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Investigation of Microhardness and White Layer in Milling of Hardened Steel
Using Response Surface Methodology
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Hard steels are widely used in automotive industry, molding and production of well drilling bits because
Received 03 October 2015 of their high wear resistance and strength. Tendency toward hard machine of these steels is growing

Accepted 31 October 2015

Available Online 21 November 2015 with the purpose being to achieve high dimensional and geometrical accuracy, increased productivity

and improved workpiece properties. In this research, relation between cutting parameters and final

Keywords: surface integrity in hard milling process of a workpiece made out of 4340 steel while using minimum
Hard Steel quantity lubrication system is studied. Different parameters were considered in three levels as main
Microhardness milling parameters including: cutting speed, feed rate, axial and radial depth of cut, consequently the
White Layer effect of these parameters on surface microhardness and white layer thickness were studied using

Response Surface Response Surface Methodology (RSM). The analysis of variance (ANOVA) showed that a model of

quadratic polynomial function would work perfectly to estimate microhardness and it can also estimate
experimental results while a linear model can evaluate white layer thickness changes, better. Also,
Statistical analysis revealed that all cutting parameters increase microhardness and white layer
thickness. Feed rate with 73.1% and cutting speed with 14.4% had more effect on microhardness
comparatively. White layer thickness also varied between 7.6 pm and 16.1 um while different cutting
conditions were applied and cutting speed with 81.3% and feed rate with 9.4% had the most effects on
white layer thickness.
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Table 3 Analysis of variance for milled surface microhardness model
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1.91 0.04 9.89 1 872/8 ay,
0.77 0.058  3.98 1 333.1 apxf,
4.62 24 20092  oxiledl
0.088  3.44 19 18663 bkl pae
5 142.8 1
100 29 434434 Js
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Table 1 Milling experiments and their variation levels
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Table 2 Response surface design array and results

WLT H ¢ y . . o lods
(Um)  (Hv) ’ ‘ ? P Shales]
9.4 479 0.02 50 1 15 1
13 519 004 100 2 1 2
135 522 004 100 2 1 3
7.6 472 0.02 50 3 05 4
155 602 0.06 150 1 1.5 5
144 498 002 150 3 05 6
127 510 0.02 150 1 0.5 7
150 574  0.06 50 3 15 8
129 531 004 100 2 1 9
8.7 470 0.02 50 1 0.5 10
156 607 006 150 3 1.5 11
8.1 478  0.02 50 3 1.5 12
119 524 004 100 2 1 13
161 596 006 150 3 0.5 14
155 589 006 150 1 0.5 15
8.8 534  0.06 50 1 0.5 16
9.6 541  0.06 50 3 0.5 17
150 568  0.06 50 1 1.5 18
133 509 002 150 3 15 19
131 502 0.02 150 1 1.5 20
11.8 513  0.04 100 2 0.5 21
152 553  0.04 100 2 1.5 22
154 537  0.04 150 2 1 23
131 522 004 100 3 1 24
116 533 004 100 2 1 25
111 492 002 100 2 1 26
8.2 498  0.04 50 2 1 27
122 526 004 100 2 1 28
131 567 006 100 2 1 29
10.8 497 004 100 1 1 30
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Fig. 3 Milled surface microhardness variations versus cutting
parameters a)axial depth of cut b)radial depth of cut c) cutting
speed d) feed rate
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Fig. 4 Response surface for significant interaction of axial depth of cut
and feed rate on the surface microhardness
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Fig. 6 Image of formed white Iayer and measuring method in
experiment No. 23
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Fig. 5 Comparison of predicted and empirical results for microhardness
in each experiments
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