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Influence of Tangential Airflows Velocity on Ablation Heat of Laser

Irradiated Glass Fiber Reinforced Resin Composites
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Abstract Ablation heat can be not only used to represent the capability in laser—hardening of composite, but also
to describe the laser processing efficiency. Experiments are conducted to analyze the influence law of tangential
airflows velocity at low subsonic and laser intensity on laser ablation heat of glass fiber reinforced epoxy resin
composites. It shows that laser ablation heat decreases rapidly with the incident laser intensity firstly and then
become stable at the same airflow velocity, when the laser irradiance is in the range of 100~500 W/cm®. The pivotal
point of the ablation heat is about 200 W/cm®. On the condition that the laser intensity is below about 200 W/cm?,
laser ablation increases with the airflow velocity with the same laser irradiation. On the contrary, laser ablation
decreases with the airflow velocity. Ablation mechanism analysis indicates that the variation of utilizing efficiency
of incident laser energy is attribute to the competition of multiple factors which include thermal diffusivity in
material, surface combustion of pyrolysis gas, oxidative ablation of pyrolytic charcoal, radiation induced energy
loss, and airflow denudation effect.
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Fig.2 Thermogravimetric analysis of glass fiber laminate in nitrogen (left) and air (right)
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Table 1 Laser ablating morphologies of glass fiber laminates at different laser intensities for three airflow states
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Fig.3 Typical high dynamic range pictures of laser ablating glass/epoxy composites
3.2 RMAMHANEZET AR
AN [) 3SR AT AR B 4 2 AR T BB O o BE A AL i An P 4 8 S s o i) DL RO 3 R A
SUAE I, g ol A 2 J2 51 B KO B 38 2 B 1 L I, 0TGP 3R AR B 206 W/em® Z 5 B A 22,
11300 W/em’ J5 # TRE -

[ —e-30ms / R —~-30m/s
0.06F —=50m/s / < 40[ = —=50 m/s
——70 /s / = L ——70 /s
i 2 35}
= 0.04f / 5 30f \‘
Z <
= | = 25
A £
Z 0.2} 3 20p
® o4
2 151 \‘;l/l
O 1 n 1 n 1 n 1 n 1 10 C_1 1 1 1 1 1 1 1 1
100 200 300 400 500 100 150 200 250 300 350 400 450 50
Average laser intensity /(W/cm?) Average laser intensity /(W/cm?)
[ 4 5Tt 45 2% B D' o A8 Al i 2 P 5 e P B 5 8 Al il 2k
Fig.4 Variation of mass loss versus laser intensity Fig.5 Variation of ablation heat versus laser intensity
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Fig.6 Variation of ablation heat versus airflow velocity for different laser intensities
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