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Technological investigation of femotosecond laser
drilling of CFRP composite

QIU Yi',LIU Zhuang',LI Yuan-cheng’ ,ZHANG Xiao-bing’
(1. College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics and

Astronautics , Nanjing 210016 , China ;2. AVIC Manufacturing Technology Institute , Beijing 100024 , China)

Abstract: Femtosecond laser machining has advantages of wide processing capability and good processing quality due
to extremely narrow pulse and high peak energy. In this paper, femtosecond laser is applied to drill small holes on
CFRP composite materials using different spot filling patterns. The effect of the partially filling and full filling on the
drilling of ¢$3 mm holes has been investigated. Optical microscope and industrial CT have been used to measure ma-
chining results. The morphology and wall taper angle have been analyzed,and effects of different spot filling patterns
on material removal also been compared and discussed. The result shows that full filling pattern can easily form
through holes ;however, the partial filling pattern can achieve holes with smaller taper angle. The smaller the scanning
speeds are, the smaller the taper of the hole is;on the contrary,the higher the scanning speeds is,the greater the taper
of the hole is. The filling distance affects the input energy density of the laser,so the filling distance has a direct effect
on the depth of the small hole processing,and less effect on the small hole entrance diameter and the small hole taper.

Keywords : femto second laser; CFRP composite ; drilling small hole ;spot filling pattern

3 = inforced Plastics ) 5 RS F 24 Jy B30 A A i 4 2 £
LT3 B A 52 A bR (Carbon Fiber Re- S04 bR, FLATIRAIE 853 Y5 0L T4 45

EEW B : [FZPHE KL (2017-VI0015-0111) BEH)

EERBN R —, 5 L5 . E-mail: qiyi726@ 163. com

BIMEE N OH: B 1, ISR, BF5E 5 o R RE S I TH AR . E-mail ; liuzhuang@ nuaa. edu. cn
I %5 H 87 :2021-03-25 ; f&1T H H7 . 2021-05-04



W5 4 A No.2 2022

b —2F  CFRP Z# WO/ MUIN T T 2058 197

PribA S UL R e, & B Az 1 bR 0 = P Bg
FHREZ —, W2 B TS R A A
CFRP )5, Z 800G 00 T /7 2L 17 K & my/hfL 45
R T, DA A e GERE R HEISEDIRETR K . HAT
CFRP Bl L T2 FEA W R, — R85
TE, gl B AR A — R T T
Sk AE i T ot TR AT K
SRR T AR AT E A T AR, i Ti%
G M AR 1t i AR 0 B R 22 R R, S B AL
FEARMERE RN, ) B BRAF i 1 )2 R 4F
YR

CFRP & A 306 m T H AR & H i i 58 #4
Sehyeok % N\ (i G T 2 2230t % CFRP #44 ik
1T T UIRISEES WF9T T SOE )23 T A 1 ok 3 S5 S 5k
XN T 455 10 2, 45 5% 3 7 451 1 8 3 2 ek /) 445
it N &K BREART 4 A %) E i CFRP &
A B B RO I T BB R R AT T WRSY i AR
ANEZN € T P A CFRP &4 i B2 B0 30 i 1 [
{8, FHAT T A A8 G 5 A 8 R XU O
F5Y I BEHE Oliveira 256 A F1) K D 36 %
CFRP & AF A7 i b B, S 86 45 R B, (i A3
BN TS H0T DA 514 M 2 B 526 R Jlig 14k, K

RPN LA Tk i Ase 2 B () AR L 04 (R )
S P L, e L AE SN AL T 1 A7 3 Ok
)z MO . TR AP O X CFRP A4 R
AT HIFLIS % T8 R RS FLAE (41 66 mm D) 1),
AT DLSR R 6 B Jm 38 3 78 7 e A7 im0, XA R
FARE I TR, HE, X Fi/NRSFFLAE (n
$3 mm) JEBEI 7R 7 SR R RS & R A
JR PRI e 3 AR TE A RE 25 B AN 78 40 19 AU 5 4
KR A7 7 = WG i 7 hn TR Rl BEAR T T
BO% XTI 5 T R AE Y v oK UL AR IE . R L, A
SCR I RAPBEOEX 63 mm /LT A [R] 3 78 75 20
BN T 7%, 32 BEHR T BE f: 35 78 Fi 4 3H 75 PR R
J7 2R ANFLA T ELAR B BE DL RO TR0 i 5 i)
J4Ja CFRP &2 A R RPN FLm /4 1z
RS,
2 RW5HE

R P i 4 CFRP S WAl , — 4 2 )
2L B2 T 43 3k —45° .00 .45° .90°, 4Nl 1 i

No B¢ CFRP &2 G A B FI L RS2 30 mm x
15 mm x 2.8 mm &, JEEE R 2.8 mm, % & #H
Mk 21 48 H A ZR TN F) T300 T filk 21 4k | fik 2 4t
HAZHR 10 wm AR BE FEAR A 5 6 e , 7 5 1 AR R
DET NN 60 % F 40 % . k£ 4E)Z A b BiR
RHZJG 78 F O B b [ AR B iR M R i
RESENER 1 s,

-45° LT

@*%f= 7 R (b) BAF
B 1 CFRP S 4 4HRHAL

Fig. 1 CFRP composite specimen
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Tab. 2 Parameters of femtosecond laser used

in the experiment
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Fig. 2 Two different filling methods
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Fig. 3 Machined results due to half-filled pattern and
scanning speed of 300 mm/s
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Fig. 4 Machined results due to half-filled pattern and
filling space of 20 pwm
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Fig. 5 Machined results due to full-filling pattern
and scanning speed of 200 mm/s
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Fig. 6 Machined results due to full-filling pattern

and filling space of 20 wm
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Fig. 7 Machined results due to a filling space of 30 pm

and different filling patterns
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Fig. 8 Schematic of the reflection and heat accumulation

of the laser on the sidewall of the groove
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