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Study on Laser Welding Residual Stress of High Strength Steel
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Abstract The excellent welding joints are obtained when the high strength automobile special steels are welded
by CO; laser. In order to improve the measuring accuracy of the test, the small hole method of measuring residual
stress is revised necessarily. The simulation results coincide with the modified test values after ANSYS software
being used to calculate residual stress. The influence of line energy on residual stress is researched for laser welding
high strength steel plates by the test method. The test results show that the longitudinal residual stress reaches a
maximum at a distance of approximately 2.5 mm far away from the center of welding seam, and the farther away
from the weld seam, the smaller the value of residual stress is, and the residual stress ultimately achieves stability.
The residual stress distribution of the initial stage is close to that of the stable stage by adding the arc plate in front
of the welded specimen, which eliminates unstable phenomenon of residual stress of the initial stage. The transverse
residual stress increases gradually and the maximum value of the longitudinal residual stress decreases when the
line energy increases.
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Fig.1 Microstructure of material
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Table 1 Mechanical properties of test materials

Tensile strength /MPa Yield strength /MPa Elongation /%
1260 590 =10

2 AR AL S ) (B R R, %)

Table 2 Chemical composition of test materials (mass fraction, %)

C Si Mn P S Others
<0.18 <0.5 <2.0 <0.025 <0.015 =0.015
H A I T 200 mmx 120 mmx 1.5 mm (47 B, X 422 45 42 77 3K, 1 300 91 SR 58 1 A% K e e D ) 3 2k 1k
P COMOL R R I K INZ T35 3 kW, B8 K 3.2 mm, TEMO1 JEZE#E X . S (5 3E R 4% I 7 14 0 5 0K5 i, ) %
F i) e EL 08 F bR, 5 R e 1 — 3, 4 o 422 4% 1] BRAE 0.12~0.16 mm 2Z (8], 0 74 35 5 F 3% |, SOt K 42
M T AZH0n 3 3 iR .
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Table 3 Process parameters of laser welding

Number Laser power P /W Welding speed v /(m/min) Linear energy £ /(kJ/m) Defocus L /mm
1 1400 1.0 84 -04
2 1300 1.0 78 -04
3 1200 1.0 72 -04

F= TG I B £ AL FE CM—1]-20 K07 #8 A N AR AL . CCZ-1 AURE S 4G 4 . CF120-3BA-L 48 2 6 BHL A 28 1
K- TAE %5, LR bR RO 4> 45 5L (8% FIBOK X BE120-2CA—K HLBH S 48 46 A 44 9L B
72 0.6 mm , e J K T v FEAG TH 3 Sk BBk A0 T
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Fig.2 Welding butt joint specimen
B 7 i) B RGN BRAR LI o,y O3 [ b BB 1) BR AR 1R o, LB BN AR R e, | e, MRS
P 2 56 T DA A R R AR ECA RN B BRI 3 1 2 3 T ) B S G\ T R A L g R ) 5% 4 1V ) 7
a7, B AN ) i R

<g=zi§pgA+m—ng—Bn

1 . 1)
= gle At B-e(4-B)]

AR (L2 577 B 1058482 13 34 0L 3 7% T B 08 W o 7 60 B0 A 5 A ) B
TR R R 552 060 A B 2 A £

o

@ o ] ®) 350
% 600 "= &30 N
7 S
a = 2p0- \
& 400 - —a—before amendment a '
% g éOO- —u—before amendment
= 2 u
= _," 1%
=} 150 A
7 200 . W % hN

@ 100
)/5’\ AN / & \
T LJ -)l T T n T T \T\i - 1 - 50_
N I T T T rassaar Sanranarraar
Distance from welding center /mm

Distance from welding center /mm
P 3 B IE T A AR A ST o (a) DI ERANIE S7; (b) B 1] B A% 17 T
Fig.3 Residual value stress before correction. (a) Longitudinal residual stress; (b) transverse residual stress
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Fig.4 Comparison of residual stress before and after amendment. (a) Longitudinal residual stress; (b) transverse residual stress
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Fig.5 Comparison of longitudinal residual stress measured value and finite element analysis result
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Fig.6 Residual stress distribution of specimen 1. (a) Longitudinal residual stress; (b) transverse residual stress
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Fig.7 Residual stress distribution of specimen 2. (a) Longitudinal residual stress; (b) transverse residual stress
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Fig.9 Residual stress distribution comparison of initial segment and stable segment. (a) Longitudinal residual stress distribution;

(b) transverse residual stress distribution
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