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A Study on Techniques for Focusing Circumferential Armay Guided Waves
for Long Range Inspection of Pipes
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Abstract Ultrasonic guided waves have been widely utilized for long range inspection of structures. Especially,
development of array guided waves techniques and its application for long range gas pipe lines (length of from
hundreds meters to few km) were getting increased. In this study, focusing algorithm for array guided waves was
developed in order to improve long range inspectability and accuracy of the array guided waves techniques for
long range inspection of gas pipes, and performance of the developed techniques was verified by experiments using
the developed array guided wave system. As a result, S/N ratio of array guided wave signals obtained with the
focusing algorithm was increased higher than that of signals without focusing algorithm.
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Fig. 1 Dispersion curve for steel pipe with
thickness of 7.1 mm, outer diameter of
82.6 mm and inner diameter of 75.5 mm.
The longitudinal and shear wave velocity
are 592 mm/us and 3.23 mm/us, respectively,
(a) phase velocity, (b) group velocity
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Fig. 2 Wave structure of L(0,1) mode
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2.2. Guided Waves Focusing Algorithm

HSEAZEE At L9 AR angular
profile tuningS Fohar shd, A WA Qo]
H#)o1H, iHx 249
H0—0,)= Jebd & ok &
ok 2o7,8].

N—1
()= 4(6,)H(6—0,)
i=0

angular  profile
angular profile

angular profile Go) =

= AQH @)

A0,) Ztzte] gz o3 #PsE 259
a9k el s AREG. wa, ARAQE

A(6,) 0 J8te] Thgst go] Folitt,

=—¢,/(2nf) 3)

fE Fo5ol, <Z>LE A(0,) 9 914
= G9 He yznERHe=z HHo| 7
gatd o 2k

0)=1x 'H
(0)=FFT'(1/H(w))

roltk. 4 ()
7FsatH A

A
’ @

A(0)l o8 Ag] Lol we Ao
£9x %Ao] 71535t}

29 3

=

3. B 7= = |

oo

o} AJAE

Fig. 32 (F)EAMA7IEHAIQS)NA Add

eFLF Me fFEZSHE TPAIE GUT-
8300T A 2=8€ WP 9l % 87]9] ©5AE

/\P%f?}%" Z+ 94 BExlo] I e 05x1 °oH
TAFIEE 06 Mizolth ZH7he] wjd @E5AE
T5387] -HEHH 8Alde] z&u \A/AHI}

ALY o] BA/AANE IF ADAAL
AR Al 92 gEAE T3

—E—J

Fig. 3 Photo of developed array guided wave
system (GUT-8300T developed by AIQS)
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Fig. 6 Polar plots of obtained signals radiated from single transmitter with various circumferential angular
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Table 1 Calculated time delay for array guided waves focusing point at 1 m and 0°
=6
0 45 90 135 180 225 270 315
AlzE
A A A( US) 11.805 11.055 8.816 5.116 0 5.116 8.816 11.055

Fig. 7 Experimental setup for array guide waves
testing for a pipe
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