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Study of Thermal-Mechanical Coupling Behavior in Laser Cladding
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Abstract A three dimensional finite element model is employed to simulate the cladding process of Ni-Cr—-B-
Si coatings on 16MnR steel under different parameters including laser power, scanning speed and spot diameter.
The temperature and residual stress distribution, the depth of the heat affected zone (HAZ) and the optimized
parameters for laser cladding remanufacturing technology are obtained. The orthogonal experiment and
intuitive analysis on the depth of the HAZ are performed to study the influence of different cladding parameters.
A new criterion based on the ratio of the maximum tensile residual stress and fracture strength of the substrate
is proposed for optimization of the remanufacturing parameters. The results show well agreement with that of
the HAZ analysis.

Key words laser technique; finite element method; laser cladding; temperature field; residual stress distribution;
thermal-mechanical coupling
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2 A PRITHALS By
R IC 0 B B A& 2k F 16MnR 4, % i o8 7850 kg/m®, FE4K <) 48 mmx20 mmx5 mm , %5 & 4 K N
Ni-Cr-B-Si i & 4, % & 4 8410 kg/m’, 16MnR 9 & Ni—-Cr—B-Si £ & 4 101k 27 i 23 A $h gy B BE 2 Ko
P L~4 IR IR R AT AR S8 B g v R R R AR 2k BDE R AR L mm, R B AR
SER R RRPE BT G O B — 2 A 1R o
%1 16MnR L2 R4 O k350, %)

Table 1 Chemical composition of 16MnR steel (mass fraction, %)

Material C Si Mn S P
16MnR <0.20 0.20~0.60 1.20~1.60 <0.035 <0.035
%2 Ni-Cr-B-Sifb2% a4 O it 534, %)

Table 2 Chemical composition of Ni-Gr—-B-Si (mass fraction, %)

Material C Cr B Si Fe Ni
Ni-Cr-B-Si 0.6~1.0 14~17 2.5~4.5 3.0~4.5 <15 Bal.

3 16MnR A M iR S 4L
Table 3 Thermo-physical and mechanical properties of 16MnR steel

Thermal
Elasticity Shear Thermal
Poisson’s Specific expansion Density /
Temperature /C modulus / modulus / conductivity / .
ratio heat /[J/(kg:-K)] coefficient / (g/em®)
GPa GPa [W/(m : K)] 69 -1
(10°C™H
20 209 82.0 0.280 — — — 7.850
100 207 80.4 0.286 — — 12.6
200 201 77.7 0.291 37.1 481 12.9
300 193 72.1 0.307 36.6 515 13.5
400 185 69.5 0.333 35.5 561 14.0
500 172 68.7 0.249 34.9 649 14.4
600 — — — 33.9 — 14.6
700 — — — 32.0 — 14.7
% 4 Ni-Cr-B-Si A% F i it 5 50
Table 4 Thermo-physical and mechanical properties of Ni-Cr-B-Si
Elasticity Yield Thermal Specific
Temperature/ Thermal expansion Poisson’s  Density /
modulus/  stress/ ) conductivity /  heat /[J/(kg- )
T coefficient /(10°C™) ratio (g/cm®)
GPa MPa [W/(m-K)] K)]
20 191 789 12.3 12.6 410 0.28 8.410
250 169 645 12.9 13.2 452
500 147 457 14.1 14.0 485
750 121 287 15.4 15.4 546
1000 109 152 16.2 18.3 642

SR FH 18] 432 12 A AU0 SO i 7 o o 1) 3L B2 O3 A B B A% 1O 3 43 A, RIS R AT 34 a0 B, 45 208 B 5 R 10 3l 2
A, SR Je LA Z AR DAy AR 28 it o 280 B i R AT B89 1L 0 0 A o e 8 A BHO AR BT 1 B SRR I ) 3 A
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Fig.1 Geometrical model of specimen and locations of paths
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Table 5 Laser cladding parameters

P /kW V /(mm/s) D /mm
1 1.8 3 2.0
2 1.8 4 2.5
3 1.8 5 3.0
4 2.4 3 2.5
5 2.4 4 3.0
6 2.4 5 2.0
7 3.0 3 3.0
8 3.0 4 2.0
9 3.0 5 2.5

M B R FR TSR QN & 2 BT 7R o 25 B 3 0 78 2 S LR 30T DX sl 30 B R, N T TR R RS
XA AR AT T R RN o RS BTk G T R S A4 BT G 8 Y N TR 50T Solid 70, 45 18 A AT
FBUCN 24056, BLIC KN 206544

&2 (a)F BRI A (o) Jmy # s K ]
Fig.2 (a) Finite element model; (b) partial enlarged detail
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Fig.4 Temperature distribution on path 1
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Fig.3 Three dimensional temperature distribution with

parameter one (=8 s)
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Table 6 Depth of heat affected zone

ID 1 2 3 4 5 6 7 8 9
Depth /mm 0.957  0.579 048 0846  0.674  0.793  0.888 1.009  0.698
M 6] LUF i, 2803 I HRGE Wi X TR L fe /b o it — 25 WA RO D123 3100 B MO 2 42 X 3G i
DR BE R, of 2 6 1 103 45 SRR T IE 28 O A vk b A7 40, A SR 3R TR .
RT HMW LI A5 R

Table 7 Calculation results of orthogonal intuitive analysis method

Parameter P 14 D
at 0.674 0.897 0.92
xt 0.771 0.754 0.708
P 0.865 0.659 0.683

R 0.191 0.238 0.237
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Fig.5b Residual stress distributions along path 2 under parameter one
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Table 8 Results of calculated k

ID 1 2 3 4 5 6 7 8 9
o, /MPa  852.09 903. 00 591.28 922.81 804.45 1086.9 865.01 1161.88 1115
k 0.762 0.807 0.529 0.825 0.719 0.972 0.774 1.039 0.997
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