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Effect of Milling on the Surface Quality of Wave—transmitting Si;N, Ceramics
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Abstract To investigate on the surface generation mechanism and the influence of milling process of the wave—
transmitting Si;N, ceramics, experimental study on the surface topography and edge chipping characteristics, as well
as the mapping relationship between machining parameters and cutting force, surface roughness and edge chipping
had been carried out. Firstly, the surface morphology of the machined surface had been analyzed. Due to the existence
of ceramics powder removal and broken particle removal , the surface topography was characterized by gentle change,
while the other contains micro—cracks, layered structures, etc. And there were defects such as pits and grooves.
Secondly, the edge chipping shape and its mechanism had been studied. When the tool moves to the edge of the exit,
micro—cracks would be generated at the stress concentration of the tool tip and spread to the side of the workpiece,
thus causing edge chipping on the machined surface and the side. Finally, the influence of process conditions on the
processing performance has been analyzed based on the uniform design experiments. The experimental results show
that with the cutting depth increases from 0. 2 mm to 0. 5 mm and the cutting width increases from 1 mm to 4 mm, the
cutting force of the x—axis is coupled growth, and that of of the y—axis increases quadratically. The machining surface
roughness value is minimum when the cutting depth is 0. 2 mm, the cutting width is Imm and the feed speed is 500
mm/min, respectively. As the rotation speed is 2 000 r/min, the edge chipping amplitude is the smallest when the

cutting depth and the cutting width are the smallest. Machining process control can be implemented to improve the
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milling surface integrity of the wave—transmitting Si;N, ceramics.
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Tab.2 Factors and levels

K EaUii iUy DIHITR B2 BEE LT 9 2
X,/r+min~! X,/mm Xy/mm-min~! X, /mm
1 2000 0.2 200 1
2 3000 0.3 300 2
3 4000 0.4 400 3
4 5000 0.5 500 4

*3 WL=H
Tab.3 Uniform design table

i BatilkEsud VI PGS NS
5 X, /r-min”! X, /mm X,/mm - min~! X, /mm
1 2000 0.3 400 4
2 3000 0.5 200 3
3 4000 0.2 500 2
4 5000 0.4 300 1
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Fig.2 Surface morphologies of different machining conditions
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Fig. 3  Different material removal mechanisms
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Fig. 4 Three—dimensional topography of surface defects
i 3o R B A AL B, A R S S L a5
7R o N 3R T R B A A8 -5 AR S BR AL A R]
3o SEE b TS HT RV P 2E I B I o R R AT E
B YT e MR e 5 0] 5 i 45 07 1)
—HUR, 72 T] TIAREIE i 8 280, BT A i T
R Mt T 248 B 8 ORE U8 B A7
— 59 —



BEHI AR AT B TR W s ep 7 A T AL
ROV TR T VAR

K5 b KR A a3
Fig. 5 Surface defect image binarization

2.2 HEGRER R T R AIE

T TN TR T HEA T WA i B SN, B B B
F I T2 T A7 0 3 AR Gt , T 6 B
N o 3TN I G AT A, R I
T4t 3 8 10 IRt R R Ak, L T T R T A
TR R .35

o Ik
(a) O E (b) B
6 AN B
Fig. 6 Edge chipping of different positions
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Fig. 7 Edge chipping meshanism
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Fig. 8 Cutting force curve under different processing conditions
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Fig. 9 Effect of cutting depth and cutting width on cutting force

in the x direction
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Fig. 10  Effect of cross effect on surface roughness
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Fig. 11  Extracting the edge damage contour curve
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Fig. 12 Effect of spindle speed and cutting depth on edge chipping
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