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The effect of workpiece hardness and cutting parameters on surface roughness
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Machining of hard steels has its own problems. According to the recent advances in implementation of
Received 18 April 2017 new cutting tools, the machining of hard steels with operations such as turning and milling is possible

Accepted 08 May 2017

Avaiiable Online 15 June 2017 and it can be replaced with some grinding operations. Turning of workpieces with 45 HRC or upper

hardness is called hard turning. The aim of this article is the investigation of the effect of workpiece

hardness and cutting speed and feed rate parameters on surface roughness in hard turning of cold work

Ezm?ﬂfmg tool steel X210Cr12 or SPK in dry condition. To achieve this goal, the workpieces of X210Cr12 steel
Surface roughness were hardened with different heat treatment cycles such that their hardness lay in the hard turning range.
Workpiece hardness Then the workpieces were machined with different cutting parameters using CBN tool and the resulted
g:etgr;gt:peed surface roughness were compared. Experimental tests were designed with full factorial method and
totally 36 tests have been done. According to obtained results of experimental tests and analysis of
variance, the effect of feed rate and workpiece hardness on surface roughness was 90.4% and 8.3%,
respectively. The effect of cutting speed on surface roughness is negligible. Increasing the feed rate
resulted in the upper surface roughness. Increasing the workpieces hardness to 50 HRC decreased
surface roughness and increasing workpieces hardness from 50 to 65 HRC, increased surface roughness.
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Table 2 the tempering conditions workpices and the resulted
hardnesses
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Table 1 Chemical composition of X210Cr12 steel by using
spectrometer
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Fig. 3 Effect of cutting speed on surface roughness in feed rate of 0.05
mm/rev and various workpiece hardness
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Table 4 Design of experiments and the measured surface roughness values

0.05

o
I
[N

f(mm/rev)

Fig. 1 Effect of feed rate on average surface roughness in various
workpiece hardness with cutting speed of 88 m/min
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Fig. 2 Main effects plot for means on surface roughness
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Fig 4 Effect of workpice hardness on surface roughness in feed rate of
0.05 mm/rev and various cutting speeds
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Table 5 Analysis of variance for surface roughness
Source DF Seq SS Contribution Adj SS AdjMS  F P

Feed rate 2 2277 90.4% 22.77 11.73471015.07 0
Hardness 3 2083 8.27% 18597 0.694 6191 0

Cutting Fig 5 microstructure of the steel X210Cr12 in hardness a- 40 HRC, b-
speed 2 0020 0.08% 0.0076 0.010 0.92 0.411 45 HRC, ¢- 50 HRC, d- 65 HRC

Error 28 0314 125% 0.4109 0.0112 ~z «45 HRC-C, 40 HRC -Gl 5o o X210CT12 Y8 sl 53,5 JSob
Total 35 25.19 100.00% 65 HRC -s 50 HRC
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