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Effects of Cutting Conditions on Surface Roughness in Turning

Sin-Young Lee*, Hong-Nam Kim**

ABSTRACT

The effects of the cutting conditions on the surface roughness of workpiece in tuming were studied in this paper.
The workpieces made of carbon steel SM20C and SM45C were turned without the support of the tailstock center.
Cutting conditions were changed in three or four steps in each parameter and cutting fluid was used. The surface
roughness results of tests were measured and the effects of the cutting conditions were analyzed by the method of
analysis of variance. The summary of the experimental research is as follows. The main parameters were cutting speed,
feed-rate, depth of cut, and the interactions between speed and feed-rate, speed and depth of cut, and feed and depth of
cut. As cutting speed increased, surface roughness showed lower value. The surface roughnesses of feed-rate 0.102

mm/rev and 0.147 mm/rev were better than those of feed-rate 0.05 mm/rev and 0.2 mm/rev.
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Table 1 Analysis of variance table for 4 factor model

Source DOF MS Fo
A a-1 SS4/(a-1) MS./MSk
B b-1 SSp/(b-1) MSp/MSg
C -1 SSc/(c-1) MS/MSk
D d-1 SSp/(d-1) MS/MSE
AB | (a-1)(b-1) | SSas/(a-1)(b-1) | MSip/MSk
AC | (a-1)c-1) | SSac/(a-1Xc-1) | MS/MSg
AD | (a-1)(d-1) | SSap/(a-1)(d-1) | MS:/MSk
BC | (b-1)(c-1) | SSsc/(b-1)(c-1) | MSp/MSg
BD | (b-1)(d-1) | SSan/(b-1)(d-1) | MSp/MSk
CD | (c-1Xd-1) | SSenl(c-1)(d=1) | MScp/MSE
Error DOFy SSe/DOF
Total | abcdn-1
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Table 2 Specifications of the lathe

[tem Spec.
swing over bed 400 mm
Machine -
.. | swing over saddle 236 mm
capability
center distance 750 mm
main spindle ASA Al-6
speed range 23 - 1800 rpm
Headstock -
spindie hole 352 mm
taper of spindle MT #6
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Fig. 1 Shape and dimensions of testpieces

Table 3 Selected cutting conditions

Cutting speed Feed-rate Depth of cut

(m/min) (mm/rev) (mm)

vy = 43,96 f1=0.051 t;=0.5

va = 69.08 £=0.102 t2=1.0

vy = 94.20 £,=0.147 t=1.5

vs = 138.16 f,=0.204 t4=2.0
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Table 4 Measured surface roughness with SM20C (unit : (m)

Cutting speed(m/min) 43.96 69.08 94.2 138.16

Feedrate Depth of Location Location Location Location
(mm/rev) cut(mm) 1 2 3 1 2 3 1 2 3 1 2 3
0.5 49 | 40 | 20125 {35 383313737112 ] 18120
0.051 1.0 36 1421451294123 (251041050211 14/]05]05
e 1.5 24 [ 2211712629 26104 |04 |06]04]05]| 04
2.0 44 | 48 | 56 |36 {37 |36 | 1.1 |12 13]12]08]| 06
0.5 27 |50 | 3821 {23 201192326120 1110
0.102 1.0 41 (34164 (07 (07 (08 (1517150090910
1.5 16 | 16 145107107 |06 |15 15114]09 101 1.0
2.0 16 [ 1,7 09121 0606111} 12]|14}104]|05] 06
0.5 74 {42 {53129 |26 282512220109 101 1.0
0.147 1.0 36 13433110/ 08)08]20;20)]201]08] 08} 08
1.5 221 t7 1191091210107 07 ]07}1010110
2.0 22 118120} L1 | 17012110111 1.0}109] 101 08
0.5 44 139146 |26 127 | 34}23 2124|1411 1.0
0204 | 1.0 44 137 31106 071091719 151213112
1.5 26 129 129108 07 06| 1314|1313 ]14]13
2.0 31 26 [ 25120510613 |12 1411|1214

Table 5 Measured surface roughness with SM45C (unit :gm)
Cutting speed(m/min) 43.96 69.08 942 138.16

Feedrate | Depth of Location Location Location Location
(mm/rev) | cut(mm) I 2 3 I 2 3 I 2 3 I 2 3
0.5 34 132 29132132 |30] 30| 3.1 2.8 1.9 1.9 1.9
0.051 1.0 33 135 (4213013538341 33 3.7 0.6 06 | 0.5
1.5 40 142 39|43 |37 |37 (34 33 4.0 1.5 0.7 0.7
2.0 37 137 {46 (3635|3220 1.0 | 0.9 1.7 0.7 0.4
0.5 38 37 36|35]321]20]27] 30 2.9 1.8 1.7 1.6
0.102 1.0 43 | 50 | 44 | 36 | 3.6 | 3.2 | I 1.2 1.5 1.0 0.7 1.2
1.5 49 | 42 | 49 | 23 |23 (32107 ]| 06 0.6 06 | 06 0.6
2.0 51143 7502323 |21]07] 07 0.8 0.6 0.7 0.7
0.5 55|46 | 49| 22 3 25116 | 1.3 1.3 1.2 1.2 1.2
0.147 1.0 40 | 42 |1 40 | 23 |24 |25} 12| 12 0.9 1.1 1.1 1.2
1.5 22 119 119119 |19 |24] 10| 08 1.0 1.0 1.0 1.0
2.0 23 124 [ 21125123 |201]08] 09 0.9 1.0 1.1 0.7
0.5 33 |35 (32118 | 18| 18129 24 24 1.4 1.3 1.3
0.204 1.0 27 32131121 (22|21 ]38 34 32 1.5 1.4 1.5
1.5 21 | 3.1 12312526 |28]32] 32 3.1 1.5 1.5 1.5
2.0 19 | 1.8 | 25132 132 |32]32 | 36 3.1 1.4 1.4 1.5
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Table 6 Analysis of variances for SM20C

Source SS DOF MS F ratio F(1%) | F(5%) Significant
Speed 147.90 3 49.30 100.93 3.95 2.68 at 1 percent
Feed 8.105 3 2702 5.531 3.95 2.68 at 1 percent
Depth of cut 5091 3 16.97 34.746 3.95 2.68 at 1 percent
Location 0.173 2 0.087 0.177 4.79 3.07
Speed - Feed 20.56 9 2.284 4.677 2.56 1.96 at 1 percent
Speed - Depth 19.96 9 2218 4.541 2.56 1.96 at 1 percent
Speed - Location 0.680 6 0.113 0.232 2.96 2,17
Feed - Depth of cut 11.91 9 1.324 2.710 2.56 1.96 at 1 percent
Feed - Location 1.413 6 0.236 0.482 2.96 2.17
Depth of cut - Location 0.542 6 0.090 0.185 2.56 2.17
Error 65.94 135 0.488
Total 328.11 191
Table 7 Analysis of variances for SM45C
Source SS DOF MS F ratio F(1%) F(5%) Significant
Speed 150.24 3 50.08 147.80 3.95 2.68 at 1 percent
Feed 16.56 3 5.520 16.292 3.95 2.68 at 1 percent
Depth of cut 5.901 3 1.967 5.805 3.95 2.68 at 1 percent
Location 0.139 2 0.070 0.206 4.79 3.07
Speed - Feed 50.699 9 5.633 16.625 2.56 1.96 at 1 percent
Speed - Depth 5.994 9 0.666 1.965 2.56 1.96 at 5 percent
Speed - Location 0.284 6 0.047 0.140 2.96 2.17
Feed - Depth of cut 10.493 9 1.166 3.441 2.56 1.96 at 1 percent
Feed - Location 0.278 6 0.046 0.137 2.96 2.17
Depth of cut - Location 0.877 6 0.146 0.431 2.56 2.17
Error 45744 | 135 0.339
Total 287.21 191
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Fig. 3 Surface roughness vs. cutting speed (SM45C)
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Fig. 5 Surface roughness vs. depth of cut (SM45C)
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