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ARSTRACT

Ruby laser-pulse interaction wain Tt and Cu using freg-generated and 0 gwitch mode undes
atmospheric pressure and vacuum kas besn applied. Laser pulsing in the case of Tt was 5 ms
and 30 ns. In the case of Cu laser pulse duraticn of 30 ns was canstant in all condifons.
Previous optical microscopic analysis of develope damage in Cu was revicwsad in greater
detail using scanning electron-microscopy Various types and sizes of damages in Cu have
baen defined. both wnder armosaheric presswe ad vacuum Damages in the investigated
material appeared to be of irregular erater-like shape Diflerences n crater size and shape
from Ti - laser-pulse mtgractions have been obeerved Resulting crater Sluctures. shapes and
sizes under atmosphenc prossure and vasuwm wene compared using the same laser-pulse
duration perod of 30 ns. Lcerpretation of the nteraction oy in the serse of expressing coef
fcient of refection, refacting iwdex tor given wavelength, conductance, and zpecific heat
would be of great signifcance. Maler charactenstics in the course of developing interactian
are critical levels of laser beam power density lor melting and evaporabion.

INTRODUCTION

Theoretcal basis

Wide use af titamiom and its allovs s mainly beeause of ther favourable characteristics, like
lower density. mgh specific strengts and strong resisance 1o SToS00N. In case of copper and
itz allays, the importanes 15 o7 its high conductivity.

Dusing tke last fow vears much atieation has been payed to testing and developing these
materials owing 1a the nead for exact microstrucmml analyses thal tollow trensformations in
materials (hat usually appear uncer ditferem types of implemented technologes. Especially
under aser trentmert, considerable beating snd cooling retes appear whether or not welding,
cutting, thermal creatment ar drilling is apphed. Whenever some ol these treatments are
applied, structural and phase zanstormanans ool vncer conditions of super-fast laser
heating and cooting 1t is well known, Rykalin et al [1985), Girigoranc et al (1988), that oo
locition of laser beam vomact with metal susface, under zirmmstancas of poor reflection,
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large ammount of heat is released in a short time, inducing the heat rate of several million
degrees per second. After interacting with the beam, the instantaneously heated segment is
surrounded by cold metal, thus providing fast cooling.

It is assgmed that, Krylow et al (1978), separation caused by evaporation of material from the
surface initiates increase in dislocation density. It is also evident, Backovi¢ (1993), that a
shock wave travelling through intrinsic material layers causes plastic deformation.

This type of experiments involves interactions of importance in the sense of expressing reflec-
tion coefficients, transparency, refracting index for given wavelength, conductivity and speci-
fic heat. A particular aspect is given for determining conditions of cracking in the material
under d_eﬁned laser radiation energy state and duration, whereby crack length is given by the
expression:

L = (BE,T’/(1-2E,) o, r(t) Q)
and tangential stress,
0. = (BE,T'/3(1-2E,) r(t) p (2)

where, 3 is the coefticient of linear volume expansion, Ey Young's modulus, T’ transformation
temperature in region of melting front, r(t) crater, E, - Poisson's ratio, p - density of material

As major parameters considering the expected . interaction, the following specific values
should be defined:

(1) = 0.885.T,va-c 3)
q:(2) = 0.885.T.-a.0 (4)

where, q.(1) and qc(2) represent critical power density levels of laser radiation for melting and
evaporation of material, respectively, s duration of laser impulse, a = A/pc - thermal conducti-
vity, ¢ specific heat

EXPERIMENTAL RESULTS

Ruby laser interaction has been investicated for titanium and copper under atmospheric
pressure and vacuum. Laser pulse durations in the case of titanium were 5 ms and 30 ns. In
the case of copper durations were always 30 ns. Energy levels for titanium were approxi-
mately 3 J for interactions in vacuum and air. Energy levels used for copper were the same for
vacuum conditions. Energy values per impulse for copper, under atmospheric pressure, were
inthe range 0.1 - 2.6 J.

Material damages were analyzed by optical microscope and in more detail by scanning elec-
tron microscopy, as shown in Fig.1 - 12. Figures 13 - 1S represent acoustic recordings for
specified distances from target (titanium and copper).

RESULTS AND DISCUSSION

Figure 1 shows circular shaped damage in titanium under atmospheric pressure, with diameter
d = 3.45 mm. A laterally developing crack of length | = 1 85 mm is also visible.
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In Fig.3 a damage in titanium caused by laser beam interaction in vacuum is mainly circular.
Diameter value is aproximately d = 1.73 mm, indentation depth is not great with edges having
both minor and major deformations. A structure not uniformly deformed is shown in Fig.4.

Damage in titanium is shown in Fig.5, also for vacuum,in which case the diameter is 1.68 mm.
This case is characterized by larger indentation depth compared to that in Fig.3. A new struc-
tural state has been developed, which is clearly depicted on Fig.6.

Damage in copper, shown in Fig.7. is induced under atmospheric pressure, being also of
circular shape, aproximately d = 1.79 mm in diameter, and energy E = 0.2 J. In Fig.8 are
shown damages in copper, one next to the other, created also under atmospheric pressure, but
with energies E = 2.6 J. An approxirate diameter value is d ~ 2.7 mm. Figure 9 shows a
structure of damaged surface within the central area, and in Fig.10, edges of damages created
with energy E = 0.2 J are shown.

Structures in edges of vacuum induced damages in copper are shown in Fig.11 and 12.
Acoustic recordings in the frequency and time domain for samples of defined geometry are
shown in Fig 13, 14, 15 for both Ti and Cu

Fig. 2. Ti - atmospheric pressure
E=26]

Fig. 1. Ti - atmospheric pressure
E=02]

Fig. 4 Ti - vacuum
==206]

Fig. 3. Ti - vacuum
E=02]J
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Figure 15. Cu - Acoustic recording, time domain.

CONCLUSIONS

. Ruby laser interaction with titanium and copper has been analyzed under conditions of

atmospheric pressure and vacuum.

_In the case of Ti experiments were carried out under free generation mode and Q switch,

and in the case of Cu only with Q switch mode.

. Mono-pulse regime was used.
4. Scanning electron microscopy enabled detailed analyses of damages that lead to structural

changes in tested materials:

- in titanium, under atmospheric pressure, cracks were located in the central part of
damage, and scarcely appeared on edges;

- cracks were not noticed in titanium in vacuum, but material merging on edges was recor-
ded, as well as structural changes in the central area;

- in copper, under atmospheric pressure for both energy levels, traces of inhomogeneous
structures and great ammounts of oxides were recorded;

- in copper under vacuum, within the edges, a great deal of overflowing of the material and
related improper merging took place.

. Also of great interest is the analysis of final expressions for crack lengths under mentioned

experimental conditions.
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