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Fig. 1 Energy accumulation model of femtosecond laser multi—pulse processing
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Fig. 2 The variable defocus amount model for femtosecond laser processing

N A ok i) RE % T

Iy="0pI(r)exp(—bz)N'"* (4)
1.3 tHHAEREERIEERHE
AP BOE I T O R R A 2 RGO, PSSR OG- R G0 R B AT MU, BB B R AN S
WL - R G R ST A RS A AR S S IR B o Y IR B R TR R P L A
IR BRI A 35 B2 BE O B RE SR 25 R o 10 R R TR DO B e B RN AR B AR AN A
ZjJ%SQﬁIF‘,fﬂﬂﬁﬁﬁ@%ﬁﬂi@iﬂﬁEﬁA$%ijﬂ

aT. (
Cii

% ) G(T.— T\)+S(r,zt) (5)
aT,
at

K, CONRFRE, CHRBRE, T T FIRES BISIRE,G B+ 5MEaE 240 8 HE T

SR NI, S(r, 2, 0) Ry RIS, W R IR A

C—=G(T.—T)) (6)

S(r.z.t)=(1—R) I(:;[)bexp(—bz) (7)
P, R AFOC SR, o MO v SEE L 1Cr, ) A BERE] AR ) BOGRE B %, KR
I(r,t)—l(r)exp[élan(:P 1” (8)
B (ORA(R) 5 NADBKHE G, )R
I(r,z)ZbﬂI(r)exp(—bz)NlSexp{—éLan(;—l)z} (9)

R C3) 0, RO Y 3R 2 A8 o (=) BEAE B ik M1 570 T8 B2 AR A A2 AL, 24 RAEMBOL B9 A G RE 5 JC 7 4 4
Fmp R (D H Y 0, B 3 2 (3) B (=), W B35 48 1l %2 748 A6 9 SOL BE B % 1(r) A

— 2rt
I )— 2FE, 2
r ( — )z exp (wo ,1—’_(:52) (10)
T Wy 1+(2) 0
Tw;

B L(5)~(10), K 1 A R 22 0 oK AU 7 B2 20(5) ((6) @ JT N

0414002-3



T o AR

C T:j,wrl - f/,k — b Tf+1‘j,xv+1 - 2Tfj,k+1 + Tf— Ljk+1 + Ti?]#»lvkﬁ»l - 2Ti$j.}e+l + TI'?]L&#»I)
‘ A[ ‘ Arz AZZ
T, T, (11)
G(TS i — Thyw)+ S, “CT: G(TS s — Thpet)
IS (r, 2, 0) W JRIFEE RN
— 2iAr*
. : 1 2F, 2
S(i,j, k)=(1—R)bexp(—bjAz) —bp > X exp AjAz
o AjAz w, |1+ w2
bid
| w, 1%<7nu§) 0 (12)
kAL ’
exp(bjAz)N' ®exp 4ln2( 1)
T

BEE TS ) 46 I 50 58 U B3 TR BE 2 R 300 KM R T i E S ECTT AT
(12), 45 EAG B [R) B 5t 9 8 5 S R] Bk 9 A9 R 55 M il P2 72 A i 2 n 51 3 s

x1 THHEFESH

Table 1 Femtosecond laser simulation parameters

Parameter Value Parameter Value
Lattice heat capacity C,/(Jem *XK™") 2.44X10° Density o/ (kgem ™) 7 800
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- , i 1.3 10" o ) ] 3X10"
coefficients G/(Wem *XK') coefficients g/(Wem XK ')
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(b) Variation curves of electron and lattice temperature under different pulse widths
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Fig. 3 Temperature variation curves of electrons and lattices under variable energy and variable pulse width
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Complex Coupling Model and Morphology Effect of Femtosecond
Laser Ablation of Tooth Surface
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Abstract: The two—temperature model is commonly used to analyze the femtosecond laser ablation
process, simulating laser ablation by analysing the coupling of electrons to the lattice and the temperature
change. Due to the extremely short pulse width of the femtosecond laser, a variety of dynamic effects are
generated during the ablation process, such as energy accumulation effects, defocusing effects and dynamic
material absorption rate effects. Therefore, when studying the femtosecond laser ablation process, it is
necessary to consider the effect of dynamic effects on the size of the ablation. The existing ablation models
need to be improved to improve the efficiency of femtosecond laser processing and the accuracy of ablation
models. In this paper, a quantitative relationship between the variation in the number of pulses and the total
laser energy absorbed by the material is established for the energy accumulation effect; the laser energy at
different ablation depths is also obtained based on the effect of the variation in ablation depth on the laser
focus radius. By coupling the energy accumulation effect and the defocusing effect into the dual-temperature
model, the temperature distribution of the electrons and lattice of the laser—ablated surface gear material
18Cr2NidWA is obtained by the finite difference method at different pulse widths and energy densities. The
temperature at equilibrium is around 3 000 K, which reaches the cavitation temperature of the face gear
material 18Cr2NidWA, and the material can be ablated, and the depth and radius of the ablation crater are
4.07 pm and 24.23 pm, respectively.

Considering that the surface of the material processed by the femtosecond laser is mostly a complex
curved surface, the angle between the laser beam and the surface to be processed during the processing of
the curved material will change due to the vertical writing of the laser beam. The laser beam is tilted to
ablate the surface of the material and only the laser component perpendicular to the material surface acts on
the microstructure of the material surface. Therefore, it is necessary to establish quantitative relationships
between the refractive index of the laser beam and the tilt angle, as well as between the focus radius and the
tilt angle, to analyze the effect of the tilt angle between the laser beam and the machined surface on the size
and shape of the machined surface when the laser beam is ablated on curved materials. The simulations
show that the effective laser intensity decreases significantly after the tilt angle between the laser beam and
the material being processed exceeds 40°. The laser spot is elliptical on the surface of the material. Finally,
it was experimentally verified that when the laser energy density was 1.783 J/cm” and the bottom angle of
the machined tooth surface was too large, the ablation process only occurred on the surface of the material;
when the energy density was 2.376 J/cm” and the number of laser pulses was 3 000, the microstructure of
the ablation crater was good and fine. The results show that the laser energy decreases with the change in
tilt angle when the surface is ablated by the femtosecond laser, while the energy distribution of the laser
spot affects the change in the depth of the ablation crater.

Key words: Femtosecond laser; Energy accumulation; Variable defocus volume; Complex coupling
model; Surface machining; 18Cr2NidWA ; Laser ablation; Tooth surface morphology
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