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Optimization of Surface Roughness of STS 304 in a
Turning Process
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ABSTRACT

The general manufacturing problem can be described as the achievement of a predefined product quality with

given equipment, cost and time constraints. Unfortunately, for some quality characteristics of a product such as

surface roughness it is hard to ensure that these requirements will be met. Stainless steels STS 304 is frequently used

as shaft materials in small fiber reinforced polymer(FRP) fishing boats. In this work, the dry turning parameters of

STS 304 are optimized by using Taguchi method. The experiments were conducted at three different cutting speeds

with three different feed and three different depth of cut. The cutting parameters are optimized using signal to noise

ratio and the analysis of variance. The effects of cutting speed and feed on surface roughness was analyzed. The

results revealed that the spindle speed is the more significant parameter influencing the surface roughness.
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Fig. 1. Surface roughness tester: se-500 series.
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Fig. 2(a). Cutting tool and (b) Workpiece used.

Table 1. Mechanical properties of STS304

Tensile strength Elongation Hardness
[MPa] [%] [HRB]
515 40 92
Table 2. Chemical composition of STS304
C Mn Si P
<0.008 <2.0 <1.0 <0.04
S Cr N -
<0.03 18~20 8.0~10.5 -

Table 3. Codes, parameters, and level values used for
orthogonal array

Control parameters Unit L, L, Ls
A : Depth of cut mm 0.1 0.3 0.50
B : Feed rate mmy/rev. 0.1 | 021 | 032
C : Spindle speed rpm 175 | 350 630
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Table 4. Experiment results for surface roughness and their
responding SN ratio for STS304

Outer noise factor array
Inner control factor array
Run Ra
SN ratio
A B C N1 N2
1 1 1 1 1.661 1.686 -4.473
2 1 1 2 3.292 3317 |[-10.382
3 1 1 3 5.857 5.820 | -15.326
4 1 2 1 1.299 1.300 -2.276
5 1 2 2 3.178 3.146 -9.999
6 1 2 3 5.391 5425 | -14.661
7 1 3 1 1.057 0.883 0.230
8 1 3 2 1.290 1.299 -2.242
9 1 3 3 3.785 3.833 [-11.616
10 2 1 1 1.016 1.065 -0.347
11 2 1 2 2.227 2.109 -6.724
12 2 1 3 4.695 4749 |-13.483
13 2 2 1 0.976 0.979 0.198
14 2 2 2 2.012 2.004 | -6.055
15 2 2 3 4.807 4712 | -13.552
16 2 3 1 0.806 0.912 1.304
17 2 3 2 2.135 2.155 -6.629
18 2 3 3 4.470 4.460 |[-12.996
19 3 1 1 0.853 0.844 1.427
20 3 1 2 1.723 1.732 -4.748
21 3 1 3 4.616 4.651 |[-13.318
22 3 2 1 0.742 0.751 2.539
23 3 2 2 1.856 1.842 -5.339
24 3 2 3 4.888 4900 [-13.793
25 3 3 1 0.715 0.709 2.950
26 3 3 1.905 1.897 -5.580
27 3 3 3 4.676 4.668 | -13.390
99
sl o
90 N 54
80 Pvlue <0005
. 70+
g 50
E 404

Experimental data

Fig. 3. Probability plot of experimental data (95% confidence

interval).
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Table 5. ANOVA analysis for cutting surface roughness

Source | df | Seq.SS | Adj.SS |Adj. MS F P
A 2 25.88 25.88 12.94 4.74 0.021
B 2 22.97 22.97 11.49 421 0.030
C 2 | 85042 | 850.42 | 42521 | 155.65 | 0.000
Error 20 54.64 54.64 2.73
Total 26 [ 953.91
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Fig. 4. Main effects plot of data means for surface roughness.
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Fig. 5. Main effects plot of SN ratios for surface roughness.
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Fig. 6. Interaction plot of data means for surface roughness.
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Fig. 7. Interaction plot of SN ratios for surface roughness.
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