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Thermal-mechanical Coupling Finite Element Analysis of Stress Field in Laser Cladding Process

HAO Nan-hai, LU Wei, ZUO Tie-chuan
(College of Laser Engineering Beijing University of Technology, Beijing 100022)

Abstract: According to the character of laser cladding, a finite element model for analyzing the stress field of laser cladding
was built and laser cladding process with powder feeding was analyzed with the model. The analysis results show that, by the
end of process the cladding layer is in tension stress state whereas the stress values are varied in different direction. Along the
cladding direction, plastic tension strain appears which is the main cause of cladding layer cracking. The analysis results also
show that enhancing preheating temperature is an effective way to avoid cladding layer cracking.
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Table 1 The flow stress of No.10 steel
1 2 3 4 5 6
/ 20 800 900 1000 1100 1200
2l ANSYS o/MPa 155 70 48 41 24 14
1 2 1Crl18Ni9
Table 2 The flow stress of 1Cr18Ni9 stainless steel
1 2 3 4 5 6
/ 20 800 900 1000 1100 1200
2004—10-08 2005-01-05 0/MPa 205 158 110 59 36 22
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Table 3 The mechanical properties of No.10 steel
/GPa K!
20 200 300 400 20 20~200 20~400
0.3 210 193 185 175 9.5<10° 11.8<10°  13.2x10°
4 1Cr18Ni9
Table 4 The mechanical properties of 1Cr18Ni9 stainless steel
-1
/GPa K
20~100 20~200 20~300 20~400
0.3 206 16.0><10° 16.8><10° 17.5><10° 18.1<10°
12
1
€< 77 <% ??(Birth and Death)
1Cr18Ni9 10
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Fig.1 Finite element mesh
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Fig.2 Variation of stress
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Fig.3 Variation of strain in X direction
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Fig.5 Variation of strain in Z direction
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2 Critical Strain rate for temper-
ature drop, CST
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Fig.7 Variation of plastic strain with different preheated

temperature
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