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Abstract The precision machining and assembly requirements of poly(p-phenylene-benzobisoxazole) (PBO) fiber-
reinforced composites cannot be satisfied using direct integral forming or traditional machining methods. First, we
cut PBO fiber-reinforced compositions using different picosecond lasers (with wavelengths of 355 nm and 1030 nm),
apply a progressively downshifted focus, and implement multi-pass scanning strategy. The cross-section
morphologies of the processed samples were observed using scanning electron microscopy, and the mechanisms of
material removal and thermal damage of the materials were analyzed. Finally, the cutting quality and efficiency were
related to the laser parameters (laser power, scanning speed and direction, and pulse repetition rate). The UV
picosecond laser achieved “cold processing” and a photochemical effect with high cutting quality. The downshift of
laser focus with the machining process effectively improved the machining quality and consistency of the material
cutting surface. The high-quality and efficient material processing can be achieved with laser power of 8 W,
repetition rate of 400 kHz and scanning speed of 1000 mm/s.
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Table 1 Laser parameters
Laser Average power /W Repetition rate /kHz Pulse duration /ps Focus diameter /pm
UV laser 0-15 1-1000 <15 ~20
IR laser 0—100 1-400 10 ~25
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Fig. 1 Laser processing system (insert: scanning strategy)
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Table 2 Thermal properties of materials

Property PBO fiber Epoxy resin
Decomposition temperature /K 930 440
Heat conductivity /[We(m+K) '] 0.52 0.1
Specific heat capacity /[J+(kg*K) '] 1700 1884
Density /(kgem °) 1560 1100
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Fig. 2 Parallel section morphologies of PBO fiber-reinforced composites processed by UV picosecond laser.

(a) Macroscopic section picture; (b) microscopic section picture; (c¢) SEM picture
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Fig. 3 Vertical section morphologies of PBO fiber-reinforced composites processed by UV picosecond laser. (a) Macroscopic

section picture; (b) microscope section picture; (c¢) SEM picture of upper section; (d) SEM picture of bottom section
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Fig. 4 Section pictures of PBO fiber-reinforced composites processed by IR picosecond laser. (a) Upper part of

vertical section; (b) middle part of vertical section; (c¢) bottom part of vertical section; (d) parallel section
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Fig. 5 Molecular structure of PBO fiber and epoxy resin. (a) PBO fiber; (b) epoxy resin
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Fig. 6 SEM pictures of cutting section after adjusting parameters. (a) Upper part of section;

(b) middle part of section; (c) bottom part of section
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Fig. 7 Influence of laser power on kerf depth under different conditions. (a) The laser scanning direction is parallel

and perpendicular to the fiber axial direction; (b) with and without compressed air
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Fig. 8 Circular cutting of PBO fiber-reinforced composite. (a) The upper surface parallel to the axial direction of fiber;

(b) parallel section photo; (c¢) the upper surface perpendicular to the axial direction of fiber; (d) vertical section photo
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Fig. 9 Variation of kerl depth with scanning speed and the comparison of laser processing efficiency at different

scanning speeds. (a) Variation of kerf depth with scanning speed; (b) kerf depth at different scanning speeds
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Fig. 10 TIllustration of spot overlapping

JEBE ELAR A AE T, Ot BE & A R/ 5 K b
SRR OG0 8 L B B A . 7R K ST I E] L 3
R SRS Sl R Y Z AN T DL BE R B R R AR
V)

R =

D;v/lef(L), D

D f XD

Ko RARBOCH MR £ FRm kb E 2 0%
D RAPOCRENHEM ER, Hit L R ES R
TR AR 1 2 B A0 R ey, U ) 2R T O A R
HR A (1) 2 AT 15 21 45 F 5200 4 6 7 A Ol B 45 4,
# 3. a3 AT LLE I ko B RO
B SRR,

#* 3 kb E AR 5O BEE & R IRk

Table 3 Spot overlapping and pulse repetition rate
Pulse repetition /kHz 50 100 150 200 250 300 350
Spot overlapping /% 0 50 66.7 75 80 83.3 85.7
Pulse repetition /kHz 400 500 600 700 800 900 1000
Spot overlapping /% 87.5 90 91.7 92.9 93.8 94. 4 95
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