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Evaluation of surface roughness in turning of epoxy-glass composite tubes
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ARTICLE INFORMATION ABSTRACT

Today, composite materials are used extensively in aerospace automotive and defense industries
compared to metals, because of their high strength to weight ratio and good corrosive resistance.
Machining of these materials regard to their composite structure is complicated. Achieving optimal
machining conditions, depending on the needs, requires proper analysis and careful investigation based
on the type of fiber and resin used in composites. In this study, composite pipes made of glass-epoxy to
a thickness of 5 millimeters, which are often used in the body of Aerospace structures, are produced by
hand lay-up and their surface roughness is measured after turning process. In order to obtain the
minimum roughness in the turning process, tool type in two modes, cutting speed, feed rate, and depth
of cut are studied at three different levels. After the design of experiments with Taguchi method and
tests on samples of pre-built, roughness measurements carried out surveys and analyzes. Finally, it is
concluded that the minimum value of the surface roughness is obtained by tools with chip-breaking
levels, cutting speed 100 m/min, feed rate 0.05 mm/rev, and the depth of cut 1.5 mm.
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Fig 1 Ishikawa cause effect diagram of a turning process [18]
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Fig 2 Lathe machine and machining set up
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Table 3 Selected process parameters and their levels
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Table 4 Taguchi’s experimental layout using L18 orthogonal array
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D f 14 S5l oiles]
0.5 0.05 100 Full grade 1
1.0 0.11 100 Full grade 2
1.5 0.16 100 Full grade 3
0.5 0.05 140 Full grade 4
1.0 0.11 140 Full grade 5
1.5 0.16 140 Full grade 6
1.0 0.05 200 Full grade 7
1.5 0.11 200 Full grade 8
0.5 0.16 200 Full grade 9
1.5 0.05 100 CBN 10
0.5 0.11 100 CBN 11
1.0 0.16 100 CBN 12
1.0 0.05 140 CBN 13
1.5 0.11 140 CBN 14
0.5 0.16 140 CBN 15
1.5 0.05 200 CBN 16
0.5 0.11 200 CBN 17
1.0 0.16 200 CBN 18

12 ol 16 09 1395 suawl (e Sl wdie

Fig. 3 Roughness measuring device and how to test surface roughness
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Table 6 analysis of variance model surface roughness
Jlade e Egome “?)f Jele
P F Sl yo ol
0.018 10.21 48.68 13 Jawe
0.0018 54.71 20.06 1 Tool
0.0067 22.47 16.48 2 14
0.2353 2.12 1.56 2 f
0.6158 0.55 0.40 2 D
0.1834 2.67 1.96 2 ToolxV
0.2338 2.14 1.57 2 ToolX f
0.0879 4.75 3.48 2 ToolxD
0.000 0 Dx f
0.000 0 DxV
0.000 0 fxv
1.47 4 oaslesdly
50.15 17 N\
95
90 .
80 <’
g 60 e
= o
S 40 .
20 >
10 .

04 -03 -02 -01 00 01 02 03 04
Residual
Fig. 7 Normal plot of residuals
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Table 5 The results of the tests

Ra (pm) (s ) ol5es awgio byl o)lets
3.79 1
4.70 2
5.40 3
6.63 4
5.63 5
6.01 6
7.10 7
6.06 8
5.42 9
5.01 10
6.27 11
7.04 12
8.90 13
7.84 14
10.58 15
6.80 16
8.32 17
8.96 18
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Table 6 Groups of roughness measurements
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Fig. 10 The impact of feed rate and type of tools on the roughness plot
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Fig. 11 The impact of cutting depth and type of tools on the roughness
plot
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