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USING THE ULTRASONIC GONIOMETER -
TO GENERATE ULTRASONIC SURFACE
WAVES FOR MATERIALS EVALUATION
(CRITICAL ANGLE REFLECTOMETRY)

: _ W. Weston-Bartholomew
Department of Electrical Engineering
University of the West Indies

SUMMARY

This paper discusses one of the uses of the Ultrasenic Goniometer. The
goniometer applies the theory of critical angle reflection from a liquidwrsolid inter-
face. The temperature of the liquid has to be controlled, A theoretieal qnalysis
was daone to determine the limit control of the temperature.

Further, when measurements of critical angle are done under this controlled
condition, the temperature coefficient of elasticity for the surface wave on
materials can be ealculated,




52

1. INTRODUCTION

Al
: . y 1 ; ;
There are many ways of generating .ultrasonic surface waves . This paper will
discuss the method of using "critical angle reflectometry".

The theory of critical angle reflectometry is as follows:

Water is used as'a coupling medium in which dilatational waves are propagated.
These waves become incident on the surrace of the solid (see fig.l). As in optics
Snell's law can be used i.e. Sin 6 o 1)81n B2. Cy and Cy are velocities in the

liquid and solid respectively. When the? angle of incidence is increased the
dilatational wave in the solid becomes critical then the shear wave in the solid
becomes critical. Immediately beyond this criticality almost all the energy in the
incident dilatational wave is converted into a surface wave which propagates along
the surface of the material (see fig. 2). It is known that this perturbation is con-
fined to one wavelength thick. At about 1.2 wavelengths the amplitude of the pertur-
bation is negligibleZ;3, The amplitude of the wave dies away, in both x and z
directions.

2. THE ULTRASONIC GONIOMETER (CORNER REFLECTION TECHNIQUE)4

The ultrasonic goniometer is the instrument used to generate these surface waves.
The main advantages of the goniometer is that specimens of various shapes can be
interrogated since there is no physical contact between transducer and specimens. The
main disadvantage is that the velocity of the wave in the coupling media varies Wlth
temperature. This means that the temperature of the coupling media has to be
controlled,

The author considered this in detail because the sensitivity of the system is
dependent upon the velocity of the dilatational wave.

3. TEMPERATURE CONSIDERATIONS

The welocity . change is due to the change in density and bulk modulus of the
fluid.

The relation between density (p) bulk modulus (k) and velocity (Ci> is

/5

Hence the change in velocity due to .temperature becomes

1 dc 1 de - 1 dp
T, —- = 3 da 2p ar

el 2k AT 2p dT
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When the coupling medium is water the density change can be neglected and the

velocity change is due malnly to bulk modulus changes.

As can be seen from flgure 2 at the crltlcal angle 1(62m“F )

is the,yeloclty:of the surface wave on the solid.

Sin 61 = El where CR
R
- C .
Now de = 1 dc, - "1 dcC
C,cos 6 1 C. R
and de _ &1 - T 9
) 8 C_ Cos 6 i
a
After dividing through by C,8
: Therefore we can write '~
1 % 1% 1 %
6 dT 6 CR Cos © : Cl dT CR . QT

The surface wave velocity C_ can be written in terms of U, the shear modulus,

p, the density and-nR where R

+ 1.12 v

1
[e)
=

(See Bergnanns),

and v is Poisson's ratio.

differentiating and multiplying thrbugh.by 1 we get
sz, AT

1 R =1'[zdu_1d_{[r;1 S
Cp dT 2 u dT p dT]- g dT

Substituting eqn. (3) into eqn. (1) we get
C Sl de

10 o % 1% 1 a1 &
6 dT e CR Cos 6 C dT 2u dT 2p 4T

(1)
(2)
(3)
dn
1 R
— e (4)
nR dT .
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? .g' Now considering eqn. (2)

: dv
d =
" Z T+ V) and
il S
U 4(1 +v) (0.87 + 1.12v) (5)
@ Substituting equation (5) into equation (4) the equation relating change in
~ Hical angle with change in temperature can be written as follows:
Lds 1 (3 O 3 4 + L b _
0 T ] CRCos 6 Cl dT 2u dT 2p dT
g“ , 1 dv
- 4 (1 +v) (0.87 + 1.12v) ar (6)
b In some cases where the density and Poisson's ratio of the specimen dq not
over the temperature range considered we can write:
O T L T S @
8 4T 6 CRCOS 6 C1 dT 2y dT
Both 1 df and 1 - are given in Bradfield® for most materials at. 200¢.
: u dT C1 dT )
; that 6 on the right hand side of equation (7) is in radians. it was found
#in order to obtain accurate and repeatable results the temperature of the
8l (water) has to be controlled to +0,010C
8 If the elastic moduli of an isotropic solid are considered
i.e. C11 = X + 2u and C44 = U we can express an in
"R
i {equation (5) as follows:
1 1
dn E dC,, - =— dc :{
—R _¢, |t “fu1 Chs 4t
k C c,,6 ? (@8
2C11 8.58-23.38 (44y + 15.92 C 44)

=T 11
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C - 2C
3 11 L4
where v = See reference (7)

11 44,

The author re-arranged equation (1) in order to get an expression for the
temperature coefficient of elasticity for the surface wave in any material, i.e.

ifi_c_R=-_eC_Rfis__e[l@_ L L -
CR dT C1 g dT C1 dT
Substituting CR = Cl/Sin 8 into eqn. (9) we get
1 %% e 1 0], 1 & (10)
c, dT tan 6 6 dT c, dr
R 1
Note that 6 outside the bracket is in radians.
Therefore 1 dCR _ m o 1 Sy (11)
CP dT 180 tan 6 dT C1 dT )

/G
Substituting CR = ~—§B (where GSR is the elastic modulus of the surface

wave) into equation (11) we get

1% L 1 Cx 1B
CR dT ZGSR dT 2p 4T
1 9%
Substituting for — -5+ from equation (11) we have
CR dT
1. % _ [n @ , 1 11w
2G dT 180 tan 6 dT C dT 20 dT
sR 1
Therefore

dc

1 e _2[_11_ ]Jri__l_L__
GSR dT 180 tan © C1 dT p dT

It
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or 1 dGSR 2 dCR when the temperature coefficients

GSR dT CR dT

of linear expansion and density are neglected@ The author used accurately measured
values of critical angles versus temperature, to form Table 1. This table gives
the temperature coefficient of elasticity for the surface wave for some materials.
The temperature was controlled to + 0.010C.

4, CONCLUSIONS
A corner reflector type goniometer was used. The. temperature of the fluid
(water) was controlled to + 0,01°C. The ultrasonic exciting frequency was SMHz and

pulsed continuous waves were used.

The paper shows that if the temperature of the water controlled, and careful
measurements of critical angle done, useful results can be obtained.

Using equation (11) and carefully measured values of Og the temperature
coefficient of elasticity for the surface wave can be obtained for any material,
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