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Machinability Evaluation of Si3N4-hBN Machinable Ceramics Using Experimental Design
Method
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Eng. Inha Univ.), W.S. Cho(Dept. of Ceramics Eng. Inha Univ.)

ABSTRACT

Ceramics are very difficult-to-cut materials because of its high strength and hardness. Their machining process can be

characterized by cracking and brittle fracture. Generally, ceramics are machined using traditional method such as grinding

and polishing. However, such processes are generally costly and have low material removal rate. In this paper, to develop

machinable ceramics those have good machinability without losing their material properties, machinability evaluations are

performed by applying the experimental design method. In this paper, to evaluate the machinability of the developed

ceramics, various workpieces are machined on the CNC machining center, and surface roughness are measured under

predefined process parameters obtained using Taguchi method. And the experimental results are investigated to derive

optimum cutting parameters for the given materials.

Key Words: difficult-to-cut materials(‘d2} #}), machinable ceramics(7F& A Al 2+2]2:), surface roughness(E % 7 A 7)),

Taguchi method(Th7 2] %)
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(a) Si3N,; powder (b) BN powder
Fig.1 SEM micrographs of Si;N, and BN powders.

(c) 30 vol% BN
Fig. 2 SEM micrographs of Si;N,-BN composites.
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Fig. 3 Density plots of SisN4-BN ceramics
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Fig. 4 Effects of BN contents on the flexural strength
of Si3N, -BN ceramics
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Fig. 5 Effects of BN contents on the Vickers
hardness of Si3N4-BN ceramics
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Fig.6 Photograph of real time machining

Table.l Cutting parameters and their levels.

Symiol | Cuting prameer | Ledl led? | led3
A | Fed me (mmmin) 0 & 0
B | Quing pord Gmimin) | 40 ® 120
c Deph of at(mm) 005 0l 02

Table.2 Experimental design for an L,(B“lorthogonal array.
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Table.3 Experiment result for surface roughness
and S/N ratio.

Sufce ughres (R)

Ist 2nd aver

128 | 131 130 225

10
1 0 | 0| 4| 005 | 0 [ 08 | 080 i%

0n | o= | o 291

10 119 | 120 | 120 | 15
2 | 0| ol [ 057 [ 067 | 08| 42
% 067 | 060 | 068 | 335
10 | 12 [ 097 | 10 | 004

3 20 [ 30 |120] 02 | 049 [ 053] 051 S84

061 | 065 | 063 401

153 | 147 | 150 352

08 | 087 | 085 146

134 1 130 132 241

073 | 075 | 074 261

12 | 0% 10 004

067 | 068 [ 068 341

216 | 203 21 643

90 | 40 02 130 140 | 135 261

125 119 122 -3

195 183 | 189 553

0 | 8 | 005 109 110 110 0B

30
10
20
30
10
p.4
X
10
6 20 60 | 120 0056 | 02 | 074 [ 0B 215
X
10
20
kY
10
20
30

109 [ 112 | 110 087

10 165 174 | 10 459
9 20 0120 01 088 | 091 090 096
30 128 13 129 221

(Feed: mm/min, Speed: m/min, Depth: mm)
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Fig.9 S/N ratio response graph BN(30%)

Table 4.Analysis of Variance (ANOVA)

g:) o ? | oF Mean B Foo
square 5
10 | 0.985 04663 | 77717} 19
Al 20| 038 2 10860 4797 19
0 | 0.488 0.240 | B67 | 19
10| 0.244 0.1212 22 19
B{ 20 [ 05983 2 | 0272 | 491 | 19
0 [ 0.013 0.0062 2.00
10 | 0.016 0.0062 8.5
Cl 21 008 2 | 0.045 1.29
30 | -0.350 0170 | 57.1
10 | 0.0012 0.0006
el X0 0.007 2 0.003%5
0 | 0.0061 0.0081
10 1.186
| 20} 0.4 8
0 0.1410
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