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Laser Welding of Lotus—Type Porous Iron
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A lotus—type porous iron (AISI 1018) that is fabricated by unidirectional solidification using the continuous zone melting
technique in a nitrogen atmosphere under a pressure of 2.5 MPa, was welded by a Nd: YAG laser. The melting property of lotus—
type porous iron was investigated to evaluate its melting characteristics at different laser powers and welding speeds. The weld
bead surface of the lotus-type porous iron was rough with pits and dents irrespective of the pore growth direction. The remarka-
ble effect of the pore growth direction on the penetration depth of the weld bead was not observed. This was due to the unstable
weld bead formation caused by the relatively large—sized pores and the blowing of the remaining gas from the closed pores as well
as the smaller anisotropy of the thermal diffusivity as compared to the copper and magnesium cases.
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Table 1 Nominal chemical compositions of AISI 1018.

C Si Mn P S
0.15~0.20% <0.35% 0.60~0.90% <0.030% <0.050%

« Pore growth direction

(b) Cross section.
(c) Test piece.

Fig. 1 Appearance of the top view of the formed lotus—type
porous iron prepared by the continuous zone melting technique
(a), its cross section (b), and the test piece for laser welding

(c).
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Fig. 2 Schematic views of the lotus—type porous iron specimens showing different combinations of welding directions and pore

growth directions.
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Original Pore
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Fig. 3 Appearance of laser weld beads on the nonporous iron (AISI 1018) and lotus—type porous iron; pore directions perpendicular
(L), parallel I (//-//), and parallel I (//-—L) to the specimen surface at a laser power of 1.0 kW and welding speed of 1 m/min.
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Fig. 4 Cross section of the laser weld beads of the nonporous iron (AISI 1018) and lotus—type porous iron; pore directions perpen-
dicular (L), parallel T (//-//), and parallel II (//—L) to the specimen surface at a laser power of 1.0 kW and welding speed of 1 m/

min.

Table 2 Summary of the gas analysis results in the pores of a
test piece when the pore direction is parallel to the specimen sur-
face.

Remaining gas No. 1 No. 2
H, 3.8 —
CH; — —
H,0 — 0.3
N, 95 99.7
0, — —
Ar — —
CO, 1.2 <0.1

Approximate gas volume (mL) 8x10°6 2x10-¢
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Fig. 5 Comparison of the penetration depth of the laser weld
bead for the lotus—type porous iron under different welding con-
ditions; pore directions perpendicular(_L), parallel I (//-//),
and parallel 1T (//-L) to the specimen surface.
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Fig. 6 Hardness of the base metal and weld bead for different
pore directions at a laser power of 2.0 kW and welding speed of
2 m/min.
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Fig. 7 Microstructure of the cross sections of the weld metal (a) and base metal (b) at a laser power of 2.0 kW and welding speed of

2 m/min.

Table 3 Reflectivity and thermal properties of iron (S35C), copper, and magnesium at room temperature!516),

Reflectivity (%) py Kg/m®) Gy (J/Kg-K) Ay (W/m-K) € (%) oy (m?/s) oy (m?/s)

Fe (S35C) 57 7859 464 43.1 17 1.18x1075 1.01x10-5
Cu 95 8951 382 400 30 11.7x1075 8.98 %1075
Mg 74 1737 1063 156 35 8.44x1075 6.25x10-°
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