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Thermal ablation law of nylon materials under laser irradiation
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Abstract; To obtain the thermal ablation law of nylon materials under laser irradiation, the infrared
imaging was used to explore thermal ablation phenomena of nylon materials under continuous infrared
laser irradiation. A camera and an infrared thermal imager were used to record the main phenomena of
laser ablation and its temperature field,and a comparison between experiment results and ANSYS sim-
ulation was performed. When the nylon was irradiated by using a 976 nm laser beam with an output
power density of 1X10° W/m? and a spot semi-diameter of 10 mm, the experiments show that the
temperature of nylon rises quickly at first, then ,expands, melts and decomposes. As time goes on,
the temperature of nylon changes slowly, and the melted parts degenerate into the spot edge. When
the temperature of nylon reaches certain value, it is no longer rise. Affected by beam quality, material
heterogeneous, melted parts degenerated and so on,it indicates that the experimental ablation results
and the theoretical results are slightly different, but basically acceptable, which verifies the feasibility
of the proposed method and ANSYS simulation.
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Tab.1 Material parameters of nylon at room temperature
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Fig. 1 Schematic of experimental devices for laser ir-

radiation nylon material
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Fig. 2 Light spot image captured by beam quality analyzer
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Fig. 3 Ablation morphologies of nylon at different irradiation time
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Fig. 4 Distributions of temperature field of nylon at different irradiation time



45 8 1] 5

3L A WOGHR BT JE T 27 4 4R I Fbe ok 2 2017

4 FHHREH AR

O A PRSP e RO B o i
FEAE AN MBI 0O BE 8 o 28 DX IR B2 5 R T A
A A U7 JRE 5 A Rk S R A B AR A T A AR
PRI S AL B BRI 280 00 2 R AR R RHR
B s 4 BEXT O BE B (Y IR 803 S 100 00 5 332 42
RZEAET A% A BHR B s A % 18 2 U AL

oG T
H(T){pCS(TS_T0>+pCX (T—1T.),
oC(T,—To)+pC" (T\—T) +pC(T—TD,

Ao 0 = ST e B

C MW LA LRy B o A T A,
P R 976 nm., JEBE 0 Ak 1 T R %

S 1X10° W/m®, JEEE4E R 10 mm 19 & B4 A

X b RHRLEE 3 1 s

A BT ANSYS [ APDL(ANSYS
Parametric Design Language) & 5 % il = S L 72
¥ F =48\ 5 SOLID 70 #5440 #r B 50 B 40 b
BHE) = 2R IR E 3%, A& B oC ROSF 2 0.6 mm
X 0.6 mmX0.1 mmi', FIHZFE 1 S50 5056 3
TTBUED B . fEFEAT ANSYS 43 #r A, 3 iR (1D
TR ARG,

T, <<T<T,
T.<T<T, @)
T<<T

PR RS @ e A R L A [R) B 22064 R IR BE 35 43 A 1Y
BAEBAULE R & 5 s, Kl 6 FraR e 13k
A (x=0 mm) Fl ~FMH (x=1 mm) 70 55 bifi B[]
78 Al B T EE TR

= - 1
20 76,113 132225 188138 24445 20 101188 182376 263.563 344.751 20 110,309 200618 290.927 391236
48056 104169  160.282 216394 272507 60.594 141,782 22297 304,157 385345 65,155 155464 245773 336.092 426391

(a)t=2 s

(b t=4s

(0)t=6s

5 A [l i 20 4t B2 37 oA 4]

Fig. 5 Distributions of temperature fields at different time
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Fig. 6 Variation of center point’s temperature with time
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and simulation
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