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Temperature field distribution and cutting depth during
laser-assisted machining of hot-sintered Al,O3; ceramics

YAN Cuo, LI Li-jun, JIN Xiang-zhong, LIU Ji-chang, CHEN Pei

(College of Mechanical and Automobile Engineering, State Key Laboratory of Advanced Design and
Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: A quasi-steady heat conduction model for laser-assisted machining hot-sintered Al,O; ceramics was
established. Based on finite difference method(FDM), temperature field distribution of the workpiece was calculated by
means of MATLAB. Considering the softened characteristic of material after being heated, cutting depths under different
laser parameters (laser power, beam moving speed and spot radius) were obtained. The simulation results indicate that the
isotherms are ovoid on the surface, parabolic in cross-section and symmetrical in longitudinal section. The corresponding
softened depth to isotherm of 1 000 K is concerned as the proper cutting depth. The calculated cutting depths are in good
agreement with the experimental ones under different parameters. The results show that the cutting depth and material
removal rate can be increased by increasing the laser power, decreasing the beam spot radius and reducing the moving
speed of laser beam.
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Table 1 Specifications of laser generator

A A TAER IO R AL

N SRR RIS N AR, AR TUR HIMT
A 2 UEE A CO, Wohds PCH-1500, H %4
RS 1o A AR KT ) H A 2 7 42
L) ALO; HUEFE S, HYERESHNE 2, HXNEOL
(IR 280K SEB I E. 70° NS ARG 0.95; k%
MR EAA N 0.5~1.5 mm, OGRS @ %

CQ6232 RUNLIK I e I 1
2 IHMAREBRESSHETE
&R

Kl 3 fionh P=250 W, r,=0.5 mm, U=0.23
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Maximum Beam Beam transverse Beam divergence
Wavelength/um Output mode .
power/W diameter/mm mode (half)/mrad
10.6 Continuous 1500 20 TEMO1/TEMO0 1
R2 ALOs #LF R MPERE
Table 2 Properties of hot-sintered Al,O; ceramics
. . . . Thermal
Density/ Flexural Compressive Hardness Melting Specific heat/ conductivity/
(kg'm™) strength/ MPa strength/MPa (HRA) point/K kg K™ 4 ,?,
(Wm K)
3930 440 510 90 2323 837.4 34.1
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Fig.3 Calculated temperature field distribution of workpiece
(K): (a) On surface; (b) In plane along laser beam moving; (c)

In cross-section perpendicular to laser beam moving
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Fig.4 3D temperature field distribution on surface of

workpiece
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Table 3 Cutting depths calculated for different laser powers

(n=147 r/min, ,=0.5 mm)

P/W a,/mm
150 0.03
200 0.06
250 0.08
300 0.10
350 0.12
400 0.14
500 0.16

R4 AFEET VTR
Table 4 Cutting depths calculated at different rotational
speeds (P=250 W, r,=0.5 mm)

n/(rmin") a,/mm
46 0.22
85 0.11
147 0.08
260 0.03
475 0.01

830 0




258 PR R AR

2008 42 A

x5 AREOOEBERAET TIHIRE
Table 5 Cutting depths calculated for different laser spot
radius (P=250 W, n=147 r/min)

ry/mm a,/mm
0.25 0.15
0.30 0.12
0.35 0.12
0.40 0.10
0.60 0.06
0.70 0.04
0.75 0.03
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Fig.5 Comparison of experimental and calculated cutting

depth under different parameters
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