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Study on the effect of water-mist on laser processing of CFRP

ZHOU Liao, LONG Yuhong, JIAO Hui, ZHANG Guanghui, LIN Ze, ZHAO Zhen, HUANG Yuxing, HUANG Ping

(Guangxi Key Laboratory of Manufacturing Systems and Advanced Manufacturing Technology, School of Mechanical & Electrical
Engineering, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: To study the effect of water-mist on laser processing of carbon fiber reinforced plastic (CFRP). A method was
used to process CFRP with a water-mist assisted laser. Theoretical analysis and experimental verification were carried out by
orthogonal experiment, multiple linear regression analysis, and optical instruments. The effect of water-mist on the laser
processing of CFRP was obtained, and the process parameters were optimized. The results show that the spot diameter of the laser
gradually decreases with the increase of nozzle height, nozzle angle, and the decrease in gas pressure. As the nozzle angle
increases and the gas pressure decreases, the laser loss rate decreases gradually. The nozzle height has little effect on laser
power. When the nozzle angle is 50°, the gas pressure is 0. 2 MPa, and the nozzle height is 30 mm, a depth-width ratio up to
5.303 can be obtained, and the laser loss rate is 1.473%. The internal characteristics of the kerf can be predicted by
establishing empirical formulas between the water-mist parameters and the machining quality. Finally, compared with the gas-

assisted laser processing of CFRP, smaller cross-section heat-affected zone and larger groove depth can be obtained by the water-

mist-assisted laser processing of CFRP. This study provides a reference for laser low-damage processing of CFRP.
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Fig. 1 Microscopic structure of CFRP

a—unidirectional multi-layer orthogonal CFRP structure model ~b—cross-section of CFRP  c—definition of machining quality

# 1 CFRP i EEHRYE SR
Table 1  Physical properties of CFRP

ind density/ thermal conductively/ specific heat capacity/ vaporization latent heat/ volume

e (kg - m™) (W-m™-K™") (J-kg™' - K™ temperature/K (kJ - kg™) fraction/ %
epoxy resin 1200 0.1 1884 698 1000 30
carbon fiber 1850 50( axial ) ;5 (radial ) 710 3900 43000 70
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laser processing of CFRP
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Table 2 Main parameters of quasi-continuous fiber laser system

parameter values parameter values
wavelength/nm 1064 peak laser power/W 4500
pulse width/ms 0.1~50 focused spot radius/pm =50

single pulse energy/] <45 ||scanning speed/(mm - s”') 0~200

TR EAE XY 286 EEy G RE, K
Z ZAGAFEIR(RR) VEE R g
W IS SRR . S R RS E N B UA,
SRR AR IR 55 T S0 A AR I Ao B R P 7K
WA S o ZE SR VE T S5 Ak, WEWE LSS
B IE OB K 25 BT A CFRP 2101, JE bRk 37 )
B VHE A BB 38 o ' i DX I A S BV E Ak, At
T AL (I EEF ELARYEFEI R 22 um ~3. 2 mm ) )
AR OB RE 23 [ 40 A B 2 FHO6 Th 3
(R R EFOEYR 50 W, &0 % KYEF 19 nm ~
11 000 nm) WA [F S5 T HOCYPRBIAE O, fH
DU YOG S U W Z s T B0 T I B e Al
1.3 A&

FEASCH, K S5 JF im s 7 CFRP BE [ 52 bR afcR an

Kl 3a fIT7R, WiHE R b 2T e O 0 B CFRP
FIMAMBEIE B BIEMA & ZHEmIHE .0 L 5KF
JrIa e (BRI 3b FiiR SRR ) p 45
BVSRRR R T R W = B A AR
JE JI A B SHEOG N T CFRP 49 HAZ R VR AR 55 1

A LA BT T =R R UKL 16 41 1F 38 S50 X
CFRP AT R VIR SC 56, SCi S50 3% 3 i, A&
SEE R HEOE T 2 S 80 WOt T %R 1800 W,
AR K 60 Hz, PIEIHE R K 3 mm/s, fk5%E 4 0. 1 ms,
OGRS 5 7K 55 S vl s TR 16 mm, 40 [&l 3b
o AT RRARIER 2, R AN T ESHK &
FE AT 4 R, LI 45 ORI 4 BRI S (EAE

A EER, R SHFESECT LSRR BEOED)
B i AT EE

siphon

a
water-film - giphof T focus-\aseT mlst Jet nozzle

Ow zone nozz}e, = ®refl Cthl‘l\ ﬂu d speed
- ~ resi
1 sidue 4and|d1rect10

S

" water- flow|direction
mist-jet

free et-impinge-
zone CFRP Jmentpzor%e

K3 kbl e K
a—/KFE il S b—IKFE RO A YR 7

Fig.3 Effect diagram of water-mist impact

a—diagram of water-mist impact physical —b—schematic diagram of the

effect of water-mist on the laser
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Table 3 Configuration of orthogonal experiment parameters

factors  nozzle height/mm  gas pressure/MPa  nozzle angle/(°)
level 1 10 0.2 20
level 2 20 0.3 30
level 3 30 0.4 40
level 4 40 0.5 50
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Table 4 Variance analysis of water-mist assisted laser processing of CFRP
response factor control factor degrees of freedom  sum of squares mean square F P R?
nozzle angle/ ( °) 3 23.543 7. 848 0.614 0. 630
as pressure/ MPa 3 109. 129 36.376 2. 848 0. 127
cross section HAZ iozz[l)e height/mm 3 140. 066 46. 689 3. 656 0.083 0.781
residual 6 76. 633 12.772
total 15
nozzle angle/ (°) 3 24174. 156 8058. 052 4.127 0. 066
gas pressure/ MPa 3 19038. 062 6346. 021 3.250 0.102
groove depth nozzle height/mm 6 13537.219 4512. 406 2.311 0.176 0.829
residual 3 11714.750 1952. 458
total 15
nozzle angle/ ( °) 3 1.482 0.494 6.953 0.022
gas pressure/ MPa 3 0.351 0.117 1. 646 0.276
depth-width ratio nozzle height/mm 3 0. 449 0. 150 2. 106 0.201 0. 843
residual 6 0. 426 0.071
total 15
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Fig. 10 Effect of gas pressure on the spatial distribution of the laser
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Table 5 Orthogonal experimental data sheet of water-mist-assisted laser pro-

cessing of CFRP

nozzle gas nozzle cross groove
group angle/ pressure/  height/ section HAZ/  depth/
number °) MPa o wm wm

1 20 0.2 10 98. 625 745. 000
2 20 0.3 20 95.375 592.750
3 20 0.4 30 102.875  611.250
4 20 0.5 40 101.125  548.750
5 30 0.2 20 106.125  613.750
6 30 0.3 10 98. 625 676.750
7 30 0.4 40 101.625  555.250
8 30 0.5 30 96. 125 633.750
9 40 0.2 30 102.625  681.000
10 40 0.3 40 103.875  619.750
11 40 0.4 10 93. 625 666. 250
12 40 0.5 20 99. 875 632. 000
13 50 0.2 40 112.250  775.250
14 50 0.3 30 105.375  771.750
15 50 0.4 20 97. 625 655.750
16 50 0.5 10 95.500 666. 000
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