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Analysis of phase change and ablation of steel target irradiated by
continuous laser and composite laser
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Abstract In this paper, the simulation of ablation and phase change of SUS304 stainless
steel target irradiated by continuous laser and continuous/modulated pulse composite laser
and continuous laser is established. The temperature rise curve and phase change distribution
of steel target irradiated by composite laser and continuous laser are calculated and verified
by experiments. The dynamic grid method refers to the ablation process of steel target, and
the curve of the ablation and phase change depth with time is obtained. The above results of
temperature rise, phase transition distribution and depth of phase changing are in fair
agreement. According to the simulation and experimental results, the perforation of steel
target under the above laser irradiation can be divided into two ways: Vaporization
perforation and melting perforation according to the power density. When the output power is
the same, the speed of the 2.55kW/0.85kW composite laser is 41% faster than that of the
3.4kW continuous laser for the 20mm steel target, and the mass transfer mode is the joint
action of melting and vaporization stamping, and the molten material splashing phenomenon
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is obvious in the ablation process, which forms a certain degree of positive feedback to the
temperature rise and phase change and ablation process of the steel target.

Key words laser irradiation; steel target; phase change; ablation; numerical analysis
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Tablel Thermal property parameters of SUS304 stainless steel

Parameter Symbol/unit Solid phase Liquid phase

Density p/(kg:m3) 7200 6900



Specific heat Cp/(J-K-kg1) 711.8 711.8

Thermal conductivity k/(W/m-1.K 1) 22 22
Melting point Tm/K 1700

Boiling point Th/K 3200

Latent heat of melting Lm/(J-kg?) 2.47%x10°

Latent heat of evaporation Lv/(J-kg) 6.34x106
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Table2 Laser parameters

Parameter Symbol/unit Value
Laser wavelength A/nm 1080
Continuous laser power PO/kW 1.02.03.0
Modulated pulsed laser power P1/kwW 1.0
Modulated pulse frequency f/Hz 5

Pulse space ratio a/l 0.05

Spot radius ro/mm 510
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Fig.1 The maximum temperature of rear surface of 9mm SUS304 stainless steel target with 2.8kW output power
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Fig.2 The calculated laser absorption curve of the steel target
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Fig.3 Geometric modeling and meshing
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Fig.4 Under the spot radius of 5mm, the output power of 3.0kW continuous laser irradiation, 20mm-thickness steel

plate at 300s temperature distribution
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Fig.5 Under the continuous laser irradiation with output power of 1.0kW, 2.0kW, 3.0kW and spot radius of 5mm
and 10mm, the maximum temperature of the front and rear surfaces of the 20mm thickness steel plate was changed
within 300s
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Fig.6 The phase transformation and ablation response of the 20mm-thick steel target to the continuous laser with
output power of 1.0kW, 2.0kW and 3.0kW under the condition of the irradiation time of 60s in different spot radius
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Fig.7 The maximum temperature variation of a steel target irradiated by continuous/modulated pulsed laser
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Fig.8 The phase transformation and ablation response of the 20mm-thick steel target to the continuous/modulated
pulsed laser with output power of 1.0kW, 2.0kW and 3.0kW under the condition of the irradiation time of 60S in

different spot radius
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Fig.9 Comparison of phase transformation depth and ablation depth of steel target during continuous

laser and composite laser irradiation
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Table3 Experimental scheme
Experimental group Serial number  Spot radius/mm  Output power/kW  Thickness /mm
1 2.5 1.4 7.5
Continuous laser 2 6.5 1.4 7.5
3 8 3.4 20
Continuous/modulated pulsed laser 1 8 2.55/0.85 20
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Fig.10 Comparison of temperature rise curve and experiment on back surface of steel target irradiated by 2.5mm

and 6.5mm spot radius of 1.4kW continuous laser
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(a) Vaporization perforation at high energy density  (b) Melt perforation at lower energy density
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Fig.11 Two perforation modes of laser irradiated steel target
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