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An Empirical Study on Drilling Characteristics of Titanium
Carbide Metal Matrix Composites (1)
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Abstract The experimental data from the central composite design runs were utilized for mathematical mod-
els for the drilling characteristics containing linear, quadratic and interactive effects of the parameters such as vol-
ume fraction of TiC in the composites, drill speed, feed rate and drill diameter. The models were developed via
stepwise selection where the insignificant effects were removed using t-test. The models were subjected to opti-
mization of maximizing drill life and satisfying the other constraints.
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Table 1. Penetrating depths classified by drill size

Diameter D (mm) Penetrating depth

Exceeding Not longer than  (mm) per hole
6.00 6.70 19
6.70 7.50 22
7.50 8.50 24
8.50 9.50 27
9.50 10.6 30
10.6 11.8 34
11.8 13.0 38
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Fig. 1 Drawing of a parallel shank drill.
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Table 2. Factors and levels used in the experiment
Design level 1414 1 0 -1 -1.414
. 47.07 45 40 35 32.93
%Volume of TiC @7) (45) (40) (3%) 33)
Feed(mm/r 0.5414 0.5 0.4 0.3 0.2586
eed(mm/rev) (0.54) (0.50) (0.40) (0.30) (0.26)
Correspondent .
Drill Speed 9.828 9 7 5 4.172
(m/min) (9.83) (9.00) (7.00) (5.00) 4.17)
Dia. Of Drill 10.414 10 9 8 7.586
(mm) (10.4) (10.0) %.0) 8.0) (7.6)

Figures in parenthesis refer to controllable levels in the experiment.
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Table 3. Experimental results of the drilling test

Variables Transformed responses
% Feed Drill Speed Dia. of Drill  Drill Life Specific Power Surface Offset
Volume of TiC  (mm/rev) (m/min) (mm) (m) x10* (Wh/mm®) Roughness (um) (um)
\'% -F S D L P R O
-1 1 1 1 3.343 19.85 8.89 150.9
1 -1 1 1 2.497 34.46 6.62 131.5
1 1 -1 1 3.456 20.78 8.52 147
1 1 1 -1 1.893 24.07 5.05 134.1
-1 -1 1 1 2.991 15.48 344 1339
-1 1 -1 1 2.619 14.51 6.5 148.3
-1 1 1 -1 1.956 25.19 ' 4.84 139.4
1 -1 -1 1 2.707 15.18 6.24 1573
1 -1 1 -1 5.01 25.72 8.7 161.6
1 1 -1 -1 4.698 23.54 9.45 147.8
-1 -1 -1 1 3.325 48.72 6.33 128.2
-1 -1 1 -1 5.01 25.72 8.7 161.6
-1 1 -1 -1 3.895 429 9.32 112.6
1 -1 -1 -1 5392 25.86 11.99 119.3
-1 -1 -1 -1 4,027 44.92 8.94 117.9
1 1 1 1 5.572 27.08 11.51 128.7
1.414 0 0 0 5.07 24.88 9.21 172.1
-1.414 0 0 0 5.03 25.63 8.82 164.5
0 1.414 0 0 6.15 18.69 10.21 181.5
0 -1.414 0 0 5.202 27.1 83 170.3
0 0 1.414 0 2.842 12.42 4.22 175.7
0 0 -1.414 0 3.818 21.18 471 172.3
0 0 0 1.414 5.285 12.77 6.06 182.5
0 0 0 -1.414 3.947 22.18 452 180.5
0 0 0 0 5.462 13.37 5.82 197
R<10, O<20DZ 4¥A o (1)*S 5 9 4. 101 &

oo AREAo RN ofeg 2 Ao] Qolal
.

F>(24.3-0.434V-1.52S)/33.3 Q)*
F<(-3.8+0.131V+0.3527S)/5.95 (3)*
F<(20D-0.0568V2-5.27S)/64.02 (4)*
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Table 4. Optimized drilling conditions

v D s F. F_.. F,on L.

30 7 322 0.19 0.31 1.12 4.67
30 8 3.68 0.17 0.35 1.39 495
30 9 4.14 0.15 0.39 1.67 5.24
30 10 4.60 0.13 0.43 1.94 5.55
30 1 5.06 0.11 0.47 2.21 5.88
30 12 5.52 0.09 0.51 2.49 6.22
30 13 5.98 0.07 0.55 2.76 6.58
35 7 3.22 0.13 0.42 0.83 5.61
35 8 3.68 0.11 0.46 L1l 5.88
35 9 4.14 0.08 0.50 1.38 6.17
35 10 4.60 0.06 0.54 1.65 6.48
35 11 5.06 0.04 0.58 1.93 6.81
35 1z 5.52 0.02 0.62 2.20 7.15
35 13 5.98 0.00 0.66 2.47 7.51
40 7 YY) 0.06 0.53 0.50 6.44
40 8 3.68 0.04 0.57 0.77 6.81
40 9 4.14 0.02 0.61 1.05 7.1
40 10 4.60 0.00 0.65 1.32 742
40 1 5.06 -0.02 0.69 1.60 7.74
40 12 5.52 -0.04 0.73 1.87 "~ 8.08
40 13 5.98 -0.06 0.77 2.14 8.4
45 7 3.22 0.00 0.64 0.12 5.55
45 8 3.68 -0.02 0.68 0.40 6.70
45 9 414 -0.05 0.72 0.67 7.86
45 10 4.60 -0.07 0.76 0.95 8.35
45 1 5.06 -0.09 0.80 122 8.67
45 12 5.52 ‘ -0.11 0.84 1.49 9.02
45 13 5.98 -0.13 0.88 1.77 9.38

S" is the drill speed value that satisfies (1)*.

F is the minimum feed rate value derived from constraint (2)* when S=S*.

F .. is the maximum feed rate value derived from constraint (3)* when S=S*.

F a0 is the maximum feed rate value derived from constraint (4)* when S=S*.

L e is the maximum life calculated from Eq (1) when S=S* and F=Min(F, ;> Fou0)-
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