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ABSTRACT 
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1. Introduction 

The accurate charac t e r i z . i t ion of ma te r i a ! behavior 
for use in computer models and ca l cu l a t i ons i s 
con t inua l ly required for the design of safe and 
e f f i c i e n t s t r u c t u r e s and machine components. 
Frequent ly , new m a t e r i a l s or unique app l i ca t ions 
requ i re measurements of material p rope r t i e s wiere 
conventional methods are unsu i t ab le . In t h i s work, 
an experimental technique i s described which allows 
loading of a specimen and the recording of i t s 
dynamic response without physical contac t with the 
specimen. The t r a n s i e n t load i s appl ied by rapid 
energy deposi t ion from a Q-pulsed, high energy 
l a s e r . The rapid hea t ing produces vapor iza t ion of 
the surface skin and the r e s u l t i n g blowoff dr ives a 
compressive s t r e s s pulse into the m a t e r i a l . S t ress 
wave a r r i v a l s a re monitored using a dynamic 
displacement in te r fe rometer . 

In a number of s i t i t t i o n s t h i s technique has 
d i s t i n c t advantages over the commonly used 
u l t r a s o n i c methods. The laser loading produces a 
large s t r e s s pulse amplitude of short duration so 
t h a t t e s t s of h ighly a t t enua t ing or very th in 
ma te r i a l s are p o s s i b l e . The short measurement time 
of a few microseconds or less can be made at a 
p r e c i s e ins tant in t ime. The noncontact feature is 
e s p e c i a l l y useful for t e s t i n g in severe 
environments and with toxic m a t e r i a l s . There are 
few r e s t r i c t i o n s on specimen s i ze and config­
u ra t i on and the specimen can be far removed from 
the instrumentat ion hardware. In a d d i t i o n , t e s t s 
have shown that f l a t and specular surfaces are 
often not necessary for adequate interferometry 
measurements. 

2 . Specimen Loading by Loser Energy Deposition 

The po ten t ia l for generat ing s t r e s s waves in 
ma te r i a l s by laser energy deposi t ion has been 
recognized since the ear ly s i x t i e s following the 
invent ion of the pulsed ruby laser in 1960. Ready 
[ i j gave one of the f i r s t t reatments descr ib ing tl.e 
e f f e c t s of normal mode and Q-switchcd laser pulses 
absorbed at opaque su r f aces . In the l a t e s i x t i e s , 
Percival [2] conducted a study of l a s e r generated 
s t r e s s waves in an absorbing rod and used 
Pochhammer-Chrec theory to descr ibe the dynamic 
s t r e s s reponse. This approach was used to 
determine the e l a s t i c cons tants of rod specimens a t 
e levated temperatures using a sandwiched 

U&XSWUiiua a t .LiUS iiiiCULUiU. iii UiiLT-iia 

http://teriz.it


p i e z o e l e c t r i c tourmaline c rys t a l fjj . Skcen and 
a s s o c i a t e s [4] used quar tz s t r e s s gages to record 
S t r e s s pulse amplitudes created by the rapidly 
expanding plasma. A following study [!>J explored 
Che l a rge p l a s t i c deformation of th in p la tes 
subjected to laser loading with the plasma confined 
by a surface over lay. Laser induced s t r e s s pulses 
with r i s e times of less than 1 ns and 
half-ampli tude dura t ions of 3 ns have been produced 
with a 3-pS pulsed laser [$7 . More r ecen t ly , 
Krehl , Schwirzke, and Cooper [ 7 j have made 
measurements to show plasma momentum from aluminum 
t a r g e t s to be in reasonably good agreement with the 
measured t a rge t impulse obtained from quar tz gage 
da ta , Fairand and coworkers have conducted several 
s t ud i e s f8,9,10J r e l a t e d to increased lasur 
generated s t r e s s amplitudes by using stirf.icu 
ovcrlayfi. They produced extens ive p l a s t i c flow at 
the surface of an i r o n - s i l i c o n a l loy specimen but 
tound the S t ress amplitude decayed rap id ly as i t 
progressed into the i n t e r i o r . An extensive 
coverage of work done up to 1971 on mater ia l 
response to high power l a se r s is given by Ready. 
en] 
Much ef for t i s c u r r e n t l y being expended in 
l a se r -ma te r i a l i n t e r a c t i o n s tudies ranging from 
metal sc r ib ing a t low energy to laser fusion at 
u l t r a high energy. At moderate laser-energy 
l e v e l s , s t r e s s pulse amplitudes on the order of the 
yield s t r e s s of metals can be reached. Such s t r e s s 
waves are induced by at l e a s t two mechanisms, and 
depending on the opaci ty of the mater ia l t o the 
laser vavelengh used, one mechanism or the other 
may predominate. In the f i r s t , the rapid 
depos i t ion of laser energy into an absorbing 
mate r ia l produces a s t a t e of unbalanced, 
compressive thermal s t r e s s as the heated material 
wants t o expand but i s r e s t r a ined i n i t i a l l y by i t s 
own i n e r t i a . This s t r e s s gradient propagates into 
the ma te r i a l and i s immediately followed with a 
t e n s i l e t a i l a r i s i n g from the front surface 
r e f l e c t i o n . See, for example, Ref. 12. 

In the second mechanism, an opaque t a rge t surface 
i s r ap id ly vaporized by the high energy laser 
pu l se , and the reco i l from blowoff of the vapor 
causes a Strong, t r a n s i e n t pressure bui td-up. The 
pressure on the t a r g e t 6urfdce induces a 
compressive Stress pulse that propagates through 
Che m a t e r i a l . This mechanism is i l l u s t r a t e d in 
Fig. 1 which shows the laser generated plasma 
blowoff from a 6.35-mm-thick aluminum disk 
subjected to laser deposi t ion from a 
neodymium-glass laser pu lse of about 12 J and 30 ns 
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act inn on a 22-n.'.-dia. a r ea . 

Thr* second mecbani sm does produce some surface 
damage but in most casus i t is undetectable except 
for a s l i g h t l y scorched appearance of the surface . 
Ihe r e s u l t s of l o j e r deposi t ion on a 25-mm-diam 
aluminum disk at th ree energy d e n s i t i e s are shown 
in the upper lef t of F ig . 2. The disk surface was 
f i r s t prepared with 400 g r i t sandpaper to provide a 
reasonably uniforr surfece roughness. Then the 
surface was expose*.' t o \.0t/am laser pulses of (A) 
b J and (B) 12 J ov. - a 10-mm-diam a rea , and ^C) 12 
J focused to about 1 mm diameter. The l a t t e r 
produced a c l ea r ly evident c ra te r in the surface. 
Scanning e lec t ron mic.oscopy views of the o r ig ina l 
and exposed surface (B) are shown a t 1000X. The 
vapor iza t ion and melt ing of the r idge peaks jr> 
evident in the upper r i g h t view of Fig. 2 . 

Measurements of a c t u a l mater ia l mass removed by 
U s e r deposi t ion were taken for three samples each 
of four metals and the average surface depth 
removed c a U u t a t c d . The laser energy used was 12 J 
at 1,06/im and 30 ns over a spot about 10 mm in 
d i a n e t e r . The r e s u l t s , tabulated in Table 1, show 
the ac tua l depth removed Co be extremely smal l . 

Surface over lays , such as highly absorbing black 
p a i n t or a t ransparent sheet of s l i d e g l a s s , have 
bean known to g rea t ly e f fec t the amplitude and 
dura t ion of the a t r eus pulse induced in the 
specimen. In cases where the overlay i s highly 
adsorbing, a larger percentage of the laser energy 
16 absorbed c rea t ing a grea te r blowoff p ressure . 
When a t ransparent over lay (tamper} i s used, the 
laser energy is absorbed at the specimen surface 
and the confined plasma produces a much higher 
p r e s s u r e . The e f fec t was explored by conducting 
laser deposi t ion t e s t s on a 6.35-mm-thick aluminum 
disk specimen with the following surface condi t ions : 

1) bare and cleaned by previous sho t s , 
2) blacked with a f e l t t i p pen, 
3) tampered with cellophane t ape , 
/») blacked and tampered with t ape . 

Laser depos i t ion from a Q-pulsed neodymiurn-glass 
laser operat ing with a 12 J and 30 ns pulse 
dura t ion was spread approximately uni formly over an 
area of 22 mm diam in each case. S t r e s s a r r i v a l at 
the back face was monitored with an 
acoust ical ly-matched quar tz transducer with a 
JO-mm-diam guard r ing using th- technique described 
by Graham. [l3] This one-dimensional s t r a i n 
experiment permitted recording of the complete 
laser induced compressive pulse before edge e f fec t s 
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inva l ida ted the quar tz transducer ou tpu t . 

S t r e s s p ro f i l e r e s u l t s foi- the four surface 
condi t ions are compared in Fig. 3 . While blacking 
the surface nearly doubled the peak s t r e s s of the 
bare sur face , the taped overlay produced a 
t en- t imes increase, in s t r e s s ampli tude. Aa 
expected, the maximum s t r e s s of ..bout 157 MPa was 
achieved with Che combined blacked and taped 
su r face . The half-ampli tude s t r e s s pulse duration 
decreased from 240 ns for the bare surface t o 95 ns 
for the blacked and taped condi t ion. Rise time was 
about 45 ns in a l l c a s e s . Ea r l i e r work £ l * J has 
shown the t ransparen t cellophane tape to be as 
e f f ec t i ve in enhancing the s t r e s s amplitude as more 
massive and ICSP convenient t ransparent overlays of 
q u a r t ! , epoxy, and s l i d e g lass . Poss ib ly the 
adhesive backing has a s ign i f i can t inf luence on the 
p ieesurc developed. 

3 . Specimen Response By Laser Interferometry 

Most work, with laser deposi t ion loading has been 
recorded using p i e z o e l e c t r i c quartz t ransducers . 
These devices are very s e n s i t i v e , have high 
frequency response, and in the case of 
one-dimensional s t r a i n or s t r e s s experiments, can 
provide accurate s t r e s s - t i m e data . However, there 
are several obvious l imitat ion!; to t h e i r use in 
genera l . F i r s t , the specimen must have f l a t 
surfaces to permit d i r e c t contact and good coupling 
with the t ransducer . Second, specimen s i ze 
l im i t a t i ons are governed t»y the t rensducer s i ze and 
poss ib le overlapping of the o r ig ina l and echo 
s t r e s s e s in the specimen. Third, in general the 
t ransducer is not acous t i ca l l y matched to the 
specimen material r equ i r ing cor rec t ions t o be made 
in the data to obtain accurate s t r e s s information. 
F i n a l l y , these t ransducers do not survive well in 
severe environments and t h e i r p i e z o e l e c t r i c 
cha rac t e r disappears a t high temperatures . 

These l imi t a t ions a re overcome and completely 
noncontact t e s t i n g made possible by using a 
Michel son displacement interferometer to sense the 
Gtrcss wave a r r i v a l s a t the back face of the 
specimen. Although the normal s t r e s s of the free 
surface i s always ze ro , the displacement and 
v e l o c i t y ore nonzero a t the time the s t r e s s pulse 
i s r e f l e c t i n g from the back face. The specimen 
surface becomes the moving mirror of the 
in te r fe rometer . When l i g h t r e f l ec t ed from the 
specimen surface i s recomblned with l i gh t from the 
reference mirror , a s e r i e s of l igh t and dark bands 
or fr inges are produced. Surface motion of the 
specimen causes f r inge movement which can be 
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monitored by a photodector . 

A schematic ol the in te r fe rometr ic arrangement used 
is shown in F I R . 4 and is s imilar to chat de-scribed 
by Barker and Hoilenbach, f15j The output from a 
s ing le frequency. Spectra Physic» model 164 
argon-ion l ase r , operated at a wavelength of 0.5145 

/(in, is di rected to a beam s p l i t t e r pos i t ioned at 45 
degrees ro the beam. The specimen and reference 
mir ror , placed perpendicular to each other and 
equ id i s t an t from the beam s p l i t t e r , r e f l e c t the 
s p l i t beams back to the beam s p l i t t e r where they 
are recumbined to from j pa t te rn of concen t r i c , 
c i r c u l a r f r inges . The fringe p a t t e r n can be 
observed during setup by placing a screen at the 
photodetec cor. 

The photodetector i s an RCA model 7326 ten-s tage 
photomul t ip l ier tubt and associa ted c i r c u i t r y . The 
c i r c u i t is designed to provide up to 10 V of 
l inea r output from the photomul t ip l ie r tube. The 
tube is in an "off" mode when the high vol tage i s 
on u n t i l a turn-on t r i g g e r s igna l of 25 V i s 
app l i ed . This fea ture permits operat ion with the 
high ambient l igh t level present and provides much 
higher s e n s i t i v i t y a t the moment the des i red signal 
occurs . 

The fringe pa t te rn is enlarged with an expanding 
lens so that the photodetec tor , equipped with a 
0.7-nm-diatn apera tu re , senses only one fr inge a t a 
time a t the cen te r of the bu l l s - eye p a t t e r n . 
Movement of the free surface a d i s t ance equal to 
one-half the wavelength nf the laser ( ? /2 ) causes 
the center of Che concentr ic fr inge pa t te rn Co 
change from l igh t t o dark to l i g h t . Thus, the 
de tec tor output i s a frequency modulated sine va- ? 
with each success ive peak represent ing an 
add i t i ona l surface displacement of >I2. This i s 
i 1 l u s t r a t e d by the simulated t r a c e in Fig. k 
showing the photomul t ip l ie r c i r c u i t curn-on a t (1) 
to a d-c vol tage level represen t ing the fr inge 
pos i t i on a t tha t i n s t an t of t ime. Specimen 
movement causes a s i n e wa^e type output beginning 
at (2) with each complete cycle represent ing a 
specimen back surface displacement of 0.2572^Mm. 
For perfect fringe c o n t r a s t , the va l l eys of the 
output would re tu rn t o the zero vo l t age level at 
(1) indica t ing complete l igh t exCinction. In cases 
whert> the specimen surface i s not a good mirror 
t h i s desired condi t ion i s d i f f i c u l t to achieve. In 
thusc cases fringe con t r a s t can be improved by 
focusing the specimen beam to a point on the 
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specimen surface and us ing a neu t ra l dens i ty f i l t e r 
in the reference leg to equal ize i n t e n s i t i e s of the 
rccombined beams. A 0.5145^*11) spike f i l t e r i s 
p lacid in front of the photoraul t ipl ier tube 
aper tu re to f i l t e r out unwanted pulsed l i g h t from 
the high energy l a s e r , f lash tube, and laser 
generated plasma. 

4 . Noncontact Test.inn Arrangement 

The combination of pulsed U s e r energy depos i t ion 
for specimen loading and laser displacement 
i n t e r f e rone t ry for measuring specimen response 
provides a unique setup for noncontsct t e s t i n g of 
ma t e r i a l s in a number of s i t u a t i o n s which would be 
impossible or very d i f f i c u l t using mure 
conventional approaches. A schematic of the 
noncontact t e s t arrangement ie shown in F ig . 5 . 
Specimen loading i s accomplished by laser 
deposi t ion on the specimen surface from a 
Q-switchcd Holobearn s e r i e s 6D82 neodymium-glass 
l a se r a t energies up to 15 J . Half-amplitude pulse 
dura t ion i s typ ica l ly about 20-30 ns , A s l i d e 
g lass beam s p l i t c e r i s used to d i r e c t a small 
por t ion of the input beam to a O.S-ns-r ise t ime 
Monsanto s i l i con pin photodiode model MD2. The 
output of the photodiode c i r c u i t , about 10 V, i s 
used to t r i g g e r the osc i l loscope ti<ae base or a 
d i g i t a l delay plug-in u n i t which t r i g g e r s the t r ace 
a f t e r a prneot timo delay . Signals were recorded 
on a Tektronix 7904 osc i l loscope using a 7A19 
plug- in amplif ier and a 7B92A dual time base 
r e s u l t i n g in a 500 MHz bandwidth c a p a b i l i t y . A 15 
mW Spectra Physics model 124 heliutn-neon l a s e r i s 
used for p rec i se alignment of the high energy laser 
and the specimen. The components of the 
in ter ferometer arc as descr ibed in the previous 
sec t ion with the exception that in some e a r l i e r 
app l i ca t i ons the helium-neon alignment l a se r was 
used in place of the are m-ion l a s e r . This 
p a r t i c u l a r model i s not si"<>.e frequency and more 
than one ax ia l mode may be generated. This causes 
the laser output beam t o be amplitude modulated a t 
the beat frequencies of the ac t ive ax ia l modes and 
r e s u l t s in "noisy" data t r a c e s . 

In experiments requi r ing accurate measurement of 
s t r e s s wave t r a n s i t time through the specimen, 
where the t r a n s i t time may be only a few hundred 
nanoseconds, inherent delays in the scope 
t r i g g e r i n g and v e r t i c a l input ampl i f ier , t r a n s i t 
time through the photomul t ip l ier tube, e l e c t r i c a l 
and o p t i c a l path t r a v e l time, and e f fec t ive 
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i n i t i a t i o n time of the s t r e s s pulse must be known 
or excluded from a f fec t ing the da ta . The time of 
i n i t i a t i o n of the s t r e s s pulse was measured by 
using a th in p la te of high p u r i t y , oxygen-free 
copper of known d i l a t a t i u n a l ve loc i ty as the 
specimen in Fig. 5- A second s l i d e - g l a s s beam 
s p l i t t e r wot placed a t the high energy input to 
provide n f iduc ia l marker superposed on the 
photomult . p l i e r s igna l output from the 
in te r fe rometer . This procedure e l iminated a l l 
o ther timing cons idera t ions except the di f ference 
in o p t i c a l path lengths which could be e a s i l y 
determined. The op t ica l path from the f iducia l 
beam ; p l i t t e r to the photomulCiplier tube i s 0.46 m 
shor te r than the a i r path via the in te r ferometer , 
so the nigh energy laser pulse appears 1.5 ns ear ly 
o^ the osc i l loscope rec - rd shown in F ig . 6. The 
t r a r . i t time for the 0.91-mrn-thick specimen i s 192 
i.. jased on a d i l a t a t i o n s ! ve loc i ty of 4740 Q / S for 
high pur i ty copper, [ l b ] Therefore, the time of 
i n i t i a t i o n of the s t r e s s pulse is obtained by 
measuring back 190.S ns from the breakout of the 
in terferometer signal as shewn in Fig. 6. The time 
of s t r e s s i n i t i a t i o n was found to bo very c lose to 
the half-ampli tude point on the r i s e of the high 
energy laser pulse f i d u c i a l . The same conclusion 
was found, within i 5 ns , for s imi la r t e s t s on 
o ther meta l s . 

Using the noncontact t e s t arrangement, measurements 
of wa/e v e l o c i t i e s accura te to 1-22 a re poss ib l e . 
The scope sweep should be ca l ib ra t ed at the sweep 
r a t e used and co r r ec t i ons made for the various 
e l e c t r i c a l and op t i ca l delays occurr ing in the 
par t icu lar se tup. Transient d ; splaceraents can be 
determined to within a f rac t ion of a wavelength of 
the laser l ight used provided t i l t of the specimen 
surface is small . The determination of * C;SB from 
the displacement record would be considerably less 
accura te due to e r ro r s and d i f f i c u l t i e s inherent in 
d i f f e r e n t i a t i n g experimental da ta . Velocity 
in terferometry might be considered as an 
a l t e r n a t i v e , but i s somewhat l ess s e n s i t i v e . Also, 
a recent technique ca l led a "ve loc i ty 
in terferometer system for any r e f l e c t o r " (VISAR) 
f l 7 j would provide v e l o c i t y information d i r e c t l y as 
well as reduce the neces s i t y for a good surface 
mirror and small t i l t . 

5̂  Applications 

Several examples of poncontact t e s t i n g wi l l be 
b r i e f l y discussed Co i l l u s t r a t e the technique and 
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give insight to potential applications which might 
be more, conveniently done vith this approach. 

5.1 One-Dinensional Strain Experiment 

Laser loading of reasonably uniform intensity over 
a sufficiently large area of a disk specimen 
induces a one-dimensional strain pulse into the 
material. This strain pulse quickly deteriorates 
to a complex state due to unloading waves 
propagating inward from the edge of Che loading. 
Displacement intcrferometry on the bsck face of the 
specimen will indicate the arrival of the main 
disturbance, the arrival of i ts echo off the front 
face, and the deterioration of the one-dimensional 
strain state. Data records for two teats at 
different laser intensities are shovi) in Fig, 7 for 
a 53-ms-diam by 6.35-am-thick alurcirtun disk. The 
laser energy of 9 J was spread over a 19 me 
diameter in the first test and 50 tf"n diameter in 
the second. The expanded sweep in Fig. 7A 
indicates a pulse duration of about 100 na. The 
record of Fig. 7B shows the first arrival, the echo 
or one-round-trip reflection Z.O^UB later, and the 
edge effect appearing an additional 0-1 >** later. 
The decrease in laser fluence from 0.1 CO 0.015 
GW/cm reduced the back surface displacement by 
one-half. 

5.2 Measurement of Elastic Constants 

A longitudinal wave induced in one end of a rod 
will travel axially with grazing incidence to the 
rod lateral surface at the dilacational velocity 
with part of its energy continuously mode converted 
to shear waves. The shear wave travels at a slower 
velocity diagonally across the rod diameter to the 
opposite surface. There i t mode converts back to a 
shear wave reflecting back into the onterial and to 
a dilatational wave again propagating at gracing 
incidence to the rod. This process is continually 
repeated resulting in a successive train of pulses 
arriving at the for end of the fod, the first 
appearing at the dil&tational transit time with the 
following pulses delayed by a time felated to the 
rou diameter and shear wave velocity. The measured 
time of arrival of the first two puLs«a along with 
the specimen dimensions and mass density provide 
sufficient information to calculate the elastic 
constants of the isotropic material using a single 
test. [18] 

This ultrasonic test can be conducted using the 
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noncontact approach where the c<sffl.pr<£&s.i<jv.a\ py'.iie 
i s induced in one end of the rod by laswr energy 
depos i t ion and the s t r e s s wave a-r ivnlr , At the 
opposi te end sensed with the displacement 
in te r fe romete r . The n o n ' - r n e t fea ture is 
e s p e c i a l l y convenient for higi. temperature mater ia l 
p r o r ; r t y measurement with the add i t ion of a 
c;am3ht.'ll oven surrounding the specimen. £ l9 j An 
ac tua l osc i l loscope t r - < - showing the displacement 
response of a 6.35-mm- j y tOl-ura-long tantalum 
rod at 200 C is i l l u s t r a t e d in Fig. 6. The swsep 
was delayed Z3.5 ^u s and swept a t 500 ns per 
d iv i s ion - Tho a r r i v a l times of the d i l a t a t i o n a l 
and node converted s i g n a l s are c l ea r ly ind ica ted . 
The values of t and £ t lead d i rec t l y to the 
eva lua t ion of the wave v e l o c i t i e s and e l a s t i c 
cons tan t s of tantalum a t 200 C. 

5.3 Acoustic Velocity Measurement in Liquid Metal 
Column 

An isobflric expansion apparatus has been developed 
to measure various thermophysical p r o p e r t i e s of 
l iqu id metal i a t very high temperatures and 
p re s su re s . £20J In t h i s experiment, a specimen the 
diameter of a common paper c l i p (1 mm) and about 
25-mo long i s subjected to rapid r e s i s t a n c e heat ing 
by cur ren t dumped from a large capac i to r bank. 
Require4 measurements a re taken during an ins tan t a 
few microseconds a f t e r specimen melt but before 
i n s t a b i l i t y and breakup of the molten column takes 
plazit. An addi t iona l measurement of sound ve loc i ty 
across (he diameter of the specimen a t t h i s i n s t an t 
in time would permit a more complete evaluat ion of 
the thermodynamic s t a t e of the l iquid meta l . Such 
a measurement by t r a d i t i o n a l moans would be 
impossible . However, the noncontact approach i s 
i dea l ly suited for obta in ing t h i s information 
provided the l iquid metal remains su f f i c i en t ly 
r e f l e c t i v e for the in te r fe romet r i c measurements. 

The bauic setup of F ig . 5 was used with op t ica l 
cceie to the specimen through tapered sapphire 

windows posi t ioned in the pressure c e l l wall on 
opposi te s ides of the v e r t i c a l , l-mm-diam 
specimed- The high energy laser was focused to a 
spot about 0.2-mm-diam on the l a t e r a l surface ^f 
the specimen and, d i amet r i ca l ly oppos i t e , the 
in terferometer laser beam was focused. The 
specimen and anvil holder are shown in F ig . 9 with 
the high energy beam and generated plasma on the 
l e t t and the in terferometer laser beam on the r i g h t . 
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Lead specimens were se l ec t ed zo demonstrate the 
technique due to the r e l a t i v e l y low energy required 
to ob ta in mel t . Sonic v e l o c i t y measurements were 
f i r s t made on so l id lead rods and subsequently on 
lead r eds l i qu i f i ed by the high current pulse from 
a 20 kV capaci tor hank d ischarge . The s t r e s s 
t r a n s i t time measurement was made a few 
microseconds following mel t . Typical osc i l lo scope 
t races a re 6hown in P ig . 10 for the so l id and 
l iquid lead runs . As in the s t r e s s i n i t i a t i o n time 
measurement, Section 4 , the f iducia l marker i s 
simply a representa t ion of the timing of the high 
energy l a se r pu l se . The measured sonic ve loc i ty 
for the so l id specimen was reasonably c lose to an 
average value 2.21 mm£4s taken from Ref. [lbj. As 
would be expected, there was a considerable drop in 
ve loc i ty for the l iquid lead t e s t . The measured 
l iquid lead sound v e l o c i t y of 1.80 nm t̂fS agreed 
very well with a published value a t melt of 1.78 
mm£*s. £2lJ 

5.4 Flaw Detection 

As in conventional u l t r a s o n i c t e s t i n g , the 
noncontact approach can provide data on the 
presence and locat ion of flaws in the m a t e r i a l . To 
show t h i s , a l.S-mm-diam hole was d r i l l e d a t the 
• i d t h i c k n e s s of a 25-mm th ick aluminum p l a t e to 
provide an a r t i f i c i a l flaw as shown in F ig , 11. 
The in terferometer was s e t up using the unpolished, 
as r ece ived , back surface and a s t r e s s pu lse was 
induced by laser depos i t i on . The osc i l loscope 
t race c l e a r l y shows the a r r i v a l of the flaw induced 
echo as well as the f i r s t a r r i v a l and 
one- round- t r ip echo of the main pulse , 

6. Conclusions 

Noncontact mater ia l t e s t i n g using laser depos i t ion 
loading and displacement in terferometry can provide 
accurate mater ia l response da t a . The technique i s 
e s p e c i a l l y advantageous in s i t u a t i o n s where 
conventional methods are impossible or d i f f i c u l t to 
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Table 1. Weight of surface skin vaporized in l a s e r 
depos i t ion t e s t s of four meta l s . Neodymlun-glass 
l a s e r , Q-pulsed with i r r ad lance of 15 J / c m 2 . 

METAL AVG WT L05T AVG DEPTH REMOVED 

1018 S t ee l 5>*g 0.008 *m 
Aluminum 2 ^ g 0.010 /*m 
Tantalum 18 jtg O.Oln'jva 
Tiicltel 25/Og 0 .036 / r a 



FIGURE CAPTIONS 

Fig. 1. Plasma blowoff from 6-35-mm-thick aluminum d i sk . 
Putsti was 12 J , 30 ns from neodymium-glass l a s e r on 22-mo-diam 

Fig. 2. Effect of laser depos i t ion on aluminum. Laser energy 
densi ty was about A) 6 J/cm . Background was unexposed 
surface a t 1000X and upper r i g h t was area B a t 1000X. 

Fig . 3 . S t r e s s h i s t o r i e s for four surface cond i t ions . 

Fig. U. Displacement in terferometer arrangement with simulated 
photoraul t ipl ier output t r a c e . 

Fig. 5. Schematic of noncontact t e s t i n g arrangement using 
laser depos i t ion loading and displacement inccrferomctry. 

Fig. 6. Data t race for determining time of s t r e s s i n i t i a t i o n 
for 0.91 mm copper specimen. 

F ig . 7. One-dimensional s t r a i n data cor 53-mm-diam by 
6.53-am-Chick aluminum disk dt f luenccs of about A) 0.L 
GW/cm and B) 0.015 CW/cm . 

Fig. 8. Displacement response of 6.35-mm-diacD tantalum rod a t 
200 C and subjected to laser depos i t ion on one end. 

Fig. 9. Anvil mount and )—ns-diam specimen for l iquid metal 
t e s t with hifch enercy and interferometer laser beams ihnun. 

Fig. 10. Data for sound ve loc i ty measurement across the 
diameter of the A) so l id lead and B) l iquid lead specimens. 

Fig. 11. Flaw detect ion using noncontact t e s t i n g . 
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