
~12
= ) J 26320 P
<
.g 08 (dyn=5, 26.32kHz
§' | 37.22 kliz
_z :f— 17,(10 CT e e R s |(—>| 3
g 0'; | l | — -
% . M ‘lJ.'I‘A- by UJ-. sl e il L - o
§5 20 30 30 | —
Frequency (kHz) 3 | —
(b) Resonant spectrum (e)n=6, 37.22kHz
< >

1) T. Hayashi, Non-contact imaging of pipe thinning using elastic guided waves generated and
detected by lasers, Int. J. Press. Vessdl. Pip. 153 (2017) 26-31.

2) T. Hayashi, K. Ishihara, Generation of narrowband elastic waves with a fiber laser and its
application to the imaging of defectsin a plate, Ultrasonics. 77 (2017) 47-53.

3) T. Hayashi, W.-J. Song, J.L. Rose, Guided wave dispersion curves for a bar with an arbitrary cross-
section, arod and rail example, Ultrasonics. 41 (2003) 175-183.



Hayashi Takahiro

146

Energy trapping of circumferential resonant modes at a thin-walled groove in a hollow cylinder

2019

The Journal of the Acoustical Society of America

EL376 EL380

DOl
10.1121/1.5129561

Hayashi Takahiro 140
Detection of a Defect on the Back of a Pipe by Noncontact Remote Measurements 2018
Journal of Pressure Vessel Technology 061401-1 7

DOl
10.1115/1.4041433

2019

2019




2018




