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Simulation optimization of laser welding heat source and residual

stress simulation analysis of AH36 marine steel
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Abstract: In shipbuilding, the laser-welding heat source is intrinsically narrow and deep; while this favors
penetration depth and travel speed, it also promotes localized heat accumulation and residual-stress
concentration. Focusing on AH36 high—strength steel, this study employs finite—element simulation to
characterize the melt-pool geometry in laser welding. Ten moving—heat-source patterns are selected and
defined; the cross—sectional shapes at steady—state welding are extracted for each model and compared with
the actual melt—pool profile observed in laser welds, allowing the optimum heat-source model for butt-

joint laser welding to be identified. Furthermore, thermo—mechanical coupling simulations are performed to
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predict the welding distortion and residual-stress distribution in laser-welded butt plates, and the

predictions are validated against experimental measurements. Good agreement is achieved in both

magnitude and trend, providing a reliable theoretical basis for subsequent optimization of laser-welding

procedures and fatigue assessment of laser-welded structures.

Key words: laser welding; heat source model; AH36 high—strength steel; residual stress; fatigue

evaluation; weld pool shape
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Table 1 Combined heat source formula
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Table 2 AH36 material properties
T/ %JE/‘ ?%E*EE SRS SRR T ik He A Jiti I
C (kgem %) 10° MPa /(Wem 'eC™ 1) FHu/C /(Jekg 1Ch) R /MPa
22 7 880 2.10 0.27 50 1.15 480 400
100 7 880 2.00 0.27 45 1.20 500 340
200 7 880 2.00 0.28 40 1.30 520 315
400 7 800 1.70 0.28 36 1.42 650 230
600 7760 0.80 0.29 34 1.45 750 110
800 7 600 0.35 0.30 25 1.45 1 000 30
1000 7520 0.20 0.31 26 1.45 1200 25
1200 7 390 0.15 0.32 28 1.45 1400 20
1400 7 300 0.10 0.32 57 1.45 1600 18
1550 7250 0.10 0.32 67 1.45 1700 15
1 800 7 180 0.10 0.32 215 1.45 1770 10
2 000 7 180 0.10 0.32 280 1.45 1800 10
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Fig.2 Weld size and grid diagram of finite element model
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Fig.5 Cloud picture of temperature field distribution

of double ellipsoidal heat source

1800
EFBR

ju = —— AR
. T RS

w
(=)

—_
S}
(=3
S
T
[\
oo

ERBREE/ C
3 g

R X
ERB/MNEE/ C

W
(=3
(=3

22

N
[\
T

e P RSt PO
1800 2400 3000 3600

B E)/s

B 6 BE-REThE%

Fig. 6 Temperature—time curve

0 600 1200

X4 (FLL (=10 s b AE R I A5 ) o NI 7~9 7]
VLA, 2SR AL 2h 0 T, BT rbacs VR FH X380
Tk o5 AR 48 R L i LA, HAE VS B IR
TR Ry A AR TP S R U R )
A5 Ak il 2R Y BE U AE A6, 7 U R BT AR 4% O )
ek J3E 7 A6 i 4 B A B B BE B Y 1S i 32 7
Fat, HL 2R 0% LR AE T I G R e 5 e RS U8



%14

B, FAH3G A AN IR A ROR A MR AL S A R I AT B o + 145 -

P A, L2 T 5 0 A AR R R S 5 A X T T
IR K5 e il DXAT) 22 5 5 1) I X 3k
7 AT 3 R A, (E A 8 T R AR X G248 1 2 o
X L P9 i AR S 5 1) AN [ o7 B A T il E A Ak
b2, 2 e DA A i 7 A il 2 BEAR AR

1800

| —o— BAE0.0 mm
1500k _ —— PEEE1.0 mm
'E' —— PAEE2.5 mm
4 —— PAES4.0 mm
1200 —— BER§8.0 mm
o ®
% 900t
600 [+ fif -
300}
/i,
) XXX tehreoremmen
10 100 1000 3600
B ) /s

B7 EETREX)AFEART SN
i B — I B 2R L B 22
Fig. 7 Temperature—time curve of typical nodes

perpendicular to direction of weld (X)
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