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Abstract

A line-focus ultrasonic SH-wave probe is developed forsipdes application to TOFD
method. The probe is composed of a quarter- or half-cylmldwedge and a piezoelectric
transducer adhered to the cylindrical surface of the welg&H-wave pulse with cylindrical
wave front is generated by the transducer, transmittéuetavedge, and focused on a line at
the bottom surface of the wedge. Hence, the SH-waweident on the specimen surface at
all angles from zero to 90 degrees simultaneously. Theetdiity of the probe is examined
and compared with that of the line-focus P-wave probeldped previously.
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1. Introduction

In recent years, non-destructive testing has attrati@e attention from industry than
before in terms of managing the safety and integrityagéd machines and structures.
Ultrasonic non-destructive testing is one of the masiely used techniques among others.
However, further improvement of accuracy and reliabiiitydetecting and sizing various
kinds of flaws is still demanded. Development of nepetyltrasonic probe is certainly one
of the most effective ways to achieve such improvement.

From such viewpoint, our research group has been developmeg-&/pe ultrasonic probe
called contact-type line-focus probe during the past tansy& his probe is composed of a
guarter- or half-cylindrical wedge and a piezoelectric ddacer adhered to the cylindrical
surface of the wedge. A P-wave pulse with cylindrical wéest is generated by the
transducer, transmitted to the wedge, and focused on & line bottom surface of the wedge.
Hence, the P-wave is incident on the specimen atrailles from zero to 90 degrees
simultaneously. It has been shown that this probeezaite and detect Rayleigh, Lamb and
generalized Lamb waves without adjusting the incidenteatagihe testing objett’.

Figure 1: Numerical simulation of P- and SV-waves exditgthe line-focus P-wave probe



It has been also shown that the line-focus probe gaiteeP- and SV-waves in bulk
specimen in all directions of refraction angles frek0 to 180 degrees simultaneoif$lgs
shown in Figure 1. Such a wide directivity of P-waveugable for application to the TOFD
method. The applicability of the line-focus probe to tkeFD method has been studied and it
has been confirmed that crack length can be sized by usinméhfocus probe with accuracy
comparable to those obtained by angle beam P-wave pooliée market. Although P-wave
having such wide directivity can be excited using phasedy girabes nowadays, the
line-focus probe has a structure much simpler than theepgharray probe and can be used in
the same manner as conventional angle beam probe.

The TOFD method usually utilizes P-waves traveling altwegtép surface (lateral wave),
diffracted at the crack tip, and reflected at the botsmface. The crack length is then
calculated from the differences between traveling giroé these P-waves. However, there
exist many other waves such as Rayleigh wave travelioggathe top surface and
mode-converted SV-waves generated by refraction at thdgesspecimen interface,
diffraction at the crack tip, and reflection at thetbm surface. These waves often cause
difficulty in identifying the traveling time of each Pawe used in the TOFD method.

To overcome this disadvantage of the TOFD method usingVs, Rao et al. considered
use of SH-wav®. When SH-wave is used, other waves such as RayleigindPSV-waves
do not appear as far as two dimensional wave propagation Brg¢han plane is considered.
In addition, the crack size evaluation is expected tmbee accurate because the wavelength
of SH-wave is shorter than P-wave as pointed out ly®a’. Since TOFD method using
SH-wave has not been established yet, it is worthidensg the use of SH-wave further
more. For this purpose, it would be beneficial to develoSH-wave probe suitable for
TOFD method.

In this paper, a line-focus SH-wave probe is developeddesiple application to TOFD
method. The directivity of the probe is examined and pared with that of the line-focus
P-wave probe developed previously.

2. Structureof Line-Focus SH-Wave Probe

Figure 2 shows the basic structure of line-focus SH-wawbepdeveloped in this study. A
piezoelectric ceramic transducer is adhered to thadridal surface of the wedge made of
polystyrene. The size of the wedge is 10 mm in radiusl&ndchm in width. Two pairs of
probes were produced in this study: one having half-cylindwealge as shown in Figure 2
and the other having quarter-cylindrical wedge. The nomirsdnance frequency of the
ceramic transducer is 1 MHz.

When a electric pulse is applied to the transducerHaw&®ve pulse with cylindrical wave
front is generated by the transducer, transmitted to #agey and focused on a line at the
bottom surface of the wedge. Hence, the SH-wave idention the specimen at all angles
from zero to 90 degrees simultaneously. Judging from the qu&wvexperience on the
line-focus P-wave probe, it is expected that SH-wawexated in the bulk specimen in all
directions of refraction angles from -180 to 180 degraesilneously. Such a wide
directivity of SH-wave would be suitable for applicatim the TOFD method.
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Figure 2: The basic structure of line-focus SH-wave probie lalf-cylindrical wedge



3. Evaluation of Directivity
3.1Method

The directivity was evaluated for the line-focus SH-wpwebe as well as the line-focus
P-wave probe with different transducers (piezoelecti@amics or composites) and wedges
(half- or quarter-cylindrical). Table 1 shows specificasiof line-focus probes evaluated in
this study.

The probe to be evaluated was put on a half-cylindrtegll specimen (100 mm in radius
and 70 mm in width) as shown in Figure 3. The incident (fquant of the line-focus probe
was positioned at the center of the specimen. The R;v&¥wave and SH-wave excited in
the specimen were received using electro-dynamic P- or S-paes (WAZAU) at the
cylindrical surface of the specimen. The directivity \eaaluated by the maximum amplitude
of signal received at each refraction angle from -88btdegrees.

Table 1: Specifications of line-focus probes evaluatedismstudy

Probe ID| Wave Type| Transducer] Wedge Shap&requency [MHZz]
A P Ceramics | 1/2 Cylindef 2
B P Ceramics| 1/4 Cylindey 2
C P Composites 1/2 Cylinder 2
D P Composites 1/4 Cylinder 2
E SH Ceramics| 1/2 Cylinder 1
F SH Ceramics| 1/4 Cylinder 1
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Figure 3: Method of evaluation of the directivity

3.2Resaults

Figure 4 shows the directivity of P-wave excited by tine-flocus P-wave probe. The
maximum amplitude of the signal received at each redmacingle is plotted in this figure,
which is normalized by the maximum value for all refil@etangles measured. It can be seen
that the line-focus P-wave probe has a very wide dwigcas demonstrated in the previous
study”. The maximum amplitude is obtained at refraction angteund 30 to 50 degrees for
the half-cylindrical wedges (Probe A and Probe C) andiratazero to 30 degrees for the
quarter-cylindrical wedges (Probe B and Probe D). In tegarapplication to the TOFD
method, the ultrasonic wave is not necessary to bdeexan the direction of negative
refraction angles. In other words, it is preferable tha sensitivity in the direction of positive
refraction angles is as high as possible. Therefbeehalf-cylindrical wedge is more suitable
for application to the TOFD method than the quarteindyical wedge adopted in the
previous studs.
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Figure 4: Directivity of P-wave excited by the line-focus/&ve probe
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Figure 5: Directivity of SV-wave excited by the line-fodesvave probe
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Figure 6: Directivity of SH-wave excited by the line-focus-&Bve probe



It was also confirmed that the absolute sensitivitgahposite transducer probes (Probe
C and Probe D) is about twice as high as that of certnansducer probes (Probe A and
Probe B). As a result, Probe C is the most suitabl@pplication to the TOFD method among
the four kinds of P-wave probes evaluated in this study.

The directivity of SV-wave excited by the line-focus Bwe& probe is shown in Figure 5.
The difference between the directivities of the halfid quarter-cylindrical wedges is less
significant than in the P-wave case shown in Figurdhk large amplitude observed at
refraction angles around -85 to -80 degrees may be attfibotRayleigh wave propagating
along the top surface of the specimen.

Figure 6 shows the directivity of the line-focus SH-wpwebe. Both line-focus SH-probe
shows relatively large amplitude at refraction angtesnf20 to 85 degrees. The maximum
amplitude is obtained at 60 degrees for the half-cylindweslge (Probe E) and at 25 degrees
for the quarter-cylindrical wedge (Probe F). The halfradrical wedge shows higher
amplitude at refraction angle larger than a certalnevé35 degrees in this case) compared
with the quarter-cylindrical wedge. This tendency is thmesas in the P-wave probe but less
significant. It should be mentioned that P- and SV-wavese not detected by the receiving
probe. Therefore, the line-focus SH-wave probe developddis study has a potential for
application to the TOFD method.

4. Conclusions

In this study, a line-focus SH-wave probe was developeghdssible application to the
TOFD method. The directivity of the developed probe waduated and compared with that
of the line-focus P-wave probe developed previously. Assaltreit was shown that the
line-focus SH-wave probe has a potential for applicataihe TOFD method.

In the future study, the directivity should be evaluatediloyerical simulation to confirm
and improve the basic characteristics of the probelidgiplity of the probe to the TOFD
method should be also examined in practice.
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