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Pulsed laser ablation CFRP material process optimization

CAI Song'?*, SONG Jinchao®>, WANG Yaoyao®, CHEN Da”, DENG Kai®, TANG Yinghong® , LI Qi'"
(1. School of Intelligent Manufacturing, Wuchang Institute of Technology, Wuhan 430065, China; 2. School of Mechanical Engi-
neering,, Hunan University of Technology, Zhuzhou 412007, China)

Abstract: In order to study the ablation quality process of carbon fiber reinforced plastics( CFRP) with 20 W nanosecond
laser, theoretical analysis and experimental verification were carried out by the single-factor experimental method and photo-
section method. Effects of scanning speed, peak power, and defocus amount on the surface processing quality of the material were
studied. A piece of 0. 5 mm thick CFRP was ablated in experiments. The results show that adjusting the defocusing amount made
the focus of the laser and the material plane at the same horizontal height, which could minimize the scanning line width, reduce
the heat-affected zone and improve the laser energy utilization. When the laser scanning speed is 220 mm/s and, the peak laser
power is 10 W, the average surface roughness of CFRP composite is the smallest. About 3. 50 wm, and the roughness data
stability sample difference is the best, about 0. 133 pm?®; the laser process parameter combination method ablation CFRP
composite materials can obtain ideal processing performance. The above research for pulsed laser processing CFRP material
process research provides some references and lays a certain practical foundation for the application of pulsed laser processing
composite material process.
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Fig. 1 Schematic diagram of the process of laser processing CFRP materials
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Table 1 Laser etching line process parameters

laser laser repetition scanning pulse

power  wavelength frequency time width hghtthosl
P/W A/mm f/kHz /s t/ns o
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Table 2 Different line widths per unit grid correspond to laser power density
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Table 3 Laser processing process parameters
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Table 4  Surface roughness data sheet after cleaning

laser power laser scaning speed

surface roughness value R,/ pm

P/W v/ (mm - s7") measuring point | measuring point 2 measuring point 3 measuring point 4 R/ i 5/’
300 7.58 5.61 7.35 7.69 7.06 0.951
2 220 4.85 5.05 5.70 5.40 5.25 0.142
300 12.20 14.67 11.17 14.76 13.20 3.238
N 220 5.26 6.12 4.56 4. 80 5.19 0.473
300 7.92 11.03 6.82 14.02 9.95 2.015
6 220 6.39 6. 15 7.10 8.17 6.96 0. 821
300 4.54 6.47 7.04 6.01 6.02 1. 144
s 220 5.10 5.62 5.65 5.88 5.56 0.176
0 300 4.68 5.99 4.56 6.13 5.34 0. 697
220 3.50 4.30 4.52 3.88 4.05 0.133
AR, B R, 0 53004 LB E LRGP 16 I
SRR, A SO n=4, 14} ~+-v=220 mny/s.R.
MBOEIN KN 2 W L, BEA % S 48 2] V%0 maeR
0.951 pm?(v=300 mm/s) A1 0. 142 pm’(v=220 mm/s) ; £ <\ 00 e
UROETIES 4 W FEA 2 § 4051 3. 238 < gl \ |
(=300 mm/s) F1 0. 473 wm’(v=220 mm/s) ; 24 #OE 6 N
R 6 Wi, BEAR T 22 S* 43 B 2. 015 pm’ (v = 4y =

300 mm/s) A10. 821 wm’(v=220 mm/s) ; 4EEIFE K
8 W, BEAT 22 S* 4050 1. 144 pum® (0 =300 mm/s )
F10.176 wm’(v=220 mm/s) ; MIHIETIFHN 10 W B,
FEAR T 2 S* 4392 0. 697 pm® (v = 300 mm/s) Fl
0. 133 pm*(v=220 mm/s) , TS IR TR B2 FI%L
P PEREAS Ty 25 B OGS ZE RO A 4 32 4 1y 1 A
FUEINE 13 Fi

3.5

3.01 v=300 mm/s
25+ sample variance
‘B 20¢ o/

= 15 \

B y=200 mm/s

. 0,
1.0F  dsample variance

0.5¢
0.0

O

\
.

2 4 6 8 10
PIW

K13 Bdikse e reA )y 22 $° AR bR
Fig. 13 Variation of sample data stability variance S*
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Fig. 14 Change law of surface roughness
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AR T ) A7 P e ] /NS o 1 B SR i 75, 3L
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MRS EZBOEE TR, . F7.06 pm F15.25 um,
O FR— TR IR I B T 4 W A ) O RE
HE— 25N, XoF AT XA 3 1T 9 R SRR B i — 25 A
FR RV R SR B DX 3y b [ ] U] R R S Ao 42 30
PR FE I FIREFLE TR, Mokt 2 1 1) 21
PARAZ AR BN T T A RELRE JE ; [] Bsf BA SRR T
TERREFAE Il T A JEE 2 R 0 1 S8 i )22 52
PORYY IS 5 e 27 4 Sl o3 B, X5 1 A4 Rk R 1
HUBERE W P=4 W AR ,R, , =13.20 pm(v=300 mm/s) ;
4 P=10 W B, CFRP B RMRA 2% 1 B2 AR #  , Ie i
i £ A OO R 1 1) 285 1 3R R, R 43 I S g
BN R RIBRET A28 R A5, BT Bk A RO E AR I, &
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Ak AR PR CO, , IR CFRP A RHOR 26 80
LR, ,, TEMEAb /N, 539078 5. 34 pm(v=300 mm/s)
1 4.05 pm(v=220 mm/s) .
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