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Abstract In laser cutting, the auxiliary gas and laser beam axis are typically coaxially arranged to ensure the same
cutting quality in each cutting direction. It is found that when the axes of the auxiliary gas and laser beam are not
coaxial (i.e., in an off-axis state), the cutting efficiency can be effectively improved. However, the influence
mechanism of off-axis state on the cutting process remains unclear. This study established a three-dimensional
symmetrical model of off-axis laser cutting with cut slits and simulated the laser cutting process with nitrogen as the
auxiliary gas using the finite element method. By changing the off-axis amount, the structure of the airflow field
structure of the auxiliary gas is analyzed, meanwhile, the influence of the off-axis amount on the dynamic
performance of the auxiliary gas was investigated during the laser cutting process. In addition, the influence
mechanism of the off-axis amount on the laser cutting was clarified by analyzing the simulation results, and it was
verified in a cutting experiment. Results show that the off-axis amount affects the dynamic performance of the
auxiliary gas, and the appropriate off-axis amount can effectively improve the quality of laser cutting.
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Table 2 Simulation parameters of off-axis cutting

Physical parameter Value
Sheet thickness /mm 2
Initial temperature of sheet /K 300
Nitrogen purity /% 99.9
Specific heat capacity
1.038
of nitrogen /[Je(kg*K) ']
Thermal conductivity of
0.0242
nitrogen /[We(m+K) ']
Viscosity of nitrogen /(Pass) 1.663X10 °

Velocity /(m-s™)

23 [ A WS AR N A ) S 4
Table 3 Physical parameters of solid and liquid mild steel

Material property Solid  Liquid
Density /(kgem *) 7850 6980
Specific heat capacity /[J«(kg+K) '] 477 748
Thermal conductivity /[We(m+K) '] 78.2 10
Melting temperature /K 1700 —
Heat transfer coefficient /[We(m+C) '] 30 —
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Fig. 5 Equivalent graphs of velocity distribution of air flow along cutting front at different off-axis amounts.
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Fig. 9 Equivalent graphs of velocity distribution of air flow along cutting front at different H values.
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Fig. 10 Velocity and pressure distribution curves of air flow along cutting front at different H values.
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Table 4 Experimental conditions for off-axis cutting of mild steel sheet

Gas pressure Cutting speed v /

at inlet /MPa (mmemin ')

Nozzle diameter

Distances from nozzle outlet to

d /mm

workpiece surface H /mm
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