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ABSIRAEI
It has been demonstrated that the interaction or U-switchcd. Nd:VN5 laser

pulsBE with freemetal surfaces generates both Rayleigha and Fast-surface waves.
Using conventional ultrasonic probes milde from F’ZI ceramic. surface waves were
detected at laser energies below the threshold For visible damage aF LEI'gEtS.
A technique ie presented for generating directional beams of ultrasunlu
Rayleigh wave puleee.

INTRCUJETIGN

Recent investigations 11.?) have demonstrated that Rayleigh waves may he

generated when IJ-switched laser pulses interact with the surface er 501m

targets. lmuever. elther laser pulses that damage the targetq uere uquu [1)
or thin layers were applied to the target surfaces (2). In contrast, we wish
to report that both Rayleigh and fast surface waves can he laanegenuratnd at
free metal surfaces without incurring any Visible damage of the targets. In
anticipation of applications in nun-destructive teetlng. we have aleudeveiuped
a technique For the contactless generation of comparatively powerful. dire-ctr

ianal beams of ultrasonic Rayleigh wave pulses.

EXPERIMENT

'|he thYAG laser used in this investigation. delivered on to BUnIJ in a mulLi-

mode Q-ewitchad pulse of flflns half-width duration. Surface waves were detect-

ed with two dlfFerent probes both made From [’21 ceramic. Une probe (a

coumarcieiiy madewedge type! was heavily danped and eensitive to a range uF

frequencies From In to Sfliz. [he other probe [B :5th U? longitudinally

polarised FZT held at 45“ to target edges] was highly reennent and operated
over a very limited frequency range centred at 3"”2-

Laser-generated Rayleigh wave pulses were detected on aluminium. brass and

steel targets. DrI aluminium surfaces. For instance, an UVITHLILIBBd 1an lr‘loor

pulse produced signals oF up to 31W paak-Ln-peak from the wedge protm placed

5cm From Eng irradiated area. This corresponded to a leenr energy density ol'

5 x 105mm, which is to be compared with on experimnntally derived Value Of
2 x lfl7wcm'2 for the threshold of laser-induch target damage. Use of the

wedge prflherevealed that the Rayleigh pulses were dlpulur ln nature as
illustrated in Figure 1. The upper trace was uhtaineu by inserting a circular
step into the laser beam allowing only the central D-Hlllfl diameter portion

through! ths IDHEI' trace was obtained with d 2.0"!“ diameter stop. A Compar-

ison of the tau traces indicates the duration BF Itlln plllfills I!) slml lar to the

time a Rayleigh wave would take to traverse the irradiated area. Thrl source

a? flflylaieh waves can. therefore. he assoclaLed with the edges of the irrarl-

inter) area but not the centre.

Fast surface waves have been generated previauhly with conventional techniques

(3}. We now report such generation using laser pulses. Fast surface wave
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FIR-IRE 2: FAST SURFACE WAVE PULSE IlEF‘lI

ARRIVING BEFORE THE STRONL-ER

RAYLEIDH PULSE IRISH”, GEIIERATED

BY 20m] LASER PULSE 0N ALUMINIUM
'IMIEEI. TIME SCALE:0§.S I DIVISION‘

FIGURE L'RANEIGN WAVE PULSES 0N ALWIN‘IUM

TARGET. ENDAUENING WITH DIAMETER

0F LASER BEAM ISEE TEXTI. TIME
SCALE.“ B35 A DIVISION.

pulses were detected mm the edge probe (see Figure 2] and arrived Before the

sluwfll" but stronger Rayleigh wave pulses [fast surface waved propagate at the

longitudinal hulk wave velocity £3], having no shear cmnponentel. As the

distance between the irradiated area and probe was increaeed. the fat waves

arrived Drumrtiunately latenthm confirming the algllalu were acoustic: in

origin. Ihe velocity of the fast waves on aluminium surfaces wee estimated as

ElDDtSDUIne’I. Compared with an eccuptad value M] of 5374ms'1 for longitudinal

hulk nevus.

Line euurcee of Rayleigh wave pulses have been generated by Focusing laser

pulses unto free metal surfaces with a cylindrical lens. This resulted in the

preferential propagation of the higlrfrequency components of the Rayleigh wave

pulses in directions normal to the line. More precisely. the directional

characteristics: of individual frequency components of the Rayleigh wave pulse

were wnll deecrihed by the following exproesion (adapted from the theory or

emission of continuous. single frequency acoustic waves propagating from a line

source into an infinite. lwnugsnenus medium [5]]:

   

a1nt""‘)alnu1
C

Ru : nln
l—Iejnuc

where no = ratio of the amplitude of a frequency component for an angle a to

the directiun u = D being noimal to the
that for an angle a = I].

line.

velocity of Rayleigh waves on the target material.

length uf line nuume.

frequency or component...

c
I!

n

M

were determined experimentally for those frequency components
Values uF Ru

lhe laser pulses were Fucue-
Felllng into the narrow range of the edge probe.
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Ed at the centre a? an an!) face of a
cylindrical sample. as illustrated
in Figure 3| the end face lw1th edge
ul‘uha fixed to it] was then rutath
abnut its centre with the numal to
the eurFace defining the tactic axis

of the laser system, A typical

dlrectivity pattarn is depicted in
Figure 4. In the direction of
maximum urupagatiun. aignala of up Emma“ pus“
tn JSDIIV peakitoipeak Hera

prouuced frum tha edge umhn at

laser energies halal-I ths damage
thrushnld. In Fact. the ‘ HEIAL
amplitude ur the beam was: '
sufficiently largg to produce ‘

a lung train uf Signals from the
edge prube. currespnndlng to I
multiple- raflactlnns from r

diametrically uupuslte unlnts nn FIGURE} APPARATUS FDR DEIERMINATIEN nr magma-in

    

le'l. D-SWIYCHED.
Ndmfi LASER PLLSE

\:

CVLIWICAL
GLASS LBS

3M“: FZT
EDGE PfiflflE

Plvnv

_ mrsms OF LINE—SGURCES or mums:ths SHEER "T '1'“? irrfifiifiLBd mas UENEHAIED av LASER-Immnmlora
surface as shown in Figure 5.

I I
I I

Ru? R-I.=D.5 ‘ Flu-0,5 "in

 

“SHELDWECTIVITY PAI'I'ERN FOR LINE-SOURCE OF RAVLEIGH PULSES LASER-GENERAIED A1 FREE
AlUMlNlUM SURFACEJHEURETICAL CLIWE NOMALISED 10 EKFERIMEN'AL PfllNT A? '4 - 0'

{L x l..5mm_ C age-ems”. n= 3MHxJ

Alan in agrament with tha ahuva exprnsalnn. experiments showed that the
directiunal width of the Rayleigh beama broadened an the length uf the lirm
snurce was shurtened. Further. line snul‘ces of a given length produced narmw-
ar beams an bras-.3 targets than thuan of aluminium DI" mild stuul as the wave
Valnnitv in tween 15 slower. ills dlractlunnl clrarantnrlstlcs were ruund tn hp.
independant uF laser energy belt-w tlla damage threshold.

It is anticipated that this trrchnlque wlll be of use in the remote umr-leeruc-
tiv? luaatiunu‘F surfacn Haws,
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