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Cones or wedges inserted between an ultrasonic transducer and a specimen enhances certain
characteristics of the transducers. Such an arrangement is useful in that the transducer can be used
for transmitting and receiving signals on a poifr line) source, which can eliminate the
undesirable aperture effect that makes the transducer blind to waves traveling in certain directions
and to those of certain frequencies. In this paper, a comprehensive numerical analysis based on a
wave propagation model is carried out to study the characteristics and parameters of wedges. We
study the effect of dimensions, shape and aperture on frequency response and directivity. For
computational accuracy and efficiency, the boundary element method is used in the analysis.
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I. INTRODUCTION mitting transducer as a distributed traction and using a
weight function on the displacements of the receiving trans-

Ultrasonic transducers used in the non-destructive evaluducer. They used the boundary element mett®EM) to

ation (NDE) and testingNDT) are traditionally fabricated in model the pulse-echo test from a standard A-scan signal. To

circular or rectangular shapes of finite dimensi¢ypically  improve the model of the transducer, Schriéntroduced

0.5 to 2.5 cm diametgrAlthough these transducers are easythe transfer function for the transducer—specimen system,

to manufacture and they provide strong and well-directedvhich makes it possible to obtain variations of approxi-

signals, there are some disadvantages associated with theiately 20% between the experimental and numerical signals.

relatively large dimensions with respect to the wavelengthsMarty et al.” experimented with the propagation of Lamb

The main disadvantages of a large transducer include signalaves generated by point source excitation on the surface of

distortion, the fact that certain frequency components may be plate. Wooh and Zh&3 and Shi and Wool"** studied the

cut off, and the near field effect, which are generally referrechehavior of laser excited ultrasonic bulk and guided waves,

to asaperture effects respectively. A general guideline to design transducers can be
The benefits of using point sources and point receivergound in the Nondestructive Testing HandbddK\ote that

for NDE have been addressed by Sach&mne of the ways these are just a few examples of the many studies previously

to produce point contact between the transducer and the tacarried out.

get surface is to use a miniature or pencil-tip transducer. Lee  Despite the abundance of studies in these areas and the

et al? demonstrated a technique to achieve small contact sufact that wedges have been used in practice for a long time,

face areas of as low as 200 to 406t in diameter by directly the response of the wedge has not been studied in great de-

cutting a piezoelectric plate using a laser beam. Another anthil. To our understanding, little knowledge about the effect

perhaps easier way to provide point contact is to use a cylinef mechanical coupling between the transducer and the

drical cone or a triangular wedge whose vertex or knife-edgapecimen through a wedge is available. The study described

is in contact with the surface while a normal sized transducein this paper is motivated by the capacity of point or hairline

is mounted on the flat surface of the wedge. Note that théransducers to overcome the del@as aperture effects of

former (cone produces a point contact while the latter larger transducers. We report the results of a comprehensive

(wedge can be used to produce a hairline contact. The use gbarametric study in an effort to establish guidelines and cri-

wedges to collimate waves and to generate point sources waesria for optimum wedge design. The conclusions drawn

first introduced by Ying in 1967. from our numerical study allow us to predict the influences
The propagation of ultrasonic waves radiating from aof boundary conditions and wedge geometries on the

transducer has been studied by many investigators in an efransducer—specimen coupling mechanisms.

fort to understand the response of the transducer as a system.

For example, Imamufacomputed the particle velocities of || TRANSDUCER DESIGN ASPECTS

the waves for circular point transducers. Kimoto and Hitose

studied a transmitter—receiver setup by modeling the trand™- Aperture effects

To demonstrate the aforementioned aperture effects, we

¥Send correspondence to Professor Shi-Chang Wooh, 5 Moore Cir., Be&a!(e the example of a large transducer used in detecting Ray-
ford, Massachusetts 01730. Electronic mail: scwooh@mit.edu leigh waves on the surface. The response of the transducer
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TABLE I. Design criteria.

Criteria Effect

Small contact area with specimen Reduces the aperture effect.

Large contact area with specimen Can transmit higher energy.

Large contact area with transducer Can transmit higher energy.

Wedge shape Avoids spurious eigen-modes or unexpected wave

propagationgwithin the wedge in comparison to direct conact
Allows for feasible manufacturing processes.

can be expressed by the superposition of the wave displacexpressed in terms of Green’s functions when averaging the
ments detected by the transducer as the wave propagatesasurement over the transducer’s surface area.
through the surface of contact between the transducer and the Our objective is to analyze the performance of the

target material, that is, wedge working as a participating component of a complete
1 NDE measurement system. A wedge can be used either as a
u(t)= Kf u(x,t)dQ, (1)  transmitter or receiver, or both at the same time. For this, it is
Q

arguably sufficient that we only need to study the frequency

whereu(t) is the surface displacement afidis the contact ~'€sponse qf transducers located at two well-chosen poi.nts.
surface of the area. If a one-dimensional harmonic wave of We first define a number of essential components of a typical

the form ultrasonic NDE system shown in Fig. 1. The system consists
of five distinct components characterized by their respective
u(x,t)=B cogkx— wt), (20 transfer functions denoted by the symbid™ (function

is considered to be detected by a circular transducer of radilgenerator or Bglsﬁrh(fpil) (transmitting tfaﬂSnglgiifh(PU)
a, wherek is the wave number ana is the angular fre- (Specimei h_( ) (receiving transducgr and h(RO) (signal
quency, then the detected signal would be expressed in tHgceiving unil. In this system, we deal with four different

simple form signal levels:s(" (input signal, s© (output signal, sV
(signal just emitted from the transmitting transducemd
(t)= 2J,(ka) B cog wt), 3) s (signal arrived at the receiving transducer
ka The electrical and mechanical responses of a transmit-
whose amplitude has zero-crossing points at every root of thi"d transducer are invariants that can be determined inde-
Bessel functionJ, (ka). pendently by choosing the wedge parameters. Thus, the

transmitted signas(™ is defined simply as normal stresses or
tractions distributed on the area of contact between the
wedge and the transducer. The functibff P relates the

As explained earlier, the problem of the vanishing fre-emitted signal and the pressure induced in the specimen at an
guency components due to phase cancellation can be reternal pointz, located underneath the tip of the transmit-
solved by physically reducing the size of the contact areding transducer, i.e.,
using a wedge. An optimal design can be reached by consid-
ering the effects shown in Table I. Our goals are to optimize

B. Design criteria

the design based on manufacturing and operation criteria p(z2)=hTPxs(T). )
while maintaining the simplicity of signal transmission and
reducing the aforementioned oscillatory effects. The functionh(VR relates the received signaf® and the
induced displacemeni(z;) at a point ¢;) located under-

IIl. SYSTEM RESPONSE neath the receiving wedge, i.e.,
A. Transfer function

In order to characterize the transducer—specimen wedge s®=h"Rxu(zy). ®)
system, we use the transfer function, assuming that the sys-
tem is linear time-shift invariant. Transfer functions are often

Transducer Transducer

Transmitter Receiver
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Output

Waveform G Specimen R
Generator + Conditioner+
Amplifier Oscilloscope

s 5@ u(z1) s®
RUD) ‘hw;ﬂ
FIG. 2. Definitions of two reciprocal problemsa) Transmitter and(b)
FIG. 1. Schematic of a generic NDE system. receiver.
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: ;i FIG. 3. Three different models used in the wedge de-
o Spébéfnen \ : Specimen L_)\ sign: Models(a), (b), and(c).
a <7 . / p=1
i e //
(@ ®) (©)  Incident wave

Likewise, the functiorh(PY) is the transfer function of the whereb, is the body force fieldy, is the displacement field

specimen relatingi andp, in the ) domain, andp,=ojn; is the stress vector on the
_n(PU) boundanyl’, respectively. If we apply the reciprocity theorem

u(zy)=h"""*p(z,), (6) P ; :
between the two states shown in Fig. 2 with the following

which is also an invariant for different wedges. The transferoading and boundary conditions:

functions can be obtained directly in the transformed fre-

quency domain by dividing the output signal by the input b2=0

function. Similarly,h('™ andh(R© reflect the response of the

two electrical systems of the transmittest” =h(Txs(), Primary state(a) | (0D Te, ©
and the receivers(® =h(ROxs(R), k10, elsewhere,
The overall output of the system is the convolution of
the input signal and the transfer functions of all the compo- bE: 8(z)ny,
nents in the signal path, i.e., Secondary statéb) pb= (10
50 = gNs R M K(TP)x {(PU)x 1 (UR)x R (RO) 7
then we get

Since the function®('”, h®Y) andh(R remain invariant
through a test in regard to the wedge design, it is only nec-
essary to study the functions™ and h(V®, whose re- nkuﬁ(z):f ubdr. (11)
sponses vary for different wedges. We use a partial model of r
the latter as follows.

This means that the results of the two models are identical,

) ) " . and we need to study only one of the models to describe
B. Reciprocity between the transmitting and receiving both.

subsystems

In principle, we should consider the wedges as inte-
grated parts of the transmitting and receiving transducerss
The transmitting wedge—specimen system model is shown u‘"é: 10
Fig. 2(a), in which the piezoelectric transducer is simply g o 0
modeled as pressure distributed uniformly on the contact -5

. . . . g _10 -10
areal’. . Using this model, we can compute the particle dis- © 500 1000 0 500 1000
placements in the radial directidn) at all the pointsz lo-
cated on an arbitrary arc of fixed radiusThis allows us to
study the directional dependency or tdeectivity of the
waves propagating into the medium. To study the character-3
istics of the receiver assembly, a reciprocal model shown inS ! o 500 1000 0 500 1000

Fig. 2(b) is considered. In this model, the particles on the arc g

h=1.27 cm h=2.54 cm

1

ain (dB), a=0.10 cm

0
5
0 0
5
0

0.20 cm

of radiusr are loaded in th@ direction by applying pressure = 10 10
in the form of a Dirac delta function. Then, the output signal > m o o
is calculated by integrating the normal displacements overs
the surface [[) of contact between the wedge and the re- <D'1°o 0 o % 00 7000
ceiving transducer. g Frequency. fcHe)
It is sufficient to study only one of these models to ana- % 10 1:
lyze both cases, because the reciprocal model yields identice: | 0
results. To prove this, we simply need to recall Betti’s recip- 5 -5
rocal theorem of continuum mechani¢Sreen’s theorein & '°; 00 e 00 7000
between the primarya) and secondaryb) states, i.e., Frequency, f(kHz) Frequency, f(kHz)
FIG. 4. Frequency response of the stocky (heigh7 cm) and tall
f bpu? dQ+f pPudd j bup dQ—i—f p2ubd (height=2.54 cm) wedges with various contact areas. A wider and smoother
® \rl)vlz(tjeg:zu appears at high frequenciesascreases, particularly for the taller
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TABLE II. Specifications of the wedge shapes considered in design.

Contact area Height Focal frequency

Design Profile a (cm) h (cm) f. (kHz)

1 Constanino reduction of area 2.540 0.000 0

2 Linear (narrow contact arga 0.010 1.270 489

3 Linear 0.100 1.270 489

4 Linear (wide contact area 0.500 1.270 489

5 Linear(doubled height 0.100 2.540 979

6 Linear (4X height) 0.100 5.080 1957

7 Linear (20< height) 0.100 25.400 9790

8 Linear (45 degrees sidgs 0.100 1.220 470

9 Circular(concave: 0°-45° 0.100 2.950 1136

10 Elliptical (vertically scalec 0.5) 0.100 1.470 566

11 Logarithmic(y=a log(bx)) 0.100 1.270 489

12 Circular(convex 0.100 1.260 485

C. Boundary element method sense of Cauchy’s Principal Value. In implementation, we

In studying and designing the wedge—specimen system&!S€ 'the classical c'onform.ing discreti.zation spheme with qua-
we use the boundary element metH®&EM) because of its _drat_lc elemen_ts, eight-point G_auss integration a_lfter regular-
clear advantages over the finite element or other discret¥ation and displaced collocation strategy. The implementa-
methods. First, the BEM does not require remeshing of thdion details are developed in R&Tﬂ_’ls equation is used for
body domain at each iteration. This not only reduces thd©th boundary and internal points!
computational time but also eliminates small but important
perturbations caused by changing the mesh. Second, by rg7 NUMERICAL RESULTS
ducing the dimension of the problem by one, the fine meshes ) o )
required by high frequency become affordable through the ~ The parametric design is based on three different models
BEM. shown in Fig. 3. The modéh) shows an emitting transducer

We use the singular formulation of the boundary integralSitting on a standalone wedge. This model is used to study
equation, the effects of the transducer’s contact areas and height.
Model (b) shows the transmission of energy into the speci-
men through a wedge. This model is used to compute the
transfer function of the combined assembly and directivity
analysis. Finally, mode(c) shows a signal coming from the

=0. specimen to the transducer mounted on a wedge. This model
This equation obviously relates the displacemenptand the is used to demonstrate the improved reception due to the
tractionspy exclusively at the boundaries. If we use the com-presence of the wedge. In addition, a combination of the
plex presentation of fundamental harmonic solutionsdpr models is used to analyze the effects of the boundary condi-
anduy, then solving this equation yields fundamental har-tions.
monic solutions for a single frequeney In the equationg; To ensure the precision of the BEM results, the model
is a geometry-dependent constant, and the integral has theas discretized with approximately 70 quadratic elements

L) U(X) + ][F[p‘kw;x)uk(w—uL(y:x)pk(y)]dny)

10

Dimension, y (cm)
Gain A -> B (dB)

FIG. 5. Design 1. Combined frequency and directivity.
Above left: wedge shap@o wedge, Above right: gain

B 15 260 460 660 Bdo 1000 from zoneA (transducerto B (contact zong Below:
Dimension, x (cm) Frequency, 1 (kHz) two perspectives of the gain froBito C (internal point
GainB->C in the specimen at every angl@oth gains should ide-

ally be as horizontal and uniform as possible. Direct
transducer—specimen contdob wedge gives undesir-

I
o) 045 ably wavy response in both frequency and directivity,
e A as expected.
~ @ 1.
3 £
g §os
=]
g
& 0
0
000 o 60 “ *
o 20 40 80 80 Frequency, 1(kHz) Propagation angle, 6 (deg)

Propagation angle, 6 (deg)
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2 1 6 1 2 '300 260 400 600 800 1000 FIG. 6. Design 2. An ideally narrow contact area gives

Dimension, x (cm) Frequency, 1 (kHz) very flat directivity response in the high frequency band
but with high signal attenuation. Design (§raphics
omitted. A slightly enlarged contact area provides bet-
ter results than those of Design 2.

GainB->C

Frequency, 1(kHz)

0

60
}000 2 Propagation angle, 6 (deg)

0 20 X 40 60 80 Frequency, 1 (kHz
Propagation angle, 6 (deg)

and with a frequency sampling between 0 and 1 MHz at arous monochromatic traction of unit magnitude applied on the
increment of 10 kHz. The material used in this study is 434Qransducer—wedge interface. Then the displacements at the
steel. The acoustical and physical properties of the materigjottom face(no traction at all discrete locations are com-
are given by its longitudinal wave speex] =5850 m/s, puted using the BEM, and they are integrated over the area
transverse wave speed= 3240 m/s and its mass densjly o obtain the overall time-averaged output of the system. The
= 7220 kg/n. ratio of the integrated displacement and the excitation func-

~ Forthe sake of convenience and without losing generalgigp, i the frequency domain yields the transfer function of
ity for conclusions, we only considered two-dlmensmnalthe wedge

problems, in that a wedge was assumed to have an infinitely

large dimension in its lateral direction. From the practlcalWedge height, we consider wedges of two slenderess ratios:

point of view, we use a fixed value of 2.54 orh.0 in) for . i
the dimensiorw (the area of contact between the transducerStOCky and tall wedges. Figure 4 shows the computed trans

and the wedge Then we varied the heiglih) and the base fer functions of the stocky H=1.27cm) and tall &

contact areda) of the transducer to study their influences on — 2->4 €M) wedges with various contact areas=0.05,
the transfer function. 0.10, 0.20, and 0.40 cmrespectively.

We should recall at this point that an ideal transfer func-

A. Base contact area and height tion is represented by a uniformly flat curve for all frequen-
Figure 3a) illustrates the model of the isolated wedge cies. Since it is practically not possible to achieve this goal,
with all free boundary conditions. In order to compute thewe should admit that we can use only a limited range of
transfer function of this model, we first consider a continu-frequencies within which the transfer function is reasonably

To study the effects of the base contact area and the

-
- o

Dimension, y (cm)
< o
[3,]

05
3 i % .20 B 3 3 H
2 -1 0 1 2 0 200 400 600 800 1000
Dimension, x (cm; Frequency, 1 (kHz) . .
(om) FIG. 7. Design 4. When the wedge—specimen contact
GainB->C ) area is too large, it causes undesirable aperture effects.

1000

P [o2] @
o (=3 o
o o o

Frequency, 1 (kHz)

n
(=3
(=]

o

= 60
;000 60 Propagation angle, 6 (deg)

0 2 . 40 60 80 Frequency, 1 (kHz,
Propagation angle, 6 (deg)
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2 1 0 1 2 o 200 400 600 800 1000 FIG. 8. Design 5. A taller linear wedge with medium

Dimension, x (cm) Frequency, 1(kHz) contact area provides improved response in both direc-
GainB->C tivity and frequency. Design &graphics omitted A
1000 taller wedge provides excellent response in terms of
both frequency and directivity.
5 800 o0
= 203
~ 600 @
> £ 0
3
& 400 001
3
o
o
= 200

25

0 20 40 60 80
Propagation angle, 6 (deg)

40
60
Frequency, 1(kHz§000 e Propagation angle, 6 (deg)

flat. Our immediate conclusion upon investigating Fig. 4 iswherec, is the phase velocity in the specimen dnid the
that the base contact are@ahas little influence on the fre- frequency. It can be easily shown from this relationship that
quency response of the wedge. We may note that the usefthe reduced source area decredses y increases. As men-
frequency range in this configuration is the band above 50@ioned earlier, the purpose of using a wedge is to provide a
kHz, where the response function is smooth and flat as conuasipoint(or hairline source. This means that we intended
pared to that in the low-frequency region. It can also beto generate cylindricalfor hairline sources or spherical
observed that increasing the base contact area extends th@ves (for point sources To validate the performance in
lower bound of the usable frequency band. This trend is parachieving this goal, it is necessary to investigate the direc-
ticularly strong for the casé=2.54 cm, as shown by the tional dependency of the propagating beam. In this paper, we
extended plateau of smoother and slower slope in the restudy the directivity of the beam emitted from a transducer—

sponse function foa=0.40 cm anch=2.54 cm. wedge block using the model shown in Figb8 Directivity
is obtained by computing the farfield displacements along an
B. Transfer functions and directivity arc located at a fixed distance from the soufwe usew/2

For proper transducer design, it is important to under- 1.\2N7 cm). dered thi i d h .
stand the behavior of the emitted wave field that can be char- q € rc\:onS| ered thirteen dl ergnt Wﬁ ge shapes |pdour
acterized quantitatively by the natural focal lengttand the ~ Study- The most common and easiest shape is trapeizoi

aperture angley given by the relationship ear profilg. In additipn to thig simple shape yvith some varia-
5 tions, we also considered different geometric profiles such as

No (0.9%w)“f and  simy= 0.5Ic, 12 circular, elliptical, and logarithmic shapes. The detailed de-
4c, Y~ 0.9’ sign specifications are shown in Table Il and the cross-

o A N N
o o (=1 ()

Dimension, y (cm)

(&,

FIG. 9. Design 7. An extremely tall wedge causes in-
stabilities due to excessive attenuaticr40 dB A—B)

at high frequencies. Design &graphics omitted
Choosing a 45° wall angle does not necessarily produce
any improvement. Design @raphics omitted The fre-
quency and directivity responses of a horn-like wedge
are similar to those of Design 5, but it provides a worse
gain A—B.—Design 10(graphics omitteld This short
horn-like design yields severe instabilities at low fre-
quencies.

200 400 600 800 1000
Dimension, x (cm) Frequency, 1 (kHz)

GainB->C

Frequency, 1 (kHz)

0

J000 80 60

0 20 40 60 80 Propagation angle, 6 (deg)

Propagation angle, 6 (deg)

Frequency, 1 (kHz
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1000

8B a half-circle design is poor.
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sectionalviews of each design are illustrated in Figs. 5-10 Now we play with the wedge height. As the wedge be-
(in the upper left hand corners of the figureBhe curves in  comes tallerDesigns 5 and % the directivity is improved

the upper right quadrants of these figures represent thend the response becomes smoother, but excessive attenua-
frequency-dependent gain produced by the wedge itself fation at high frequencies makes tall wedges undesirable. Fig-
each design, i.e., the ratio of average displacements at thee 9(Design 7 shows an unstable response in an extreme
transducer—wedge interfa¢d) and the wedge-specimen in- case. No revealing relationship was found between the focal
terface(B) plotted as a function of frequency. depth and the height of the wedge.

The plots at the bottom of Figs. 5-10 are the gains  Design 8 tests a wedge with a 45° angle in an effort to
achieved while traveling from a point dd to the arcC. In reduce the effect of reflections inside the wedge, but no im-
other words, these figures represent the displacement atpovements are found and the response is very similar to that
point on C normalized by the average displacement of sur-of Design 3. Horn-like shapes and other geometric variations
face B. The gain between the points ghand C are not are tested in Designs 9 to 12. They do not necessarily im-
shown but they can easily be computed by multiplying theprove the performance. We also observe that the mechanical
respective gains in pati#%-B andB—C. The gains at all the coupling due to the presence of the specimen affects the
discrete points orC are computed and plotted as a function transfer function by attenuating the gain at some frequencies
of propagation angle as well as frequency. The same resulend negatively affecting its behavior. Compare the results of
are displayed both in gray scale imag@ghere the pixel Fig. 4 (a=0.10 cmh=1.27 cm) and those of Fig. 1@ain
intensity represents the gainand perspective three-
dimensional plots for a clear presentation. Remember that
the goal of an ideal design is to achieve a flat platform, s

Directivity for f=10kHz Directivity for f=100kHz
1

. . . — Des!gn N L o : Design 3
vyh|ch provides little dependgncy on.frequ.ency and propaga- 4 " Desn 5 08 T e
tion angle. Some of the design configurations are omitted in - Design 1 0 - Design 1

Gain

this paper due to space limitations, but they are available by 3
contacting authors. The following are the key observations
derived from the set of figures: L

0.4

02

Figure 5 (Design 1 shows the results for direct — oo—p——"—F—, T
transducer—specimen contact, i.e., no wedge is used in thi Propagation angle, ¢ (deg) Propagation angle, & (deg)
configuration. The first attempt to reduce the oscillatory per- . Direcivty for 1=500kHz 006 Directivity for f=1000kHz
formance is to insert a wedge having a very small contact ) T D i 5| T e
area with the specimefDesign 2, Fig. & This certainly ol % i Lo Desnn oodl o ¢ 17 pesend

enhances the effective aperture angle and gives more unig
form gain. But it produces excessive attenuation at some"
frequencies. Besides, it is difficult manufacture such a sharg
wedge. As the wedge—specimen contact area is enlarge T T s T s R
(Design 3, the response shows improvements in both fre- = 22 wogescn O acation ngle, 0 (o)
guency and directivity. However, when the area grows exces-

; ; ; FIG. 11. Directivity plot for some frequencies and selected designs. Design
Slvely (DeSIQn 4, Fig. 7’ the performance gets worse anq 5 can be chosen as optimal, establishing a compromise between a homoge-

great instabilities occur. Up to this point, the best design igequs directivity and gain. The enhancements of this design are enlightened
No. 3. against the absence of the wed@®sign 1.

Gain

008 ° : 0.02
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-—- Frequency: 500 kHz .

— - Frequency: 1000 kHz (a) Transmitter Receiver
: fwa

- Prescribed stress
specimen
: K Transmitter :

______ : g b o, Prescribed displacement Recelver

B} : R o= e e . specimen
s 10 20 30 40 50 60 = Z
Incident angle, 8 (deg)
Transmitter

FIG. 12. Response upon inclination of incident wave. Uniformity due to the © Wedge o~ Receiver

presence of the wedge is emphasized. = specimen

A-B). The former takes into account the specimen whereasF!G. 13. Model for the study of the boundary conditions at the emitter.
the latter does not.

We may conclude from these observations that a propshown in the gains at frequencies of 500 kHz and 1 MHz are
erly designed wedge can improve the directivity patterns. Irthe indication of the phase cancellation effect. These valleys
order to elucidate the directivity enhancements of the beslisappear when the wedge is inserthdttom figure causing
designs, we show in Fig. 11 the directivities of different de-the responses to become more uniform.
signs at various frequencies.

D. Boundary conditions

C. Verification of the improvement The boundary conditions should take into account the

The problem of vanishing frequency components due ta@oupling between the transducer and the wedge, which is
phase cancellation along the surface measurement can bquivalent to prescribing boundary conditions in terms of
solved by inserting a wedge. This problem is modeled nustresses and displacements at the transducer—wedge interface
merically by considering a semiinfinite space where a plane@nd computing the resulting stresses and displacements at the
P-wavefront arrives at a variable andisee Fig. &)]. wedge—specimen interface. We can argue here that for a

Figure 12 gives the gain as a function of the incidentsmall contact aregooint source—receivgrit is sufficient to
angle. The cancellation effect is clearly observed from therescribe the boundary condition at the wedge—specimen in-
gain without using the wedgé@direct contagt The valleys terface in terms of either tractions or displacements, which

Frequency response for different boundary condition models
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! : : B : : — - Complete wedge model

FIG. 14. A comparison of the boundary conditions at
the emitter. Prescribed stress and displacements are
closely related.
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