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Simulation analysis of thermal effects of protective sampling
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Abstract: Detector array target is a common device for measuring the distribution of laser spot, and the
sampling panel of array target needs higher damage resistance under long-term high-power laser
irradiation. In order to improve the damage resistance of the sampling panel, based on the finite element
analysis software Ansys Workbench, from the perspective of thermal design, the research compares the

temperature field and thermal stress of the protective sampling panels with different thicknesses, different
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heat pipe arrangements and different interface heat transfer coefficients under long-term high-power laser
irradiation. The analysis results show that after adding a cross heat pipe arrangement, the withstand peak
power density of the sampling panel with a thickness of 6 mm increases from 1470.9 W-cm™ to 3632.1 W-
cm”when the laser irradiation lasts for 120 s. This simulation analysis provides effective theoretical and

data support for the design of protective sampling panel for array target.

Key words: laser technology; detector array target; finite element analysis; thermal analysis; static

analysis
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Fig. 1  Structural representation of array target and sampling holes
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Table 1 Material property

Parameter Aluminum alloy Copper alloy
Destiny/kg*m’ 2750 8306
Youngs modulus/MPa 45000 1.1x10°
Poisson's ratio 0.33 0.34
Isotropic thermal 120 400
Coefficient of thermal 2.1x10° 1.8x10°
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Fig.2  Schematic diagram of laser position and three-dimension distribution diagram of laser spot.

(a) Laser position; (b) Laser spot distribution
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Fig. 3 The curve of panel equivalent stress with peak power density. (a) Aluminium alloy; (b) Red copper
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Fig. 4  The curve of tolerance peak power density with the thickness of the panel
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Fig. 5 Schematic diagram of temperature distribution on protective sampling panel
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Fig. 6  Schematic diagram of heat pipe arrangement. (a) Horizontal arrangement; (b) Cross arrangement
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Fig. 7  Curve of equivalent of panel with peak power density under different interfacial heat transfer coefficients.
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