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• Introduction

➢ Aramid fiber reinforced plastic (AFRP) , a key material for satellite

antenna due to its excellent mechanical and electromagnetic

properties.

Figure 1 Cloth made from aramid fiber and satellite antenna made from 

aramid fiber reinforced plastic (AFRP) 

➢ Subtractive manufacturing, such as edge-cutting and hole-making,

becomes almost indispensable production process for AFRP products.

➢ Strength, toughness, inhomogeneity and anisotropy of the material

create a long-standing problem to its mechanical processing

technique, resulting in a low precision and low efficiency with notable

machining defects.

Figure 2  Typical morphology of a Φ3mm hole by mechanical drilling

➢ Despite the significant advances in ultrafast laser processing of

carbon fiber reinforced plastic (CFRP) during the past decade, little

attention has been paid to the AFRPs whose optical and thermo-

physical properties are distinct from carbon fiber

➢ It is of great significance for practical application if the current

problems can be solved by ultrafast laser processing

• EQUIPMENT AND EXPERIMENTAL SET-UP

⚫ Laser

➢ Domestic CNC machine tools equipped with femtosecond or

picosecond laser was used in the experiment and production.

➢ The femtosecond laser source: linearly polarized; pulsed

Gaussian beam; triple wavelengths (1030nm, 515nm and 343nm);

FWHM pulse duration 260 fs.

➢ A picosecond laser: 1064nm and 532nm wavelength; pulse

frequency 0.05-40MHz; average power (P) ≤30W for the 532nm

wavelength.

➢ The set-up of the picosecond laser processing system is similar to

that for the femtosecond one.

⚫ Materials

➢ The modified epoxy resin (named as 4211) and its aramid fiber

(Kevlar49) reinforced composites (namely, the Kevlar49/4211)

➢ The “Kevlar49/4211” laminates have a Kevlar fabrics orientation of

([0/45]1) or [0/45]2), owning a thickness, respectively, 0.50mm and

1.0mm.

• RESULTS AND DISCUSSION
➢ Linear optical response of the materials

Figure 4 Transmission for the 4211 resin and the “Kevlar49/4211” AFRP 

laminate (both are 1.0mm in thickness)

➢ Material laser ablation by different wavelengths

Figure 5  The NIR wavelength: Influence of pulse fluence and scan speed 

on the formation of carbonization in the ablation region

Figure 6 Typical microscopical morphology of carbonization-free AFRP 

processing by short (green or UV) wavelength ultrafast laser

➢ Possible physical explanations

Figure 7  Ablation threshold as a function of laser pulse number for the two 

components within the AFRPs (namely, the Kevlar fiber and the 4211epoxy 

resin) at two different wavelengths

➢ Application in laser trimming of satellite antenna

Figure 8  Picosecond green laser cutting of AFRP sample and the satellite antenna

Summary/Conclusion

➢ The influence of laser wavelength, pulse duration, fluence and

scan speed on ultrafast laser processing of AFRPs were studied,

with attention paid to the carbonization of the processed region.

➢ The effectiveness of using shorter wavelength was demonstrated.

A practical application in astronautic industry was demonstrated.Figure 3  Schematic diagram of laser processing system
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