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Numerical Simulation considering Latent Heat Effect
for Laser Cladding Process

Guiping Zhao', Ho-Mun Si’, Chongdu Cho™, and Jae-Do Kim™

ABSTRACT

Laser cladding process accompanies phase transformations from melting (on heating) through solidifying (on
cooling) at the same time within a small material volume and to final solid phase. The phase transformations are not
reversible, but an irreversible thermodynamic process; they accompany either absorption or release of thermal energy
(referred to latent heat) during transformation. Yet, most analyses on materials processed by laser as a heat source have
been performed on models of neglecting the latent heat in the process and those did not justify the simplification. With
literatures on the laser material process, we have not place an answer to how little the assumption affects on analyses.
This led us to our current study: the effects of latent heat on thermo-mechanical analysis. To this end, we developed a
fairly accurate program accommodating an algorithm for enforcing the latent heat whenever necessary and ran it
combining with ABAQUS™, The simulation techniques we used in this study were verified by directly comparing our
prediction with experimental publications elsewhere; our numerical results agreed accurately with the experiments. On
the effects of the latent heat, we performed two alternatives about considering the latent heat in analysis, and compared
each other. As a result, we found that more accurate conclusions might come out when considering the latent heat in
process analyses.

Key Words : Latent heat(%+g), Laser cladding process(#l o] 3 Z#l% -F3), Thermal field( % ), Finite element
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Table 1 Physical properties of materials used in calculation

Inconel 718! Mild steel!'®! Aluminum!"!
k (W/m.K) 20.3 36.9 228
h (W/m* K) 100 100 100
¢ (J/kg.K) 594.5 8499 1,067
p(kg/m*) 7,654.8 7,870 2,545
Tos (K) 1,423 1,766 873
T, (K) 1,623 1,803 933
L (3/kg) 145,000 245,235 395,000
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Fig. 5 Temperature distributions in the melt pool and the solid for Inconel 718: (a) along the y-axis, (b) along
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Fig. 6 Temperature distributions in the melt pool and the solid for mild steel: (a) along the y-axis, (b) along
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Fig. 8 The shape of molten region and temperature contour near melt pool of Inconel 718 at t = 0.503s:
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Fig. 9 The shape of molten region and temperature contour near melt pool of Inconel 718 at t = 1.28s:

(a) without latent heat, (b) with latent heat
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Fig. 10 The shape of molten region and temperature contour near melt pool of mild steel at t = 1.36s:

(a) without latent heat, (b) with latent heat
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Fig. 11 The shape of molten region and temperature contour near melt pool of mild steel at t = 7.29s:
(a) without latent heat, (b) with latent heat
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Fig. 12 The shape of molten region and temperature contour near melt pool of aluminum at t = 1.95s:
(a) without latent heat, (b) with latent heat
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Fig. 13 The shape of molten region and temperature contour near melt pool of alurglizlum at t = 30s:
(a) without latent heat, (b) with latent heat
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Table 2 Physical properties of cladding material and
base metal®

Cobalt alloy Mild steel
T, (O 1265 1493
T, CC) 1354 1530
K (W/m.C) 13.39 65.0 - 5% 10°T
: ' +0.028T +2x 1057
k, (W/m.°C) 48.8 35.0
L (J/m*) 2.6 x 10° 1.93 x 10°
3.525 % 10° 3.485 x 10°
c(/m.°C) +2064x10°T +3.334 x 10°T+1.25
+069 T T
p (kg/m’) 8862 7870
31.0 (£1.0) 160
" SO +8.17 x 10°T
#:{16]
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Fig. 18 Comparison of temperature distribution: (a)
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°C), (b) thermal field published in [16]
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of melt pool and the dilution: (a) P =150 W/mm,
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Fig. 21 The effect of clad height and laser scanning speed
on laser power for low dilution( < 1.0%).
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