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

XEHS 1004-924X(2026)10-1546-10

WOt IR AL B T HI 71 B i R B M A I E

AEES AFE 2 AV AEE S K 2V K OH, ARalEY
(L A AFFEMNBHARL L ELERE(HHEAETEZERGARLE),
A #1M 4340004
2. B RO F AR BOR A B L, M #IN 434000
.M Iy A% MM TEFER,# A KX 430068;

AL BERF EREREGVMIRZR B2 BT 36102D

FEE - 1 0] T e A AR S i B RS % D) e AR b SO R RS DT 5 51 & A BB el T B R S B0n TR E e
T 5 A A ) B, R T — O A MR ) T R S A 2 A A L DR TR B o T R v 3 R e S ) L
JEVERE . TR T AT S A R BT IS, EE T O TE S WA T E N AR ST O AT F 0 BL f RS 22 Y
JUM A R, I 38 2 T) LS5 3 T H 92 BUROG 307 & AR MR 45 o 45 5027 05 L 530G D 285, %R B T 5 5 5 40
D1 B oA 3 A P AT X L 40T o FE AR [ DD S B0 AR, T TR A 00 i TR R0 D A6 5l B D01 6 L 9238, RS
[ 410 ) B T 4 n L  TDAEURES B3 K ) ELBES A5 AT R o 2 SRR FE AR )i A SO TR LB B T B A R T R R
TAEG ) B R HC R AG R ACRS R 3. E VI BE R0 1.0 km B, B AP ) B T 05 45 35 T HURE 2 S, 22 3/, T 24
7)) #5238 21 3.0 ke I8 357 80 7T B0 T2 i HLAS B S, o0 31,19 nm, £ 48 70 H A 49. 91 nm, 5 10 HLRE J3E MG 0R 29
37.5% o JI BT 43 BT o, WA 1 52 LU 0T 6 R B 45 S 32 B 2, 50 B T LGS RN ) S5 0TI B 45 G B AR A 8
AN 3B ) B R TS SO A DA I T TR HE S, T A A S 0 TR SR AR DR T B AE — U TR P
EHET1 e A S S B VI I n TR R P N R T A Ay T R A g T A B RS A AR T — b AL
JIH B

X 8 W ek EMOLREMB WA RBRE; T EER

FE S ZE: TH703; TP27 SERARIRAD : A

doi:10. 37188/0OPE. 20263410. 1546 CSTR:32169. 14. OPE. 20263410. 1546

Design of tool for in-situ laser assisted diamond cutting and
its application verification

LIU Junlong'*, ZHU Mengyao'*, YU Li"*, ZHOU Yanxi"*, ZHANG Han"?,
CHEN Xiao’, LIN Chuangting"’

(1. Hubei Key Laboratory of Advanced Optical Quartz Materials Technology
(Hubei Feilihua Quartz Glass Co. , Lid. ), Jingzhou 434000, China;
2. Innovation Center for Special Optical Glass Materials Technology, Jingzhou 434000, China;
3. School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China;
4. College of Marine Equipment and Mechanical Engineering , Jimei University, Xiamen 361021, China)

s B 8 :2026-03-01; 81T H #§: 2026-03-19.
HEETE : 2025 3 M T B 1115 B (No. 2025AA01)



510 3 XA e, 45« WO I AL 8 B DT 0 R it KRR 36 ik 1547

* Corresponding author, E-mail:linct@jmu. edu. cn

Abstract: During in-situ laser-assisted diamond cutting of hard and brittle materials, laser irradiation on
the tool flank face may induce localized heat accumulation, resulting in aggravated tool wear, reduced ma-
chining stability, and degraded surface quality. To address this issue, a novel diamond cutting tool was de-
signed to enable laser emission exclusively from the rake face, aiming to improve surface quality and tool
wear resistance during long-distance machining. Based on optical refraction and total internal reflection the-
ory, a laser propagation model within the diamond tool was established to analyze the geometric con-
straints among the laser incident angle, rake angle, and clearance angle. Precise control of the laser emis-
sion position was achieved through tool structural design. Optical simulations combined with laser power
calibration were performed to compare the beam transmission characteristics of the novel tool with those of
a conventional tool. Under identical cutting parameters, comparative in-situ laser-assisted diamond cutting
experiments on fused silica were conducted to systematically investigate surface roughness and tool wear
behavior at different cutting distances. The results showed that, at the same input laser power, the output
laser power of the novel tool was generally higher than that of the conventional tool, indicating improved
beam transmission efficiency. When the cutting distance is 1. 0 km, the surface roughness Sa obtained us-
ing both tools is comparable. However, when the cutting distance reaches 3. 0 km, the surface roughness
Sa achieved by the novel tool is 31. 19 nm, compared with 49.91 nm for the conventional tool, corre-
sponding to a reduction of approximately 37.5%. Tool wear morphology analysis indicates that flank
groove wear is the dominant wear mode for both tools, while the novel tool exhibits a smaller flank wear
width. By enabling laser emission solely from the rake face through tool structural design, heat accumula-
tion on the flank face is effectively suppressed. Tool wear is mitigated, and machining stability and surface
quality are significantly improved within a certain cutting distance range. This study provides an effective
tool design approach for high-quality, long-distance ultra-precision machining of hard and brittle materials.
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Fig. 1 Structure and laser beam propagation path of the novel tool
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Tab.1 Dimensions and angle parameters of the tool
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