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Experimental and Simulation Study on the Quality of Femtosecond
Laser Cutting CFRP
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Abstract: In order to explore the main influencing factors of femtosecond laser cutting of carbon fiber
reinforced resin matrix composites (CFRP) , the influence of different energy densities and spot overlap
rates on the width of the heat affected zone, surface roughness, and slit taper was investigated using the
controlled variable method. Based on the dual temperature equation, the temperature field evolution
process of the electron lattice during the interaction between femtosecond laser and carbon fiber was si-
mulated using the time difference method. The experimental results show that under the condition of
constant pulse frequency, increasing laser power can increase the width of the heat affected zone of the
cutting seam, increase the roughness and taper of the cutting seam, and decrease the cutting quality ;
Under the condition of fixed laser power and a single increase in pulse frequency, the cutting quality
decreases but tends to saturate as the pulse frequency increases. The simulation results show that the
higher the energy density, the higher the equilibrium temperature of electrons and lattice, the longer it
takes to reach thermal equilibrium, and the more obvious the thermal effect. The analysis points out that
the overlap rate of light spots and the pulse energy density are two important factors affecting the pro-
cessing quality. Variations in laser power and pulse frequency can change the pulse energy density and
overlap rate of light spots, indirectly affecting the processing quality.
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Fig. 1 Variation curve of cutting quality with laser power
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Fig. 2 Variation curve of cutting quality with pulse frequency
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Fig. 3 The electron and lattice temperatures vary with time
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Fig. 4 Variation curve of electron and lattice equilibrium

temperature of carbon fiber with energy density
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Fig. 6 Variation curve of energy density with power

Il 6 rh g (n ke 2 U D7 R AR AU I 45 19 ik £
A H - A 20 ik 9 {H, 7E B B R 50 kHz B,
KB Z i B T R A 0.7 W AEE MR Ny
600 kHz I, I 2 20l S{E T IO LA 8.3 W,
Jok e R A A0 A R 8 ) 220 ot I T O )
R, WOy 20 W 3G ik o
AT Jk e R Fik 285 B2 AR, (EDG B B B 28 Ty, s
K (6) R,
overlap = 1 — v/Df (6)
DI E B A S A AR O B B LA Ok T
PRBEHBUE o DKHOTR 7, 76 20 il A K Ry
LA EE PR — T OB E B R Y
M i — ik w75 S 45 B TR 5 Uk bk b AR B AR
RN SEBR SR R RE /N 5 55— O T, SR B
B Ay | [ — B SR R Ik b BB 2 | 2x i
AT, R R, R, RO & &



112 ode TR K 2 W (A 8RR F R

2024 4

SERRTHINTRG B A RO . IEWE 2 R, 4k
PR R AT B, I B A T R 2 Ik v A 3
50 kHz B, B K8 50% , CFRP B #4521 X,
SEREAN R 2 pum,, S R T K 0RO R AE 50 ~
600 kHz 5, ik i fiE £ %5 B X 0 7E 20. 371 ~ 1. 697 J/
em’ JEREE B RN 50% ~91. 7%, F AR bk v 3 =
S A ik o e = 28 B AR AR, o T A A AR
E B e ARG I ™ A A BB AL, 2 (1 4R i
DXHAR HURE FERG M, n TR & F R, 285 % 1Bk
PR N 1 B K b R 0 R R R OGBS R
i, Dk oh e & 2 2 R BRI TR s 42 T, B
BTN TR N R, S A R BN T G
i) X i 2% T REL RS 88 1 17 4 A R R T AR RN Y

gER
4 ZEig

1) ZERK IR A AR 0 250 3 THEO T )
FEL - AR T B BRI 5 R TR | PG M IX B
FRALRE R HE B Bl 3, 1 B TR R

2) FEHOC RS W 451, ik b 3 % 448
kv RE 2 R T R B E SR O EE
R PR B E  vE R T R R, (B K
PRRE 2 ) [ 25 B AR AT 2% A o T oA B
LA AF ) 4% P i XKL 3 R ik 3 R bk op R
SR kA,

3) A% REMEOEIN T, CFRP {1 B 7=
Az FRGZ R X R] L, i 1 SR FH WS 1 T e 4 44 1) 1) 1
(B ik o i 12 25 B RO BRE 5 38 R 1) SR W X CFRP
PEAT T, AT PG DX /s i T s AR

SE .

[1] BhEAEE, SHHAS, BIENE, 5. BREF4EE A M RR
INTHEARIR S K B[], ZarERE S TR,
2022(05) : 110-119.

[2] #RE5E, H—L, INETE, 5. WRE4ER S M RSO
YIRS R T]. im T 5#E, 2022(S1) .
4-13.

[3] ¥ 1, TRU, IREER, 45 IR RW AR R E &
MR CENEOERS S DI E T A5 )], B T 5EA,
2022(05) ; 35-40.

[4] skFFRE, T ¥, skE M, & A4 amme it 2 &4
FREOEDIFI PG ma BT[], A5 #EH, 2019, 18
(05) : 60-66.

(5] skIEEh, AR, FAEE. BREF4EE G MR N0
T TZW5E[I]. BI#OE, 2020, 40(01) : 86-90.

[6] ZHONG Z, HUANG G, FEND W J, et al. Efficiency
and quality of infrared (IR) femtosecond laser proce-
ssing of carbon-fibre reinforced polymer ( CFRP) compo-
sites[ J]. Lasers in Engineering (Old City Publishing),

2023, 54. 169-197.

[7] FINGER J, WEINAND M, WORTMANN D. Ablation
and cutting of carbon-fiber reinforced plastics using pi-
cosecond pulsed laser radiation with high ave-rage pow-
er [ J]. Journal of Laser Applications, 2013, 25
(4) . 042007.

(8] AN, PMEZE, £ JE, 5. BOCUI RISk 4E 525 4
B 7 5 B[], BOLHAR, 2020, 44 (05):
628-632.

(9] # b, B ¥, WIRECR, 45, WREFAERE S HORIEOLR
ZEROTEHEFE ()], AR S TR, 2021, 44
(04) . 40-44.

[10] HzRiF, sKEHR, & I WO TaB bk 58 vt

JELT]. DU T AR, 2016, 52(17) : 176-186.

[11] BULGAKOVA N M, ROSENFELD A, EHRENTRAUT
L, et al. Modeling of electron dynamics in laser-irradia-
ted solids: Progress achieved through a continuum app-
roach and future prospects [ C ]//International Confe-
rence on Lasers, Applications, and Technologies 2007 .
Laser-assisted Micro-and Nanotechnologies. SPIE, 2007,
6732 21-35.

[12] CHICHKOV B N, MOMMA C, NOLTE S, et al. Fem-
tosecond, picosecond and nanosecond laser ablation of
solids[ J]. Applied Physics A, 1996, 63 109-115.

[13] BURAKOV I M, BULGAKOVA N M, STOIAN R, et
al. Theoretical investigations of material modification
using temporally shaped femtosecond laser pulses[J].
Applied Physics A, 2005, 81: 1639-1645.

[14] GAMALY E G. The physics of ultra-short laser interac-
tion with solids at non-relativistic intensities[ J]. Phy-
sics Reports, 2011, 508(4-5) ; 91-243.

[15] SREER. BRACAEDURLNG 32 50 5 52 5 AR DK ot 21
MMAPTFEL D). JEat: JERUTAE R, 2018.

[16] SKIEHN, T, R, 42 S ERiotn T
A R BTSSR (], RO, 2019, 39
(06) ; 1041-1044.

[17] FREIGAG C, WIEDENMANN M, NEGEL J P, et al.
High-quality processing of CFRP with a 1. 1-kW pico-
second laser[ J]. Applied Physics A, 2015, 119, 1237-

1243.
(DTS EAH)



