CRTECIE BF et A TR Vol.34 No. 10
2026 4£ 5 A Optics and Precision Engineering May 2026

XEHES 1004-924X(2026)10-1556-12

HEIEE TR BEVIE T Z AL S inm il

AEE, Kk AT, KRR #°

(L. FH ¥k IRE, LA FF 030600;

2. WEAY TRKAFER,EK 400715;
3.FAFMMIEZK,LE KK 030000)

W S E R RS AL &R, DL RIS N I &, R GRS VI EI O S AR S T 235
Z IR R A O F L B 7R SE 0 T AR 5 1 T Rb ok DIl 1, TR IR O 1 030 nm Y Z0 A0 KA SR X 0. 55 mm 4
A 3 R R B IR AT LR 2 R AR O R KA O O T A S B YIRS A R . SRS SR TR oK e R
R RS 0. 05 MHz, 0. 2 MHz F1 0. 5 MHz & 094 il B {6, A% A1 0 F 38 38 A9 06 0 1222 5%, 48 75 o ot B0 0 i AL LA 22
F LA AT T2 X8, M E T 42806 O, 5T BP #2945 s 7 B p s, ik — e T 25 S80I, &7,
HHAAH T2 SHCF WA BRI T H N 2R E . ST A5 IR R AR 0.2 MH2 T, = 85 3% 55 PR 68 1t 180 (40K 44
B35 T ) 7 A A3 A H ) I B 2R, 2 I T 1 S 5 D) A TR TR B R 0. 50 g, A1 T4 5 3 B
B 0. 75 pm, 2 B 1L B 00 0 U T80 0 o, — % 34 06 R 5 P BB RS B DD R EE SR . S50 U AR SCER L Rl U0 DR SRR L be
ol 0 43 AT RS TR 00 1 T AR AR T 58, SBT3 1 A A A e T I U LA R R AT AT S T
HETE

k@ ARk BN B AR B T EARAL 45 5 B )

th B 4y S TN249;U463. 835 SCERARIRAD : A

doi: 10. 37188/0OPE. 20263410. 1556 CSTR:32169. 14. OPE. 20263410. 1556

Optimization of femtosecond laser cutting process and
suppression of thermal damage for ultra-thin glass

LIU Xiaojuan', ZHANG Long”, CHEN Guilin’, HE Pan’

(1. Department of Mechanical Engineering, Jinzhong University, Jinzhong 030600, China;
2. College of Engineering and Technology, Southwest University, Chongqing 400715, China;
3. School of Mechanical Engineering, North University of China, Taiyuan 030000, China)
# Corresponding author, E-mail: zhanglongl005@swu. edu. cn

Abstract: This study systematically investigates the interplay among cutting micro-morphology, material
ablation thresholds and process parameters for automotive ultra-thin glass, with the aim of enabling high-
quality, low-damage femtosecond laser cutting in support of automotive lightweighting and intelligence.
Initially, linear scribing was performed on 0.55 mm thick soda-lime glass and high-alumina glass with a

1 030 nm infrared femtosecond laser to elucidate the relationship between key process parameters and the
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cutting morphology. Subsequently, the diameter-squared extrapolation method was employed to deter-
mine the ablation thresholds of both glasses at repetition rates of 0. 05 MHz, 0.2 MHz, and 0. 5 MHz.
The differences in laser machinability of the two glasses were characterized, and the underlying mecha-
nisms governing the evolution of the ablation thresholds was revealed. Thereafter, infeasible process re-
gions were excluded to preliminarily identify the process parameter window. Based on a BP neural net-
work, a prediction model was established to further optimize the selection of process parameters. Ultimate-
ly, bottom-up full-thickness cutting of ultra-thin glass was realized using the optimized process parame-
ters. The experimental results at 0. 2 MHz indicate that the ablation threshold of high-alumina glass is low-
er than that of soda-lime glass, rendering it more susceptible to uniformly distributed linear scratches and a
higher crack propensity. The Surface roughness Ra of the cut cross-section is 0. 50 pm for aluminosilicate
glass, which is lower than 0. 75 pm for soda-lime glass, indicating superior cross-sectional quality. Both
materials meet the surface quality requirements for precision cutting of automotive glass. It is concluded
that the proposed process optimization strategy-integrating cutting topography, ablation threshold analy-
sis, and model prediction-effectively suppresses thermal damage during processing, which validates its
strong feasibility and reliability for ultra-thin glass cutting.

Key words: femtosecond laser; ultra-thin automotive glass; ablation threshold; process optimization;
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Tab.1 Characteristics of silicate glass

Parameters Soda-lime glass High-alumina
glass
Si0,/(wt %) 71.5~72.5 59~62
ALO,/ (wt%) 0.5~1.5 15~18
Density/(gecm ™) 2.5 2.5~2.6
Vickers hardness 480~550 600~720
Transmittance/ % 90 =91
Flexural strength/MPa 16~60 120~150
Softening point/°C 720~740 920~950
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Tab.2 Laser specifications

BARZH Bl

Pulse duration/fs 313
Infrared center wavelength/nm 1032
0. 05 MHz maximum power/W 2.82
0. 2 MHz maximum power/W 12.82
0.5 MHz maximum power/W 20. 47
Number of pulses 1~5

Repetition rate/MHz 0.025~5
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(b) Schematic diagram of femtosecond laser processing
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Fig.1 Femtosecond laser processing experiment
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Tab.3 Relationship between effective pulse and ablation threshold

N) AL, Ag, (N

N)H

, Repetition rate/
Materials

Slope of the fit-

Spot radius /  Effective number

Ablation thresh-

MHz ted line pm of pulses old/(Jeem %)
0.05 2489.47 35.28 22 2.17
Soda-lime glass 0.2 790.79 19.88 50 5. 38
0.5 593. 23 17.22 108 3.65
0.05 3152.93 39.70 25 1.79
High-alumina glass 0.2 1 900. 51 30. 83 77 2.36
0.5 325. 34 12.75 80 4.59
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Tab.4 Dataset preprocessing

No Repetition rate/MHz Laser power/W  Material response Numerical code Predicted value
1 0.025 1.27 Modification 0
2 0.025 1.39 Modification 0
3 0.025 1.52 Modification 0
4 0.05 2.35 Modification 0 —0.209 5
5 0.05 2.58 Modification 0
6 0.05 2.82 Modification 0
7 0.1 3.68 Modification 0
8 0.1 4.29 Modification 0
9 0.1 4.9 Modification 0
10 0.1 5.51 Modification 0
1 0.1 6.12 Removal 0.5
12 0.1 6.74 Removal 0.5
13 0.1 7.35 Removal 0.5
14 0.2 6.41 Modification Exclude
15 0.2 7.48 Modification Exclude
16 0.2 8.55 Removal 0.5
17 0.2 9.62 Removal 0.5
18 0.2 10. 68 Removal 0.5 0.648 553
19 0.2 11.75 Damage 1
20 0.2 12.82 Damage 1
21 0.3 7.25 Modification 0
22 0.3 8.46 Removal 0.5
23 0.3 9.67 Removal 0.5
24 0.3 10.88 Removal 0.5
25 0.3 12.08 Damage 1
26 0.3 13.29 Damage 1 0.920 149
27 0.3 14.5 Damage 1
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Fig. 6 Femtosecond laser glass cutting morphology
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