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Abstract

This paper utilizes finite element software to simulate the temperature field changes in 45# steel
during laser irradiation. A systematic investigation was conducted into the effects of key parame-
ters—laser energy, spatial position (radial, depth), and time—on the temperature field of 45# steel.
By investigating the variation of surface temperatures at different locations on 45# steel with
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respect to laser energy, characteristics of radial temperature distribution at different energies, ra-
dial temperature variation trends at different depths, transient temperature changes on the upper
surface, and the temperature distribution map of the upper surface. The spatial-temporal evolution
of the temperature field in 45# steel under laser irradiation has been clarified. The research find-
ings provide a basis for optimizing the process parameters for laser irradiation of 45# steel, such as
laser energy and irradiation time, reducing thermal deformation and microstructural defects,
which provides both theoretical justification and data support.
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Figure 1. Geometric model diagram of 45# steel material under laser irradiation
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Table 1. Material parameters for 45# steel

5= 1. AR RIS

SRR SHE
B p (glemd) 7.85
ELHE ¢/ (J/g-K) 0.46
. 0.64
AR (1.319 pum BOE T = iRAE)
Pt T F k (W/em-K) 0.50
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Figure 2. Gaussian distribution diagram of laser energy
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Figure 3. Grid partitioning diagram
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Figure 4. Temperature changes at different positions on the surface of 45# steel under varying incident laser energy
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Figure 5. Radial temperature variation on the surface of 45# steel under changing incident laser energy
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Figure 6. Radial temperature distribution at different depths in 45# steel under laser irradiation
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Figure 7. Radial temperature distribution at different depths in 45# steel under laser irradiation
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