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Abstract To investigate the influences of solid state phase transformation on stress evolution during laser matal
powder deposition, a 3D finite—element thermo—-mechanical model considering phase transformation effects is
established. The stress fields during single layer and multiple layer laser metal deposition process are analyzed.
Stress measurement of blind hole method is applied to cladded samples. The results are compared with the
computational predictions, which should be a validation for the predictions with the inclusion of transformation
kinetics. The importance of considering phase transformation effects is verified through the comparison of the
magnitudes of residual stresses with and without the inclusion of transformation kinetics.
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Fig.1 Geometry of single layer laser clad sample Fig.2 Geometry of multilayer laser clad sample
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Table 1 Properties of substrate material

Temperature /C - 25 300 400 600 700 800 950 1050
Young modulus /GPa — 196 — — — 143 — — —
M 1097 — 882 — 221 — — —
Yield stress /MPa
y - 335 — 280 150 90 - 27
M 15.4 21.8 — 26.1 — — — —
Thermal conductivity /(W/m-K)
v — 19.4 — 25.1 — 27.4 27.7 —
Specific heat M 0.443 0.596 — 0.667 — o — —
C/(J/g-K) v — 0.542 0.632 — 0.667 0.633 —
Poisson’s ratio — 0.31 - — - — — - —
Coefficient of thermal M 11.5 12.5 12.8 13 — — - —
expansion /107 C y — 15 16.5 17 18.6 20 21 20.5

M: martensite ;y: austenite
2 IEHEIE MRS R

Table 2 Material properties of cladding material

Temperature /C — 25 200 400 450 600 800 1000 1100
Young Modulus /GPa — 206 — — — 160 — — —
M 1076 — — 926 638 — - —
Yield stress /MPa
Y — 393 366 — 340 270 — —
M 12.9 17.6 19.6 — 22.2 — — —
Thermal conductivity /(W/m - K)
Y — 16.9 18.3 21.0 243 25.8 25.4
Specific heat M 0.444 0.556 0.600 — 0.744 — - -
C/(J/g-K) y — 0.550 0.613 — 0.621 0.638  0.617  0.599
Poisson’s ratio - 0.30 — — — — — — —
Coefficient of thermal M 12 12.5 13 — 14 — — —
expansion /10 C y — 16 17.5 — 18 19 20 21

M: martensite;y: austenite
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Fig.4 Comparison of longitudinal stress distribution in cross—section of single-layer laser clad sample.
(a) With phase transformation; (b) without phase transformation
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Fig.5 Comparison of longitudinal stress at midpoint of single Fig.6 Comparison of transverse stress at midpoint of single

layer laser clad sample layer laser clad sample
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Fig.7 Temperature variation at midpoint of single—layer laser clad sample
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Fig.8 Comparison of longitudinal stress over the depth of the Fig.9 Comparison of longitudinal stress over the
sample near its center, starting at the top of the bead midperpendicular
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