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Table 1 Properties of Kevlar-29 substrate

Materials Density/ Elastic Thermal expansion Decomposition Tensile Interlaminar shear
(geem™) modulus/GPa  coefficient/(X107°°C™")  temperature/K  strength/MPa  strength/MPa
Aramid fiber 1.45 112.4 2.7 800 3000 48-69
Epoxy resin 1.1~1.3 1~2 56.8~62.4 440 650~850 —
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Fig.1 Schematic diagram of the femtosecond laser processing system (laser model: FemtoYL-50)
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Fig.2 Heat affected zone along the edge of the femtosecond laser drilled hole
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Fig.3 The taper diagram of AFRP after laser drilling
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Fig.4 Schematic of laser scanning trajectories of AFRP drilling
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Fig.5 Machining results with different laser scanning trajectories of AFRP drilling
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Fig.6  Surface morphology of holes at various repetition rates and laser power
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Fig.8 Surface morphology of holes under different laser powers and scanning velocities
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Fig.9 Scanning electron microscope image of hole edge of the laser drilled sample at 5 W@200 kHz
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Fig.12 Hole wall morphology of AFRP after drilling with 100} magnification.
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Characteristics and Properties of Femtosecond Laser Drilling of
Kevlar-29 Substrates

CHENG lJian'*, LI Jiale', ZHANG Zhiwei', JIANG Sheng', ZHANG Peng’,
ZHAI Zhongsheng'’, LIU Dun"’
(1 School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China)
(2 Hubei Key Laboratory of Modern Manufacturing Quality Engineering, Wuhan 430068, China)

Abstract: Aramid Fiber Reinforced Plastics (AFRP) are with excellent physical properties, but defects
such as burrs and damage may result from traditional mechanical drilling methods, whereas the potential to
avoid these issues exists in laser drilling technology. However, thermal effects would induce severe thermal
damage to AFRP components during the ablation process by continuous wave laser or nanosecond laser. It
is suggested that ultra—short pulse width of ultrafast lasers can effectively suppress thermal diffusion.
Accordingly, drilling experiments were conducted on one of the AFRP substrates, i.e., Kevlar-29 by
using femtosecond laser in this study, aiming to improve the quality of laser drilling, reduce thermal
damage and thermal influence zones during laser ablation, enhance the geometric accuracy of circular
holes, and optimize the processing parameters of femtosecond laser drilling. The experimental material is a
2 mm thick Kevlar-29 fiber-reinforced composite, the laser focal plane is set at half the thickness of the
material, and the designated hole diameter is 6 mm. The laser wavelength is 1 030 nm and the pulse width
1s 480 fs. Firstly, the drilling effect of two scanning strategies, cross—scan and concentric ring scan, was
compared, and the scanning strategy with superior drilling effect was determined. Furthermore, the
influence of laser processing parameters (laser power, laser repetition rate and laser scanning speed) on
drilling quality was analyzed using orthogonal matrix experiments. Confocal microscopy and ultra—depth
microscopy were used to observe the circular hole morphology after laser drilling, and the size of the
thermal influence zone was measured. The effects of laser power, scanning speed, and repetition rate on
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circular hole morphology, thermal influence zone size, and geometric accuracy were analyzed. Finally,
quasi—static tensile tests were conducted using a universal tensile testing machine, and the tensile strength
of the samples after laser drilling was compared with those by using mechanical drilling processes. It has
been found in this research that concentric ring scanning is more efficient than cross—scanning and the
roundness of hole topography of concentric ring scanning is better. Within a certain femtosecond laser
processing window, the overall size of the heat—affected zone will gradually increase as the laser power
increases. Nevertheless, this increasing trend of heat-affected zone develops when the repetition rate is
reduced, or the scanning speed is decreased. Moreover, a larger heat-affected zone and surface damage can
also be produced if insufficient burning happens due to inadequate laser power. The optimal laser
parameters for the heat—affected zone are a laser power of 5 W, a scanning speed of 1 050 mm/s, and a
repetition rate of 200 kHz. The decrease in the taper angle of the femtosecond laser drilled hole is
proportional to the laser power increasing and repetition rate decreasing. When the laser repetition rate is
200 kHz and the laser power reaches 9 W, a minimum taper angle of the hole is obtained as 6.99",
meantime a relatively large heat—affected zone is produced under these process parameters. It is found that
the optimal taper angle of the hole is 14.10° with the least heat-affected zone. The tensile strength of the
material after femtosecond laser processing is similar to that of traditional mechanical processing, but the
fluctuation of tensile strength test performance is smaller. It has been indicated by the results that
femtosecond laser drilling of Kevlar-29 fiber-reinforced composite is not a completely “cold” process, as
thermal damage to the fibers and the surrounding matrix material is seen which is caused by the poor
thermal conductivity of aramid fibers, hence resulting in the appearance of a relatively small heat—affected
zone. To summarize, the use of appropriate laser parameters for femtosecond laser drilling of Kevlar-29
fiber-reinforced composite can effectively reduce the size of the heat-affected zone and improve the
geometric accuracy of the hole so as to meet the requirements for precision and strength in related
application fields.

Key words: Laser processing; Femtosecond laser; Laser drilling; Aramid fiber reinforced plastics;
Surface quality; Geometric accuracy; Tensile strength

OCIS Codes: 140.3390; 160.4890; 350.3390; 120.6810

Foundation item: The Open Project of Hubei Key Laboratory of Modern Manufacturing Quality Engineering (No. KFJJ-2022015) , Hubei
Provincial Natural Science Foundation of China (No. 2022CFA006) , the Science and Technology Major Program of Hubei Province (No.
7ZD7X2020000013)

0752309-13



	1.1　试验材料
	1.2　试验设备及方法
	1.3　加工样件的表面形貌及锥度表征
	2.1　扫描策略优化
	2.2　激光参数对HAZ表面形貌及加工质量的影响
	2.3　激光参数对圆孔精度、锥度以及孔壁表面影响
	2.4　样件制孔后拉伸强度分析

