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A Study on Laser-Assisted Machining Process of Silicon Nitride
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In this paper, laser-assisted machining (LAM) has been employed fo machine hot isostatically
pressed (HIPed) SisN4 workpieces. Due to little residual flaws and porosity, HIPed Si3Ny
workpieces are more difficult o machine compared to normally sintered SisNs workpieces. In
LAM, the intense energy of laser was used to enhance machinability by locally heating the
workpiece and thus reducing yield strength. In experiments, the laser power ranges from 200W to
800W and the diameter of workpieces is 16mm. While machining, the surface temperature was
kept nearly constant by laser heating except for a short period of rise time of max. 58 seconds.
Results showed as feed rate increases the surface temperature of SisN; workpieces decreases
slightly, whereas the effect of depth of cut is disregardable. With a laser power of 800W,
achievable maximal depth of cut was 0.7mm and feed rate was 0.03mm/rev.

Key Words: Laser integrated Machining Center (B]0]R BEI7HE71), Laser-assisted Machining (BI0[X 0S4 4,
Silicon Nitride (818} ), Cutting Force (B A8, Flank Wear (B8 3 118)
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F.. = principal force(N) 7HEERE FE T Ae FIVEEIIY Aol
F;= feed force(N) o]Foix 3 Utk B3| #HolAw AYEAM, TAY
= thrust force(N) a4, vxE JH ada Hao dIgEE
= laser power(W) 7HAE FRE A Yol €Y VA HErE
T,= measured surface temperature( C) o] A% §3 nod dez dAstm Q!
u, = specific cutting energy(J/mm?®) AA AdFd dHelAd EZFIEVIE HAY
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Fig. 1 Optic module for laser integrated machining center
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Specimen

Dynamometer

Fig. 2 Experimental system for laser-assisted machining
of silicon nitride
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Table 1 Mechanical and thermal properties of silicon
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Table 2 Experimental conditions for preheat test and
measured surface temperatures(§,,=90°)

nitride No. P, (W) f (mm/rev) T,(C)
Vickers hardness (GPa) 14 1 800 0.013 1632
Flexural strength (MPa) 610-880 2 800 0.024 1620
Compressive strength (MPa) 3820 3 800 0.03 1562
Young’s modulus (GPa) 290-300 4 600 0.013 1485
Poisson’s ratio 0.28 > 600 0.024 1420
» 6 600 0.03 1394
Fracture toughness (MPa'm ') 5-6 7 400 0.013 1286
Coefﬁc.ient of_l6i:1e_eltr thermal 2632 8 400 0.024 1230
expansion (107C™) 9 400 0.03 1147
Thermal Conductivity (W/mK) 20-30 10 200 0.013 888
Specific heat (J/kgK) 660 11 200 0.024 812
Density (kg/m®) 3200 12 200 0.03 781
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Fig. 3 Surface temperature histories during the preheat
tests (y,=90°)
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Table 3 Experimental conditions for laser-assisted

machining
No. P (W) d (mm) f (mm/rev)
13 200 0.3 0.013
14 400 0.3 0.013
15 600 0.3 0.013
16 600 0.5 0.013
17 600 0.7 0.013
18 600 0.9 0.013
19 800 0.3 0.013
20 800 0.5 0.013
21 800 0.7 0.013
22 800 0.9 0.013
23 600 0.5 0.024
24 600 0.5 0.03
25 800 0.3 0.024
26 800 0.3 0.03
27 800 0.7 0.024
28 800 0.7 0.03
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Fig. 8 Surface temperature histories for different depth of
cut (b1,=90°)
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