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Absorption of Nd:YAG laser beam by metallic alloys
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The development of high power laser systems has erformation hardening using the calorimetry method and
abled the industrial use of lasers in the area of materialslectrical resistivity measurements. Gray cast iron and
engineering, e.g laser cutting and welding, laser transaluminum-silicon alloy have been used in automotive
formation hardening, laser alloying and cladding. Incylinders and pistons fabrication. The laser treatment
particular, laser surface treatment has attracted a greegsults in a reduction in wear and better cooling rates,
deal of attention because the possibility to heat the sumwhich consequently allows the design of smaller en-
face locally without affecting the material bulk, and gines or improve their performances.
the high cooling rates generating novel microstructures. Calorimetric experiments were conducted on sam-
For these applications, G@nd Nd:YAG lasers are of- ples (5x 5 x 0.5 mm) of both metallic materials. The
ten used. chemical compositions (wt. %) are given in Tables |
Laser processing depends on set of variables of thand Il, respectively. The sample surface without addi-
laser source (wavelength, operation mode, power antional absorption coatings was polished with SiC 1000
diameter of the laser beam) and of the material (geomgrid paper, and then ultrasonically cleaned in ethanol
etry, physical properties and laser absorption). If than order to obtain the same surface quality for all ex-
process of laser treatment is to be useful in industry iperiments. Surface roughness was measured to be ap-
is necessary to select, for a given material, their besproximately 1um R, (maximum roughness).
combination of these parameters [1]. The experimental setup to the calorimetric tests is
During laser processing the temperature of the metathown schematically in Fig. 1.
surface varies over a wide temperature range where For the temperature measurements, a K-type ther-
melting and even evaporation can be reached. The alprocouple (wire diameter 0.5 mm) was fixed onto the
sorbed energy is transformed very rapidly into latticeback of the sample. The information of the temperature
vibrations, that is, into heat. Absorption of the laser
light is different by solid or liquid. Other factors can af-
fect the material absorptivity beam [2, 3] such as bear] ABLE | Chemical composition of the gray cast iron in wt. %

polanzatlon. and formation of oxide layers that increase Element (wt.%)
the absorption of the laser. '
All heat transfer calculations on laser material pro-© Si P Mn Cu cr Fe

cessing require knowledge of laser beam absorption, ,- 24 0.65 075 0.66 0.38
Once the temperature profile is known, it is possible to
pre(_jl_ct the depth ofthe heat-aﬁ.eCt zone, the phase_co "ABLE Il Chemical composition of the aluminum-silicon alloy in
position and the hardness profile of the laser-irradiateq; o,

material. Thus, the effect of temperature on the absorp

Rest

tion is very important [4]. Element (wt.%)

Investigation of the dynamic variation of the metals cu Al
absorptivity during laser processing is a topic of scien-
tific and practice interest. Theoretical approaches, suck 15 Rest

as the Drude model [5], or empirical ones, for example;
that of Bramson [6] can be used to predictthe absorption
ina solld_state. leferent_mefchods have be'en dev_elopgd % Laser beam
for experimental determination of absorption, using ei-
ther calorimetry [7] or ellipsometry [8], which is used
to yield data for the liquid state but under conditions
very different from the usual laser processing condi-
tions. However, the absorption value for the solid state T—Al .
; . : . ; umina
is certainly the main parameter in laser transformation
hardening.

The purpose of this work is to study the laser beam
absorption by two metallic alloys, a grey cast iron and
an aluminums-silicon alloy, under conditions of trans- Figure 1 Experimental setup for the absorption measurements.

Thermocouple
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TABLE |Il Laser process parameters used for the absorption 350

measurements a5 -
340 |- Aluminum-Silicon
Parameter Value Pulse 1 T, =313K
B Pulse2 T, =323K
Pulsed energy [J] 4.55 g Bor Pulse 3T, =332K
Beam diameter [mm] 0.74 T 35 Pulse4 T, =341K
Repetition rate on sample [Hz] 1.2 g 320 | Pulse 5T, = 343K
Temporal width [ms] 10 £t
5 315
(=
310
305
variation was led to a signal electronic converter system s
composed by an amplifier, a lock-in and a computer. 205 ' . : . . .

A pulsed Nd:YAG laserX = 1.06 xm) was chosen ° ° ° Time(s;s nooos®
as apower source. Laser process parameters used for the
absorption measurements are summarized in Table Ilkigure 3 Experimental time-temperature curve obtained for aluminum-
Under these processing conditions, no liquid phase oilicon alloy.
visible plasma was observed.

The sample is used as a calorimeter and the meawheres; is the emissivity of substratg,is the substrate
absorptiorp is calculated using the following equation: electrical resistivity ine2-m andx is the wavelength of
the laser beam in m.

The resistivity of metal was calculated based on re-
sistance value. For its determination, four samples with
differentdimensions of each material were used. A digi-
Wherem is the mass of the sample in kg, is the spe- tal micro-ohmimeter working with a Kelvin-type bridge
cific heatin J/kg K, Tmax is the maximum temperature System was used to take the resistance value.
reached by the sample in K is the room temperature ~ The raise of temperature with the application of five
in K and E; is the energy for a numbei™of pulses  pulses is shown in Figs. 2 and 3 for the gray cast iron
(l<i<5). and the Al-Si alloy samples, respectively.

For thep calculations, the specific heat values of the Thep values found of the metal alloys after applica-
metals were obtained using the Thermocalc Data Basion of one until five pulses are presented in Fig. 4. A
[9]. The temperature dependent specific heat can bitle g diminution as the number of pulsed increased is
calculated by Equation 2, for the gray cast iron, and byobserved, even with the temperature increase. The rea-

M x Cp X (Tmax— Tr)

B = E

(1)

Equation 3, for the aluminum silicon alloy. sons are that the mean absorption is inversely propor-
tional to the energy provided by each pulsed, according
cp = 65006 — 0.21014x T (2) toEquation 1, and also heat runaway by thermal con-

duction happen.

Considering the wavelength of the laser and the ob-
tained mean values for the metals resistivity,210
whereT is the temperature in K. 107 Q-m for the gray cast iron and@ x 10~8 Q-m

The metal absorptivity was also estimated from anfor the AI-Si alloy, the mean absorption calculated
electrical resistivity data of the substrate using the emthrough the Equation 4 was 30% and 7%, respectively.
pirical relationship proposed by Bramson: These values are in good agreement with the mean ab-

sorption calculated by calorimetry method. In conclu-
&, = 0.365x \/E _0.0667x £ —0.006x \3/7 (4)  sion, asemi-analytical method was developed to obtain
A A the values of laser-matter absorption of two metallic

Cp = 54869 — 0.44629x T 3)
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Figure 2 Experimental time-temperature curve obtained for gray castFigure 4 Mean absorption by metallic alloys after application of one
iron. until five laser pulses.
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alloys during pulsed laser treatment. The absorption o8. J. F. READY, Proceedings of IEEEZ0 (1982) 533.
Nd:YAG in metallic samples obtained experimentally 4. A. M. PROKHOVROV,V. I. KONOV,I. URSUandI. N.

by calorimetric method was in good agreement with
the theoretical value estimated using electrical resistivg
ity data. The average absorption in the gray cast iron

and the Al-Si alloy were 32 and 5%, respectively.
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