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Finite Element Analysis and Experimental Verification of Thermal Process in CO,
Laser Welding of Automotive Transmission Gears
LIU Qixian
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Abstract: The CO, laser welding process for low-alloy steel 20CrMnSi double gear used in automobile transmission
was investigated. The distribution of temperature field in the weld seam and its adjacent zone under different heat input
was analyzed by finite element software SYSWELD, and the optimum process parameters was obtained. Furthermore, the
thermal cycling curve under the optimal parameters was analyzed, as well as the welding experimental was carried out. By
the optimum process parameters, the cross-sectional profile of the welds for simulation and experiment were achieved,
which are similar. In addition, the microstructure in heat affected zone (HZA) of the weld beam was analyzed, and the
reliability of the model was verified.
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Fig.1 Gear size and finite element mesh
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Fig.2 Three-dimensional
’ conical heat source model
’ Iy s ’ 5
o )
o sze_zi»
s z Ze Zi,
A Te Tio
_9InQe’ 1 _3r 1
9u(r2)= w(e-1) X (2.~ z))(FPAT, T+ exp( ro ) M
] ;0 o
0.90%, 2200,
2400.,2600 3000 W, 1.2 m/min,
0 mm,
[8]:
Min=20,0177°C Hin=20.0241 C
¥ax=2071. 15°C Max=2251. 64°C

(a) Zh 3 2200 W

(b) Zh & 2400 W
B3 AEEERET &R

Fig.3 The shape of weld pool cross section under different welding parameters
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Fig.4 Sampling points for welding thermal cycles (P=2400 W)
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Fig.5 Comparison between calculated results and welding
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