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Abstract Ti,AIN composites are a laminated compounds that posses unique combination of typical ceramic proper-
ties and typical metallic(Ti alloy) properties. In this paper, the powder synthesis, SPS sintering, composite characteristics
and machinability evaluation were systematically conducted. The random orientation characteristics and good crystalli-
zation of the Ti,AIN phase are observed. The electrical and thermal conductivity of Ti,AIN is higher than that of Ti6242
alloy. A machining test was carried out to compare the effect of material properties on micro electrical discharge drilling
for Ti,AIN composite and Ti6242 alloy. Also, mixture table as a kind of tables of orthogonal arrays was used to know
how parameter is main effective at experimental design. Consequently, hybrid Ti,AIN ceramic composites showed good
machining time and electrode wear shape under micro ED-drilling process. This conclusion proves the feasibility in the

industrial applications.
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Fig. 1. Schematic diagram for fabrication of Ti,AIN ceramic
composites.
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Fig. 2. Sintering temperature and load data optimized by

spark plasma sintering method.
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Fig. 3. Schematic diagram of the micro ED-Drilling.

Table 1. Experiment conditions for Micro-ED drilling

Electrode
Material Copper
Outside / Inside diameters 300 pm / 100 pm
Length 300 mm
Workpiece
Material Ti,AIN, Ti6242
Thickness 1.2 mm(Aspect ratio:4)
Circuit factors Levels
Voltage (V) 30, 60
Peak current (stage) 3, 6, 9 (Istage=15A)
On time (MS) 10, 15, 20
Off time (us) 10, 30, 50
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Fig. 4. Measurement method of machinability evaluation.
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Fig. 5. XRD pattern of sintered Ti,AIN composite.
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Fig. 6. Quantitative analysis using EPMA for sintered Ti,AIN
composite.

Table 2. Comparisons of material properties for Ti, AIN compos-
ite and Ti6242 alloy|[6]

Properties Ti,AIN Ti6242
Hardness (GPa) 6.3 3.5
Density (g/cm?) 431 4.5
Melting point (°C) 2520 1668
Electrical resistivity (uQ + cm) 30 42
Thermal conductivity (W/m-K) 55.8 21.9
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Table 3. The results of machinability evaluation through micro ED-drilling of Ti,AIN composites Ti6242 alloy

No Voltage ~ Peak current  On time  Off time Machining time (s) Electrode wear length (mm)
' V) (stage) (us) (us) TiL,AIN Ti6242 TiLAIN Ti6242
1 30 3 10 10 156 1213 0.513 0.575
2 30 3 15 30 141 857 0.393 0.535
3 30 3 20 50 164 619 1.364 0.534
4 30 6 10 10 110 257 1.639 1.199
5 30 6 15 30 267 302 1.362 0.906
6 30 6 20 50 238 257 1.615 0.815
7 30 9 10 30 131 149 5219 2309
8 30 9 15 50 82 209 4.853 1.902
9 30 9 20 10 120 373 8.003 3.124
10 60 3 10 50 25 104 2.482 1.760
11 60 3 15 10 84 189 6.397 4356
12 60 3 20 30 72 148 15.141 3.517
13 60 6 10 30 63 90 15.268 10.316
14 60 6 15 50 79 55 15.363 4.841
15 60 6 20 10 84 92 22.122 17.900
16 60 9 10 50 93 372 22.114 10.266
17 60 9 15 10 110 231 37.477 24.260
18 60 9 20 30 88 333 29.828 33.335
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Fig. 8. Main effect of electrode wear length according to controllable factor for Ti,AIN composite and Ti6242 alloy.
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