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Numerical Simulation Study on Laser Welding of Titanium Steel
Heterogeneous Material T-joint

ZHANG He, SUN Pengfei, ZHANG Da, SUN Jianbo, ZHAN Lan"

School of Materials Science and Engineering, Jiamusi University, Jiamusi 154007, China

Abstract: In order to reveal the distribution characteristics and evolution trends of residual stress in T-type laser welding
joints of dissimilar materials with significant differences in performance, this paper establishes a thermo-mechanical cou-
pling model of titanium-steel dissimilar material T-type joints based on the ABAQUS finite element simulation platform. By
analyzing the stress curves of welding joints, the effects of welding power and welding speed on the welding temperature
field, residual stress, and deformation are investigated, and the laser bias strategy is innovatively introduced to optimize the
stress distribution. The results show that excessive welding speed (over 10 mm/s) will lead to insufficient molten pool tem-
perature, causing defects such as incomplete penetration and incomplete fusion; when welding the two sides of the T-type
joint in sequence, the residual stress at the interface between titanium alloy and the weld seam is the largest, and the residual
stress increases with the increase of welding speed (up to 198.6 MPa), while the deformation decreases with the increase of
speed; the effect of welding power on residual stress and deformation can be ignored. The pre-welding preheating and post-
welding stress relief annealing processes proposed in this study provide a theoretical basis for suppressing cracks and defor-
mation, and also provide new ideas for optimizing the laser welding process of complex joints of dissimilar materials.
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R1 KEETCAHRYIPERE
Table 1 Thermophysical properties of titanium alloy TC4

i iR LA Ik AL *?E AL/ s
/°C sz /(mJ-t"'-K™") /(107-°C™) Pt b (W/m-°C)
/MPa /Pa
20 998 6.11x10° 8.40 109 000 0.33 6.8
200 750 6.53x10° 9.20 94000 0.33 8.7
400 560 6.91x10° 10.0 80000 0.33 10.3
600 340 7.13x10° 10.4 66000 0.33 13.7
800 130 7.35x10° 11.0 35000 0.33 15.8
1000 90 7.54x10° 11.0 22000 0.33 183
1200 66 7.54x10° 11.0 500 033 21.7
1400 31 7.71x10° 11.0 100 0.33 24.5
1650 2 8x10° 11.0 10 033 22
1800 1 8.06x10° 11.0 10 033 20

K2 SUS304 REFWAMIRERE
Table 2 Thermophysical properties of SUS304 stainless steel

Ja R /I
TELAEE s kR JIR (27 /A 5 =
B o U R
/°C /(mJ-t"'-K™") /(107°-°C™") k. (W/m-°C)
/MPa /Pa
20 180 4.49%10° 16.5 205000 0.33 15
200 130 5.02x10° 17.7 195000 0.33 17
400 109 5.62x10° 18.3 178 000 0.33 22.41
600 82 10.3x10% 19.0 159000 0.33 26.41
800 69 6.17x10° 30.4 136 000 0.33 30.41
1000 63 6.34x10° 34.4 118 000 0.33 34.41
1400 60 9.19x10° 42.4 74900 0.33 42.41
1800 60 8.39x10° 50.4 4200 0.33 50.41
&3 CuSi,RLAWIRMEEE
Table 3 Thermophysical properties of CuSi; welding wire
. Jet e . . K
R s kR IR e
TR o oy
/°C /(mJ-t"-K™") /(10°-°C™) k. (W/m-°C)
/MPa /Pa
200 290 5.02x10° 2 100000 0.32 48.54
350 240 5.62x10° 3 90000 0.32 50.11
500 199 10.3x10* 3.5 60 000 0.32 52.67
650 160 6.17x10° 5 50000 0.32 54.1
800 50 6.34x10" 6 3000 0.32 57.9
1000 10 9.19x10" 7 10 0.32 58.81
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Tab.4 Simulated Welding Process Parameters

T /W TP/ (mmes™) (RS E/(L-min™)
2 150~2 450 5~10 15(Ar)
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Fig. 5 Longitudinal residual stress with P=3 950 W and v=6.67 mm/s

22 PIFEEERZ

TE T RISk B N STE e A% O IR IR T i
I B J il 100 5 A A A TR A 3 2 XS L AN 6
Fs e AR DS EE IR 2 1 RER 45
I, HAUUA Rt 120 57 55 SR T U423k B AR AR
INFEAR W), 2 W 8 A PR L 2 ] S A AL
TCA S AT TG B BOL LRI SRR A 1
1, TRRIE I T AR SCRUERE IS SR A T S

(a) i —IB RLERATTE A
El6 TERELRHUIRER S XI A IEEET L

Fig. 6 Comparison of T-joint simulated weld pool and test pool cross-section
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