505 F 148/2023F 7 B/HEEL

I 25 0 D1 A SO 5 BT 20 B S R A
52 0 bk S 4L

WE, BA, AXE, B2 8, REA", 2R, L%, HE

R T RSB, TLJR BEat 210094

FE SRR N 1070 nm 19 3% S 3060 W3 5 U 17 23 S0 B 58 2F 4 39 50 ) i i 52 5 MR (GFRP) 18 28 FL 3500
PEAT THFSY . 8 S AFSE T o)) 3R %5 3 (848~1556 W /em®) FIIJ [ A i i 3 (O~ 14> Sy 0 % 28 FLIE 30 L 28 FL S
T FE 0 2 FL IR ) B S0 45 SR e W ) 1) AT R 0.5 4 T ik A (M) ik #4257 FL st 1] i 2 2 58 B 109 388 ot g Dk /)
T KRN T 4650 5 Ty 3 4% 1 5 848 W /em” I 2 L I [ il A 78 90 2 (14 386 o 52 S sk /N 5 48 I i B A, 5 BRI
(0 Ma) i #H LY, 35 KA /N 8 V0 o TG Ty 258 %8 J3 14 38 Jim Jon sl 1 A AR 1) ™= A, (A5 L BR R 0 v, 42 2F T B A 1
Fl ik, G0 128 AU AE FH A B 04 5 ) 32 AR < R TCAR I S AR AR T A 1 ke e B e T oA SR R o T =
A=) 1 BT Y0 3, 0 R A A 2 3 e X A A A R AR A T . 2 W ) AR AN (20,4 Ma) i), D) )
AU VR Y 32 R A R AR BRI AR e B e, B A R R W O 2 2 B0 s A A R (0.8~1.0 Ma) B, A

4 ¥ VR T R BAT 4 R WA

KR WOLIL WO ELMOL; BRI AR SR IR L A S AR DT A R ALY

FESFES TN249 XHEARERD A

1 5 7

A MR D B T AR AS S R LR B
FECBE A | 5 B0 95 1 AT ppE AR T R BORIR
ik RECGFE R 1z a8 HAEATZS LR 3838 iz i LT
FEhh EIT AR E RE A T @S E . Hd,
BT RE L R BE RS A 4R R W s R E A MR
(GFRP) PH it B 55 5T ot 58 R FEL P B A S 1 W D L
TF2E A RO A AR RIUIR S R AT A% R 2R B M R
BITT e . Rl S RE O E AR B & T B 5 O X Bl B
YGRS SR E AL B T EE
2.

Bl N AMIE 58 B T HOCHVE R 2 A MR B L 3
YEAT T KEIAFSE . Henderson 2 SE B4R 5T T il
SZA MR I M S B0 AR AL R AR R S G 5K
P13 2] T2 A MR B T A R BRI B Y AR T R .
Dimitrienko % F 58 T il T &2 A MR TR EE 37 34
N353 AT % B TR AR B AR ik Ak AR Y R AR
SR SR A A B E R AR RS E R T
2 1) SR AL I Y T RO A X R A AR A
B 3 0 52 M) KL, 235 SR 36 B SO 4 A BB, ARG
JO7 55, 2R BRASCRBRAIG, R R TR 22 . B0 AR

DOI: 10.3788/CJL221066

M COBOLRRBITE T A RIHOESEUT i 562 5 MR Y
Jo R A5 2R AR, LG e BLAE BT Y o R R AR A2 A
PO 5 EE NG BE ELAR 1 52 W ALK, 52 4 IR I 1) A4 5 )
Boho I RSO B R B A K
AR T GERP 28 £L BT 75 1Y BE 2, 30T Zh 3 4% B2 A AR
FUAA BRI AR BT o AR T B Jm AR OB I TR
Ji B2 52 5 A ORL I B A B IR A TR Y BE R R L )
B B Y BE R S B, AR LT AR SR ARl
L BEE PR AR 09 BEAT KA 52 4 IR 10 5k O Y
TEMRRRIZ , R B0 B RE & 2 kA RN BT, B iy A1k
{0 R S 2 A TR Ay 2

WOEAE T GFRP B SN S0 1Y A7 7E 23 X HE A 114
Bt L] = AR BRI o BRERPN A SRR R B —
5 T, Y e 23 S0 BN 282 I 5 B OO SO Y
AR, B T8 A Y SRR, sl g i 5 A 1 e 5 G
U, U] SUIRL B A A 2 s o 3 8 A, 3 T o o A ek 2
TV 50 A SO0 B U R 28 R 2 0 Rk A S
e IR o A LA K A ORE B N R R A — E Y
g

O 22 BR AR RAT i R N RS BE e A
b THAR T LA BT 2 I, BT E 8Tz 6
T HOEIT L EOL YR OB b HOE O 2 55

Wi BHE. 2022-07-19; EEBHH. 2022-08-22; RA B 2022-09-28; MEHEZBHE . 2022-10-09

HEEWH.: HEAKF:E4(61805120)

BE1EE . yunxiangpan@njust.edu.cn; “hongchao@njust.edu.cn

1401002-1


https://dx.doi.org/10.3788/CJL221066
mailto:E-mail:yunxiangpan@njust.edu.cn
mailto:E-mail:hongchao@njust.edu.cn

B HATE WA T O & A bR B 9T
LR ARG R SR B SR ) fE R RE AR AR
HE A B Dl ML 5% A A U0 1) 2SSO R ARG
ZEFLN I FE 4/ o AR Gl SE BRI AE T VI M) S R
FAE R R 3% 22306 (P K A=1070 nm) % B8 GFRP (¢
ZEFLAIN 43T TS [ 3806 ) 3 5% B A [ 1) 1) 28 K
Tl T GFRP (AR 43 A e TR 45 A28 LA .

2 SLERE

S R AL L R, S0 5 R FH AR K R T R
20 kW BELFOE 25 (A=1070 nm) 5 GFRP A HAEH .
20y B e Ia /ANER 3 BE B B O A ST DR X
WOE T R AT SRR SR R BE B M OE & B B R
BIETEEAN ZE GFRP £, 256 0 0] 38 i 18 17 15 BE
5 GFRP 11 2Z 0] i BE 2 ok 758 il Y6 3 K/ A 52 55 v
KB OEEE B AR R 3 em. 78RR i B 1) 25 K
S A R = R WA S 2y | W L B L S o= N
) £ A9 o, 5236 v R A9 23 AR R R Y LR 0~1

1070 nm continuous
wave laser

computer

power meter I-"

$£50%5 £ 14H/2023 £ 7 B/ E#Ex
A kg (Ma) o 5256 H3d ik Fe 07 3 552 B it s 8 ey o
D) ) 23 00 I R T, TR 0 A e e A
T & 2048 AR A )0 S5 BB R 5 2% 1 A0 iR
AT B o 21 A FAAR AR w37 B (R] K 6 s, AR R
0.01~1.00 "] I, f5e /N4 BURE ) B A 20 mus, et B U 45 51
Fil oA 350~3500 °C, M 52 i 21 7 AAF AL 1) K 5 R 15 8
SR 0.8 B A e T IR b A 9 o A R I 0 3 K
([IEAN = o A e d W e W v - I R N |
Rl 4 RE L BE , 6 I Y 3R BE o AT L v 2R LA R B
A TR LD, 4 B g LA A A TR R 2 R IR
FEBCIE | 2 ) 2 L A R BE Bl IR ) Y 28 Akl 2,
i 2 B 20 R BE R B 2] e SOk B R Y o AL R
2o R IR N G S5 1) GFRP, R5F 24 10 em X
10 em X8 mm , Mg B 0 550G BE 0 A FE B 3 em,
TG T R R AL B R o S B8 AE — A A AT Y
G ) 0 E R EAT , BEAR AN BB B XS LI Y 5, A
T rpde G R A DA CHE B O e il A Y AR

NN

lens ‘

scatter
plate

| thermal imager
\|

smoke extraction
device

BT Sco g vl
Fig. 1 Experimental setup

A E I M = o 1 7 e W B N
(0.5 Ma) i} 34 3 3R 3% FF (848~1556 W /cm®) L I i
I Bl % BN AR (848 W /em?) I I i) 25 A3 (0~
1.0 Ma) X A1 MG iU 350 I BE 35 23 A F12E L[] 9 5%
Wl R SECT $EAT =R B L5 LAUR FR S B8 1Y
TR

3 SLWEIRE

3.1 HAIERZEX GFRP FFLAIEE

B 245 T Yl 28 S R 0.5 Ma it AS [A] 306 2
REEAER T WA ZE LB S . fF BB N O E],
WO KM GFRP 28 £L A B I 32 284 308 21 4R mil 5 12
FBE S5 R FL A AR Y s 0 BRCIR G Rl A
Tk A I AR A RGBS A O T R R Gk
848 W /cm’ I, 78 §E A4 o FE T T AU Ak HH B 2 L X 3
HZEALIX R SE /AN TR BE A8, A 28 FL Xk i A1 A it 3

TRG5 W o BB b s o 40y % B ik 1) 990 W/ em?
L EAE SR ARG em) M. s, BEE D
W — 25, BOR 2 AL KB RN B B
MR AR A . =2 AR S SRR E R, R
Flt %) B 5 2T A R A A T UK A SR T (& 2 A I
PR ), L RS B DX 3 18 /DN B Ty 23 45 B 1 185 T 38 947 344
Koo BeAh, VI SR A B A T BOT KX H AR
T2 (R PR, 7E TR % 5l 1556 W/em’ B, GERP R X
X C H P A 2R i B, i E 2(6) 5 FEAE B
& 3(b) K 25 S H 0.5 Ma, T 28 %5 BE 4 51 K
848.1131.1556 W/cm” iy GFRP ¢ £L 5 i4 i TH il £& .
SRR B L, R WOCYE T GFRP %8
FL A A IR T R TP, 38 38 e v R T A A IR () B
M T 8 35 B 1) o e R TR = o A MRRIR T il £ B A
MR A 3N, 5 A R A R R R B e 1Y JR R IR T il
LR BLAT IR AN B S GFRP 2R h sk iz Fn

1401002-2



E£50% F 14 H1/2023 £ 7 B/HEH*;

B2 Y as Sy 0.5 Ma AR [ 8O 2 5% 85 8 F 19 GFRP BB A . (a) 848 W/em®; (b) 990 W/em®; (¢) 1131 W/em® ;
(d) 1273 W/cm?;(e) 1414 W/em?; () 1556 W /cm”
Fig. 2 Ablation morphologies of GFRP under different laser power densities at tangential air flow rate of 0.5 Ma. (a) 848 W/cm*;
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Perforation Effect of Continuous Laser on Glass Fiber Reinforced Polymer
Matrix Composites Under Subsonic Tangential Airflow

Chen Geng, Tang Jie, Zhou yiqing, Pan Yunxiang , Zhang Hongchao™, LiZewen, Shen

Zhonghua, Lu jian

School of Science, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China

Abstract

Objective

Glass fiber reinforced polymer (GFRP) with excellent wave-transparent properties are the preferred choice for

optoelectronic devices and microwave dielectric materials owing to their high strength, light weight, and excellent electrical

properties. Traditional cutting techniques for processing GFRP have problems such as severe tool wear, low efficiency, and low

accuracy. The application of laser processing can solve these problems and has broader application prospects. However, some
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problems remain in the processing of reduced materials by a single laser beam, such as the shielding of the subsequent laser by the
pyrolysis gas, transformation of the target absorption mode due to incomplete pyrolysis of the residual carbon, and irregularity of the
ablation morphology. The laser processing assisted by tangential air flow can solve these problems and improve the efficiency of
material processing. In this study, a detailed investigation on the target perforation time, ablation morphology, and temperature
distribution on the ablation surface under different power densities and tangential air flow was carried out. These results are helpful for
improving the processing efficiency and profile of GFRP.

Methods A fiber laser (wavelength of 1070 nm) with a maximum output power of 20 kW was used to interact with the GFRP in a
relatively confined metal target chamber. Tangential air flow was provided by an air compressor and flowed out through a nozzle, and
the air flow rate was measured using the Pitot tube method. A manometer was used to measure the pressure of the tangential air flow
output from the nozzle; therefore, the stability of the air flow was monitored. The range of air flow rate used in the experiment was
0-1.0 Ma. The temperature evolution from the front and rear surfaces of the target was recorded using an infrared thermometer
imager. The temperature data of the perforation point was extracted to draw a temperature change curve with time, and the

perforation time was obtained from the falling edge of the temperature curve.

Results and Discussions The perforation effects of GFRP are investigated at different laser power densities (848-1556 W/cm®)
and tangential air flow velocities (0—1.0 Ma). Tt is found that the effect of increasing the laser power density on the ablation rate of
GFRP is more significant than that of varying the tangential air flow rate (Figs. 4 and 8). With an increase in the tangential air flow
rate, the perforation time shows a decreasing trend and then a slow increase (Fig. 8). This behavior is related to three effects caused
by the tangential air flow: reducing the surface residual carbon content to promote the bulk absorption of the target (Fig. 5), enhancing
the heat convection on the target surface to accelerate the cooling (Fig. 7), and providing tangential shear force to produce a

mechanical erosion effect.

Conclusions The perforation effect of GFRP at different laser power densities (848-1556 W/cm®) and tangential air flow rates
(0-1.0 Ma) is investigated using a continuous laser with a wavelength of 1070 nm. The experimental results show that the perforation
time decreases with increasing power density. A large amount of pyrolysis gas is generated in a shorter time period at higher power
densities, which further results in a higher pore pressure and promotes the exfoliation process of the target. The effects of tangential
air flow on the GFRP perforation process include reducing the surface residual carbon content to promote the bulk absorption process
of the target, enhancing the cooling effect on the target surface, and providing a tangential shear force to produce a mechanical erosion
effect. The three effects caused by tangential air flow have an obvious competitive relationship in the perforation process of the target.
For the laser power density of 848 W/cm”, when the tangential air flow rate is << 0.4 Ma, the effect of tangential air flow is mainly
used to promote resin pyrolysis, reduce the residual carbon content, and change the target absorption mode. Hence, the target
perforation time decreases with an increase in the air flow rate. When the tangential air flow rate is in the range of 0.8-1.0 Ma, the
cooling effect is more obvious. Therefore, the perforation time of the target material increases slowly with an increase in the air flow
rate. In addition, compared with the tangential air flow rate, the effect of the power density on the perforation time of the GFRP is
more significant.

Key words laser optics; laser damage; continuous laser; glass fiber reinforced polymer; tangential airflow; perforation effect
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