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Influence of process parameters on the residual stress of
cladding layers by laser additive manufacturing

GONG Chen', WANG Lifang”, ZHU Gangxian', SONG Tianlin'
(1. School of Mechanical and Electric Engineering, Soochow University, Suzhou 215021, China; 2. Engineering Training Center,
Soochow University, Suzhou 215021, China)

Abstract: In order to study influence rules of process parameters on residual stress distribution of cladding layers, the
numerical simulation and experiments test were adopted. The residual stress distribution rules in depth direction of cladding layer
section along the scanning path direction ( y-direction) and the vertical scanning path direction ( x-direction) were obtained. At
the same time, the stress field was also analyzed under different process parameters. The results show that the residual stress of y-
direction is tensile stress, which is first increasing and then decreasing, and the maximum tensile stress is 262MPa at 0. 2mm
position from the top of cladding layer. The residual stress of x-direction is from compressive stress converted gradually to tensile
stress, which is less than the value of the y-direction stress with the depth of the cladding layer increasing. The x-direction
residual stress gradually increases and the y-direction residual stress gradually decreases with the increasing of laser power. The
x-direction residual stress gradually decreases and the y-direction residual stress gradually increases with the increasing of
scanning speed. The x-direction residual stress and the y-direction residual stress decreases with the increasing of powder mass
flow rate. Meanwhile it can provide a method for decreasing residual stress and optimizing process parameters.
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Fig. 1 Finite element model and mesh generation of laser additive manufac-
turing
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Table 1 ~ Thermophysical parameters of 316L stainless steel
temperature/K ‘,/ Ky (w- m'_‘l/ K (ke _”fn_3) E/ Pa a/K™! v o/Pa E'/ Pa
293 477 12.6 8 2.21 x10" 15.3 x107° 0.3 0.297 x10°  2.21 x 10"
473 515 16.3 8 1.96 x 10" 15.3x10°¢ 0.3 0.221 x10°  1.96 x 10"
673 550 19.8 8 1.86 x10"  15.3x10°¢ 0.3 0.202 x10°  1.86 x10"
873 582 22.6 8
973 611 23.9 8 1.55x10"  15.3x10°¢ 0.3 0.099 x10°  1.55x10"
1073 640 25.5 8
1173 669 26.4 8
1273 675 27.5 8 0.50 x 10" 15.3x10°° 0.3 0.089 x10°  0.50 x 10"
1473 739 29.7 8 0.35x10"" 15.3x10°° 0.3 0.059 x10°  0.35x10"
1703 760 31.7 8
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Fig.2 Schematic diagram of node and location path
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Fig.3 Transient temperature field distribution cloud at different time
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Fig.5 Residual sress field distribution
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Fig. 6 Residual sress field distribution of x-direction, y-direction, z-direc-

tion and von Mises with the depth of the cladding layer increasing

262MPa [ I KALR S5 5 T 0 J7 1] 8% AR R 745 7 )2
TOUER SR IW R FE N T, A o 8 2= TR B8 1 15 o 2 ¥ %2
SR T HR/MIK T y 7 10 8 348 32 J7 1] I AR AR
NEJTAAEE 2,y BB N BN y J7 M BR A T
AR B B Z R R 2 e RS S, 5
S5 SCHR (13 ] —3, BRI RY ) TE R P 5 5 3

BT x,y JT RN e KT 2 J5 BRI T,
RIS 225 SRR 14 ] ] 6T, OB A1 il 1 i a0 3=
BRI A T Y RIS x T ] R AR
FIINF y Jr N S, B RAAS SR A S5 300 T e 2
JEAE y T 10BN T 43 A FAEE
2.3 REMNDHREHAR

AR RO BN IREE D7 0] y J5 10 R AR g T
AR R SEGU— 800 T2 S T RIE O
YR, ARG, R X-350A &Y X SRR 437 S
TSR Z BORAT I T, I A2 Bk SR MG [ 72 o, 28 H. 5%
PoE e WURHA ¢ 43 3O 0°,24.2°,35.3°,45° 4
UG AL 1k A g3 0l A 132° F0 125°,260 H AP A

0. 1°, JFEHE 1. 0s, fE B HAE 2mm, SR 111 191
SRS W R A T, SRR T 720 2 ) B H A e
BIZMRIE RN, R E y J7 10 W54 N )
S8 B SRUE R IEAT X B, S5 RN R T R .

3.40F

L —=— numerical
3.00f —o— experimental

2.60F
zm://
1.80fF o

1.40}
1.00t

stress/10%Pa

06 05 04 03 02 o0l
distance/mm

Fig.7 Residual sress field distribution of y-direction with the depth of the
cladding layer
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Fig.8 Residual sress field distribution with different laser powers
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