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Effect of Coating and Machining Parameters on Surface Finish
in Dry Drilling of Aluminium 6061
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School of Mechatronics Engineering, Korea University of Technology and Education

Abstract

In this paper, the performance of uncoated- and Titanium nitride aluminium TiAIN-PVD coated- carbide twist drills
were investigated when drilling aluminium alloy, Al 6061. This research focuses on the optimization of drilling parameters
using the Taguchi technique to obtain minimum surface roughness and thrust force. A number of drilling experiments
were conducted using the L9 orthogonal array on a CNC vertical machining center. The experiments were performed on
Al 6061 material 1 blocks using uncoated and coated HSS twist drills under dry cutting conditions. Analysis of
variance(ANOVA) was employed to determine the most significant control factors. The main objective is to find the
important factors and combination of factors influence the machining process to achieve low surface roughness and low
cutting thrust force. From the analysis of the Taguchi method indicates that among the all-significant parameters, feed
rate are more significant influence on surface roughness and cutting thrust than spindle speed.
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Table 1. Chemical composition of Al 6061. [wt,%]
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Mn Cr Fe Al
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Fig. 3. Coated and uncoated carbide tool.

Table 2. Specification of experiment device.

Name Model Co. Ltd
CNC vertical M/C TNV-80A | Tong-I1 heavy Ind.
Tool dynamometer 5223A KISTLER
Surface Roughne§s SURF 5000 MAHR
Measurement Device
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2.2. LM ¥ (Taguchi method)
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Table 3. Cutting parameters and their levels.

Levels
Factors | Symbol | Parameters
1 2 3
A Spindle speed| 400 | 800 | 1200
Control
B Feed rate 0.1 | 0.15| 0.2
. N, coated
Noise
N, uncoated

Table 4. Experimental results for Ra and their corres-
ponding S/N ratio of coated- and uncoated- drill.

Inner array Outer array

A B Ra(C) S/N(C) | Ra(UC) | S/N(UC)
1 1 0.7345 | 2.68016 | 1.4540 | -3.2513
1 2 1.2565 | -1.98325 | 1.8605 | -5.3926
1 3 1.6805 | -4.50877 | 1.8090 | -5.1488
2 1 1.1250 | -1.02305 | 2.6950 | -8.6112
2 2 1.4330 | -3.12492 | 1.6565 | -4.3838
2 3 2.1605 | -6.69109 | 1.5670 | -3.9014
3 1 1.6915 | -4.56544 | 1.3450 | -2.5744
3 2 1.4645 | -3.31379 | 1.6150 | -4.1635
3 3 1.6010 | -4.08783 | 3.6060 | -11.1405
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Fig. 4. Normal probability plot of surface roughness
(coated drill).
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Table 5. ANOVA analysis for surface roughness Ra with o
coated drill.
Source | df | Seq. SS | Adj. MS F P
A 2 | 02569 0.1264 1.21 0.389 -é
B 2 | 0.6220 0.3110 2.97 0.162 é
Error | 4 | 04186 | 0.1046 3
Total | 8 1.2935 § -
=
—@— Spindle speed 5
Table 6. ANOVA analysis for surface roughness Ra with 3 O Fedre N mmtos °
uncoated drill. . | . . . ' '
Source | df | Seq. SS | Adj. MS F P At A2 A3 B B2 B3
A > 03480 0.1740 021 0818 Level of process parameters(coated drill)
B > | 06409 03204 039 0.701 Fig. 5. 1(\1/[?1:111 effects plot (data mean) for S/N ratios (coated
Error | 4 | 3.2931 | 0.8233 b
Total | 8 | 4.2820 0
Table 7. S/N ratio of level for smaller the better charac- ”
teristics. S
o
Level AC) B(C) A(UC) B(UC) z
1 -1.2706 -0.9694 -4.598 -4.812 %
2 -3.6130 -2.8073 -5.632 -4.647 é
3 -3.9890 -5.0959 -5.959 -6.730 54 & Spindie speed
Delta 2.7184 4.1265 1.362 2.084 — — Overalimean of SN ratios °
Rank 2 1 2 1 e M a2 A3 81 B2 B
Level of process parameters(uncoated drill)
Fig. 6. Main effects plot (data mean) for S/N ratios (uncoated
o] TS AT EH 10% Folg=rolA oSt ~9E drill).
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Table 8. Experimental results for thrust force Fz and their -56
corresponding S/N ratio of coated drill. o
57 4

Inner array Outer array

(2
A B F,[N] SIN 2 581
1 1 735.24 -57.3286 <

52 .59<7777.7k:’7‘.7777777f ,,,,,,,
1 2 930.82 -59.3773 ° .

S
1 3 1120.49 -60.9882 L e Soindle speea

Rae] Feed rate
2 1 688.48 -56.7578 14 — — Overall mean of S/N ratios °
2 2 924.06 -59.3140
-62 T T T T T T
2 3 1103.30 -60.8539 Al A2 A3 B1 B2 B3
3 1 637.40 -56.0882 Level of process parameters(coated drill)
3 5 93333 59,4007 Fig. 7. Main effects plot (data mean) for S/N ratios
(coated drill).

3 3 1136.65 -61.1125

Table 9. ANOVA analysis for thrust force F; of coated

drill.
Source | df | Seq. SS | Adj. MS F P
A 2 1,260 630 0.61 0.587
B 2 | 282704 | 141352 | 136.84 | 0.000
Error | 4 4132 1033
Total | 8 | 288096
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