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RESUME]

A Dhswitchsd Nd:YAG laser has been used te generate lnngltudinul and nhaar
acuustlc pulses in usrlnus metals uvsr e wlde range of lneldent laser nnmur
densities. Datectien with u192uelectrin transducers has alluued varluuu
generatlnn mechanisms to he identified in hotn the nnn-plasme and plasma
regimesL The effect at varlnus mndifientlnns tn the metal surface is
discussed.

INTRUUUUTIDN

Many papers have appeared in the literature which desrrlhe the generatinn nf

ultrasound by lasers. IL is duly recently. hnwever. that generalien in metals
has bFIBrI studifid to any depth [1}. Previuus wtvr‘k, bath HIDUrPLiDBl [2,3] and

experimental (4) tended tn eeneentrate en llqulds, where uemplleetinns due tn

sheer generation did not arise.

Ihe mark to be presented here extends the study at laser generated ultmeemm
in metals and concentrates princiually on aluminium. 3le. lungitudinal arul
shear pulse generation have hsen nxanlinnd [war a wide rungs [VF inuident lasur

Duwar densities and with Vuriuus nmdifinatinns tn the metal Eur-Fans. Twu

prlnelpel generation mechanisms have been ldentltled: at Jun laser power
densities, tivnrmumachsninal mechanlsms npnr‘atn, while at pnwm‘ densities

sufficient to cause plasma Forwntlun. additjflnal mechanisms due tn memenfum
transfer bet-one impnrtant.

GENEfiATIDN 1“ FREE HE {AL SURFACES

A D’switched Nd:YAG laser was used. capable ef

supplying 17ns halfrwidth pulses at up tn Dan} in
energy; its' wavelength of uperatlen, l.UBum, was in
the nraar infrared. iner densities e1" mmr lllBHcm'Z
DDuld he achieved al the metal surfacel allllwlllg Lhn

study at ultresnhic generation in the plesnm regime.

In a typical experiment, Lhe laser pulse was lncldent
narmally Dnta one Face uf a parallel’sidsd matal

specimen. enteetiun er the acoustic pu1ses was
accomplished on the sample's far side with a range uf

plaznelflntrin cal-6min transducers. Bath lungitudinal

(l-lDMHzl and shear ldflHz] transducers were used and
thelr nutputs were displayed an an oscilloscope which
was Ll'jggnrnrj hy LIIB laser pulse Via a beam splitter

and phutudiuds.

 

Fng Typical

rmtalueu rmm hath luhglLudlu-al and ".hnur transducers. oscilloscope traces
when an UnanuSPd dumJ lflsnr pulse was lnuldnnL en a

Flgu. lln) and [h] shuw typical nsulllusuupe trenes.
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free aluminium sur‘FacH. In this case the resultant laser power density at the

surface was insufficient to produce a plasma. The trace from the 4i'IHz shear

transducer [Fig. llall contained. in general. a single shear pulse which arrived

at the transducer at a time t n x/c5 after the trigger pulse. x being the thick-

ness of the sample and as the shear velocity. _Slgnais from longitudinal trans»

ducers (Fig. l[hll indicated fiection of both longilfildinal and shear pulses. the

longitudinal pulse arriving before the shear at t = x/cl. at being the lunitus

dinal velncjty. The fact that shear pulses were easily detected by longitudinal

transducers suggested that the acoustic source created by the thennomechanical

mechanisms contained a large shear component.

The amplitudes of longitudinal and shear pulses were found to be proportional to

the incident laser power density. provided a plasma was not formed at the free

metal surface. At higher power densities. such that a plasma was formed. a II'DI‘B

complicated relationship was obervsd as shown in Fig. 2. In the case of the

longitudinal pulse. Fig. Zia]. a substantial enhancement in generation efficiency

was seenonce the power density was sufficient to form a plasma. This enhance-

ment was not shared my the shear pulse, Fig. Zlbl. which suffered a decrease in

generation efficiency on the formation of a plasma. A maximum in shear

amplitude was seen at a certain power density. increasing the power density

Further caused a decrease in shear generation efficiency. Some subsequent

sliglll. increase in shear pulse amplitude was seen at very high laser power

densities Eabflvu ioflvcm’ZJ.
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Fig.2

The oscilloscope traue presented in Fig. l[cl illustrates the phenomena observed

in the plasma regime. The amplitude of the longitudinal pulse has been enhanced

hy the presence of the plasma to a much greater degree than that of the shear

pulse. Comparison with Fig. 1m] indicates that the amplitude of the detected

shear pulse is now negligible when compared with that of the longitudinal pulse

and that a clear longitudinal reflection is evident.
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PRELIMINARY DISCUSSION

In the non-plasma regima. the generation mechanisms are thermomechanical in
nature. 1h incident laser pulse is absorbed rapidly in direction normal to

the Free metal surface. A thermal gradient into the metal is then estahlished
over a distance dependent on several factors as described in detail by Ready (5].
In addition to this normal thermal gradient. a lateral gradient will be caused

to exist parallel to the metal surface, due to the discontinuity at the edge of

the laser beam. The resultant acoustic source will he in the shape of a thin

disc. the width of the laser beam being much greater than the effective depth

of penetration of the normal thermal gradient.

The thermal gradients create strains in the metal. launching the acoustic pulses.
It appears that both gradients play a part in the generation process. but we have

found experimentally that the lateral thermal gradient is a major shear source.

In the plasma regime additional mechanisms operate. Consider first the enhance-

ment of the longitudinal pulse on the formation of a plasma: this is due to

momentum transfer to the solid from both ablation of material from the target.
and expansion of the plasma away from the surface. The lack of significant

enhancement of the shear pulse in the plasma regime indicates that momentum

effects are not a major shear generation mechanism; further, the observed
efficiency decrease is evidence of plasma shielding effects. T’lnlnentum transfer
would tend to mask plasma shielding effects in the case of the longitudinal

pulse.

MODIFICATIONS TO THE METAL SURFACE

The results so for have been restricted tn generation at free metal surfaces.
Several workers [6.7! have indicated that modifications to the surface may provide
an enhancement of the generation efficiency. Modifications include the
application of various coatings and the use of constraining layers. The 'cited
authors. however. did not distinguish between longitudinal and shear pulses: we

have thuscarried out an independent study which examines both acoustic modes.

Coatings provide enhancement by two mechanisms. Firstly. they may increase the
total laser energy absorbed. by reducing the effective reflectivity of the
surface (a polished aluminium surface reflects approximately 90>. of an incident
LUGum laser pulse). Secondly. they may enhance the longitudinal pulse in
particular by their greater tendency for ablation or evaporation, especially at
higher laser pmer densities.

Constraining layers. e.g. a glass slide cemented rigidly to the metal surface.

again provide enhancement by two main mechanisms. the most important one being
the imposition of a rigid boundary at the metal surface. At an unmodified free
boundary. the resultant stress must he zero and displacements are allowed: how
ever. at a constrained boundary. displacements are restricted and stresses are

allowed to build up. The result is that greater strains are caused to exist in
the constrained surface case for s given thermal gradient into the metal. The
second mode of enhancement is plasma confinement at highor laser power densities.
The plasma fanned at the metal surface is confined to within a limited distance
of the surface by the applied layer. increasing the momentum transfer to the
surface.
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Fig. 3 illustrates. in graphical form. to what extent various modifications

were found to enhance the generation pracess. Consider first the longitudinal

pulse. in the non—plasma regime [Fig. Slel. both a constraining lever and

various coatings provided enhancmnent as expected. with an Increase over free

surface signals epprnaching ands. At higher laser power densities. such that

a plasma was fanned. these enheneanents tended to be reduced somewhat (Fig. BlhlL

Enhancement of the shear pulse generation efficiency was found to he most

effectively produced by a constraining layer over the range or power densities

examined (Figs. 3(a) and (d1). Ihe eFfect of coatings was minimal in the non"

plasma regime. Fig. ale]. and a decrease in shear generation efficiency was

observed when an oil covering was used. On the fonnation of a plafima. Fig.3[dh

coatings were Found to provide an enhancement. but not to the same degree as the

constraining layer.
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