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Abstract

This study utilizes the COMSOL Multiphysics finite element software to conduct a numerical simu-
lation analysis of the process of irradiating silicon carbide (SiC) with a combination of nanosecond
and millisecond pulse lasers. By constructing a two-dimensional axisymmetric geometric model
and setting the corresponding material and laser parameters, the physical process of laser irradi-
ation of silicon carbide was simulated. The study examined the effects of individual nanosecond
pulses, millisecond pulses, and their combined pulses on silicon carbide. The simulation results
indicate that the temporal superposition of nanosecond and millisecond pulse energies can signif-
icantly increase the central temperature of the material. When the millisecond pulse laser energy
is set to 1000 m]J and the nanosecond pulse laser energy is set to 15 mj, an individual pulse can
bring the peak temperature of silicon carbide close to its melting point (2700 K). The study fur-
ther analyzes the impact of combined pulses on the central temperature of silicon carbide under
different delay time conditions and finds that the central temperature increase is maximized at a
delay time (At) of 2 ms. In addition, the effect of a water layer on laser irradiation was considered,
and it was found that the presence of a water layer has a significant impact on the temperature
rise effect of the laser irradiation process. This research provides a theoretical basis for under-
standing and predicting the effects of nanosecond-millisecond combined pulse laser irradiation on
silicon carbide, which is of great significance for exploring the application of high-performance
silicon carbide materials under extreme conditions.
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Table 1. Simulation thermodynamic parameters of silicon carbide
F* 1 BRUBERAERNFESY

Parameter Value
Young modulus/GPa 400
Poisson ratio 0.12
density/g-cnf3 3.2
Thermal expansion coefficient/K * 512 x10°°
Thermal conductivity/W-(m'K) 40
Heat capacity/J-(kg'K) ™ 710
Absorption coefficient 0.8~0.87

Table 2. Simulation parameters of nanosecond-millisecond combined pulsed laser

F 2. MR - EEAHOPHANTESH

Parameter Value

Millisecond laser wavelength/nm 1064

Millisecond pulse energy/J 0~20
Millisecond pulse width/ms 2
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Millisecond pulse spot radius/mm 0.5
Nanosecond laser wavelength/nm 1064
Nanosecond pulse energy/mJ 100~2000
Nanosecond pulse width/ns 10
Nanosecond pulse spot radius/mm 0.5
At/ns 1~10
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Figure 1. Geometry of nanosecond-millisecond combined pulsed laser irradiation of silicon carbide
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Figure 2. Target meshing diagram

Bl 2. $BM AR5y E

DOI: 10.12677/app.2024.143013 102 S A B


https://doi.org/10.12677/app.2024.143013

T &

2.3. K TJLfiREY
K 3 550 5B HAEE, EieiE ERIEEM T EE H N 0.1 mm F/KE. JUATRERE K Rkt

S 4 iR
Laser beam
Front surface B
v H;0 H a

] >
Symmetry L h
asis | /===
€ Back surface |
w
S — K
Zv /

Figure 3. Underwater geometry of nanosecond-millisecond combined pulsed laser irradia-
tion of silicon carbide
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Figure 4. Meshing diagram of target and water layer
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Figure 5. Timing relationship between nanosecond and millisecond pulses
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Figure 6. Nanosecond and millisecond temperature of the center point of the irradiated material separately as a function of
time
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Figure 7. Timing relationship between nanosecond and millisecond pulses under different delay conditions
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Figure 8. Relationship between the temperature of the center point of the material surface with time under different delay
conditions
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Figure 9. The relationship between the radial temperature of the material surface at the end of the nanosecond pulse with the
delay under different delay conditions
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Figure 10. The nanosecond laser energy is 15 mJ, and the temperature of the center point of the material surface varies with
the millisecond laser energy
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Figure 11. t = 2.3 ms, the nanosecond laser energy is 15 mJ, and the radial temperature of the material surface varies with
the millisecond laser energy
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Figure 12. t = 2.3 ms + 10 ns, the nanosecond laser energy is 15 mJ, and the radial temperature of the material surface varies
with the millisecond laser energy
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Figure 13. When the millisecond laser energy is 500 mJ, the radial temperature of the surface of the material changes with
the nanosecond laser energy
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Figure 14. Radial stress trend of the combined pulsed laser irradiation target
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Figure 15. Trend of axial stress of the combined pulsed laser irradiation target
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Figure 18. Variation of temperature at the center point of the irradiated material in nanoseconds and milliseconds under wa-
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pulsed laser irradiation material with time
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Figure 20. Radial temperature trend of underwater nanosecond millisecond combined pulsed laser irradiation material

& 20. K TABZEMEE HOPELERBMRMZERETLEE

FEIE 19 1, BATE B 7 AEK P AR BAT I SEIR I B, At BUEN 2.0 ms, 5JeHTa AR
SCEARE, THOERERRFFAZE, ZFWOEY 1000 md, EHEOEH 15 mi.

WK IR R AT, EREPREROF 7 B, KRR 7 4R R T e (R L . 256
iR IR, EAKTHEET, HE MK BOLHE RS 2R b a7 SO o I R A RE A RO, 5]
AT RIS, EII A L XIS e AR N T A P SRR A5 R . Il 20 PR, fE t= 2.3 ms i
Z, WREVEER A L RE S, MAKRAER M. 76 t=23 ms + 10 ns B Z, JEIEARME ) AR 1045 B0
filh DX A ) 242207 0.075 mm, - Bd B R i R A ) XS AE 7K TR SRR/ o IR A (R 9/ N T R AE 7K R A8
LR B 5 P BRI TR, 7 S0 R RE AR LS MK O] R B MR AORT 0 JE A

3.7. KTHEAEREEM N N5

3.0

- = = - =2.3ms+10ns
2.5F O — =2.3ms

Radial stress/GPa
- )
()] (=}

=
=

0.5

0 200 400 600 800 1000 1200 1400
Radius/pm

0.0

Figure 21. Radial stress trend of an underwater combined pulsed laser irradiation target
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Figure 22. Axial stress trend of an underwater combined pulsed laser irradiation target
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