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Introduction

In the field of non-deatructive testing there .exists
a particular problem of examining bonded multilayered structures
for bonding defecta and voids.

Ultrasonic methods are well suited to the detection of
such volds because of the high accustic mismatch between solids
and gases. However, the combination of thin sheets and many
interfaces makes the testing of layered structures a difficult
task by normal ultrasonic means due tc the formation of multiple
echoes in the first layer encountered.

A survey of the existing techniques of testing multi-
f layered structures! indicated that there is, as yet, no method
which ¢an determine not only the size but more importantly the
depth location of any non-bond or defect.

The Proposed Solution

The masking effect of these multiple echces in the
first layer can be avoided by applying the well-known resonance
technique. By this method acoustiec "transparency” of the first
layer can be achieved by choosing the test frequency such that
the wavelength is exactly twice the layer thickness. However,
at the second interface the problem of miltiple echoes arises
again and flaw echoes beyond the asecond layer are masked.

It is proposed to extend the resonance testing aystem
to a multilayered wedium. In the general case, im Figure 1,
non-bond 'A' would be detectable by forming a resonance of the
first layer and non~beond 'B' by resonance of the first (n-1)
layers.

Hence, it is necesaary to be able to predict the
resonance phenomena associated with the passage of an ultrasonic .
wave at any frequency through a multilayered medium.

Acoustic Wave Propagation through a Layered Medium

The resonance phencmensa of a multilayered mwedium can
be studied conveniently by means of a reflection coefficient which
can be derived in two ways?; ‘

a) by solving the wave equation with the boundary
conditions being the continulty of pressure and
particle velocities normal to the surface,

b) by use of the input impedance concept analogoua to
transmission line theory.

It is possible to write down the pressure and particle
velocity in matrix form and obtain a "characteriastic” matrix for




each bounded layer i.e. except for the two outer NEdiaa. The
overall reflectivity of a general system of layera can then be
found by taking the product of all the characteristic matrices.

Using the notation of Figure 1, the input impedance,
to the nth layer, Zin(n), can be expressed as;

Zinf) = Caln)Zin(md + )0nCn tan kndn
Cnla +) Z‘.',.(,“,).ﬁn kadn

where, P C - characteristic impedance of the nth
» A layer.
- wave number for nth layer.

Ci.— thickness of nth layer.
From thia the reflection coefficient, R, can be

written,

R = |Zat ~ G C
2334?) + Gﬂcﬁ

Both methods yield identical results end it is then
possible to exawmine the reflection coefficient for any syatem of
layers at any frequency.

Graphical Representation of the Reflection Coefficilent

In the testing situation the layer thicknesses and
material constants are predetermined constants. Figure 2 shows
the variations in the reflection coefficient over a limited range
of frequencies for a asystem of nine, thin, alternate layers of
ateel and reain. From this frequency spectrum several important
observations ¢an be made. The higher resonancesa (i.e. around
5.5 MHz and 10.3 MHz) are due to the fundamental resonancea of
the individual layers and are of very high 'Q'. For the proposed
testing syotem the lower resonances are of most interest due to
the relatively low 'Q'm involved and the lack of* higher harmcnics.

In order to investigate these lower resonances in more
detail it became necessary to return to the simple case of two
transition layers. The reflection coefficient now becomes:

R F ((’: czd - @Ci 3') + j(():.(').ﬁ - ?u CIS)
(GG 160 3} jl00p + 008
where, of ﬁ'(."e;(gwkxdim k#ia -e;cmSI'.h k,d;&uhads;
/A = (aks ( (uCasin Ry cos Ryds + xca cos ke uin 12l

¥ = @30 Bacas o o = 013 i ks 5 Ry )
§ = QuGe(CaCa iR Rk 4 Cuacos kda Sin Racs)

The reflection coefficient vanishes if;

(G.cl/g “65-8) =0
(@ ~@a¥) =0




These simultaneous equations give rige to an interesting solution;

fun ke, =~ @62 (01664 - (@) . Hankyds
G e e -(ecf)

fon Rads = 1GGT e~ 0u Weaa s - (aa))
(AT ederNecac -y

Thus, provided the expression within the aquare oot
is positive, total transmission (i.e. no reflection) is possible
for auitable leyer thickneas-wavelength ratios (other than
guarter or half wavelengths). In the genersl case the above
equations are only partially satisfied and gome reflection is
apparent as 18 evident in Figure 2 at frequencies of about 600 kMHz
and 1.1 MHz. ’

Experimental Work and Conclusions

Experimental work has been carried out on a simple
sandwich structure consiating of two thin stainless steel sgheets
separated by a thin (0,16 mm) bonding laver of resin to test the
limitations of the theory. Even though the theoretical
derivation asgumes plane wave propagution at normal incidence in
loas-leas layers, close mgreement was found with the experimental
results.

Work is now proceeding on more complicated structures
containing nori-bonded areas at known depths and results so far
indicate the feasibility of the proposed testing system.
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Figure 1. Notation for the gencral
system cof layers,
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Figure 2, Retlection characteristics
for a multilayered medium.,




