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Abstract

The laser-induced plasma affects greatly on the results of welding process. Moreover, selective evap-
oration loss of alloying elements leads to change in chemical composition of weld metal as well as the
mechanical properties of welded joint. This study was undertaken to obtain a fundamental knowledge
of pulsed laser welding phenomena, especially evaporation mechanism of different aluminum alloys.
The intensities of molecular spectra of AlO and MgO were different each other depeding on the power
density of a laser beam. Under the low power density condition, the MgO band spectrum was predomi-
nant in intensity, while the AlO spectra became much stronger with an increase in the power density.
These behaviors have been attributed to the difference in evaporation phenomena of Al and Mg metals
with different boiling points and latent heats of vaporization. The time-averaged plasma temperature
and electron number density were determined by spectroscopic methods, and consequently the
obtained temperature was 3,280:+ 150K and the electron number density was 1.85 x 10* I/m®.
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Table | Physical constants of pure aluminum and pure magnesium.
- o Thrmal
. . Melting Boiling lonization Heat of Heat of .
Atomic Atqmlc i point potential fusion vaporization conductivity
number | weight P (K] [eV] | [10/mole] | (10°/mole] | (2t 293 K)
IR S A N L WA SN A Rt [W/m - K]
Pure Al 13 26.9815 933.25 275050 5.984 8.40+0.16 293.8 238
Pure Mg 12 24.305 932+0.5 13765 7.644 8.96+0.2 128.7 167
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Fig. 3 Variation in spectral intensity as a function
of time(Ey=80J/pulse, %,=21ms).
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Fig. 2 High speed streak image and frame photographs of pulsed laser induced plasma of aluminum
alloys in air (V,=86.12m/s, R;=1.16us, n;=40,500f's, 5, =7ms, E,=28.7J/p).
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Fig. 4 Relative intensity of emission lines as a
function of time.
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AlO molecular spectra as a function of
time.
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Fig. 6 Spatial distribution of spectral intensity as a function of height from specimen surface.
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Fig. 7 Relative intensity of emission lines as a
function of laser power density.

o] 2H AR Fa, H2E(7)2 20msojA} ¥
20U R & 26~T6J/p7tA] 1TEH 0 2 \}iro], o
7150l A Bl M & ZAE] w9l ko of 3 g
2¥EY 9 W3 E BHst

f7] Eetzvle] BAAX = JEEHOZRE
3mme] Fojojn, Ho|x XALE 2ms¥ o] AAFE
oF 100us3t A E& 7] AHF 1031 9] HolE] & 3
Atetcl. 2 A% E Fig. 7 2 Fig. 80 Jehdit).
Fig. 7€ do] % g1 s o] W s}o] uja}a] w7}
S0 Wbyt @A g 2ol dE] AQAES ¥od g
W Ao} s wr) FAEE, MgOgt AlOY
R AE RS S F Ak wEA, o]
o e 4B FE Kol YE MgO 2 AlOd
F-23ta], MgO(500.73nm)9} AlO(507.94nm)2)
o7 E ol Al 3¢l w(H A R))e) o
A F el Reo] Fig. 8ojth. o|2) gt A2 1)

Output energy, £&,(J/p)

20 30 40 50 60 70 80

8 T U
= | oasoss A
2 =20 ms 15
Zer Integ. CNT:10 RS
] Gate width:100 e
=~ in air ©
24r 1'0
2 <
2 5
€, Jos
o A,A'ﬁ MgO/AIO—>-

0 | 13’ 1 L 1 L L 0

3 4 5 6 7 8 9 10
Power density, Ps (X 10°W/m?)

Fig. 8 Variation in relative intensities of MgO and
AlO molecular spectra as a function of laser
power density.
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