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A Study on the Standard Roughness for SUS440C Internal
Diameter Machining Using a CNC Automatic Lathe
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{Abstract)

The multi-axis combined machining technology has enabled combined machining,
which was difficult. However, the reality is that manufacturing costs are rising due to
expensive equipment and there is a shortage of machine operation engineers. The
purpose of this research is to present the optimum cutting conditions for the surface
roughness when processing the inner diameter of SUS440C, which is an egg material,
using a CNC automatic lathe. As a result of measuring the surface roughness, dry
machining was the best at £,0.481um at a spindle speed of 4,000rpm, a feed rate of
0.05rev/min, and a cutting depth of 0.3mm. In wet machining, the highest value was
R,0.317 at a spindle speed of 2,000 rpm, a feed rate of 0.05 rev/min, and a cutting
depth of 0.2 mm. The lower the feed rate, the better surface roughness appears. It
was found that the feed rate had more influence than the number of revolutions and
depth of cut.
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Fig. 1 CNC automatic lathe for experiments
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Table 1. CNC Automatic lathe specification

Item Specification
Manufacturer Hanwha
Model XD381
Max..Turing(mm) @38
Max. Stroke main 320
(mm) sub 280
main 6,500
Spindle cross drill(main) 6,000
speed ¢
(rpm) sub ,SOO
back tool 6,000

Fig. 2 Photograph of surface roughness tester

Table 2. Specification of surface roughness

Item Specification
Manufacturer Kosaka Ilaboratory
corporation(Japan)

Model Surfcoder-F501

Driving Method One reciprocation

measurement: 0.002~10

Driving speed(mm/sec)
Auto return : 2~10

Ra,Rz,RmaxRy),Pq,Pp,Rq,

Measuring values RERy

Cut-off values available | 0.008, 0.25, 0.8, 8, ,25

Dimension(mm) 600 X 395 x 593
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Fig. 3 Drawing of surface roughness measurement
area

Fig. 4 Surface roughness measurement area after
internal hole processing
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Table 3. Lathe tip shape and dimensions(mm)

IC S

6.35 2.38

Table 4. Iner diameter holder shape and dimensions

(mm)
DCIBNS | H IF |IDRED| WF | Dmin
8 7 12.5 6 11
W ——1—

Table 5. Chemical composition of specimens

Element SUS440C(%)
C 095~ 1.2
Si 1.0 or less
Mn 1.0 or less
P 0.04 or less
0.03 or less

Ni 0.6 or less
Cr 16.0~ 18.0
Mo 0.75 or less

Fig. 5 Previous experiments
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Fig. 6 After the experiments
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Table 6. Experimental conditions of cutting process

. Spindle speed| Feed rate | Depth of cut
Workpiece (rpm) (mm/rev) (mm)
0.05
0.1
1,000 o 0.1
2,000 0 '25 0.2
SUS440C0 3,000 0 3 0.3
4,000 0 3 5 0.4
5,000 04 0.5
0.45
0.5
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Table 7. Surface roughness according to cutting
parameters during dry machining(1,000rpm)

Feed rate Depth of cut(mm)

(mm/rev) | 01 | 02 | 03 | 04 | 05
0.05 1.179 | 1.273 | 1.73 | 0.789 | 0.853
0.1 2.03 | 2.199 | 1.872 | 2.061 | 1.937
0.15 2.955 | 3.043 | 2.743 | 2.381 | 1.585
0.2 4.012 | 3.496 | 2.584 | 3.182 | 2.513
0.25 5.095 | 3.347 | 3.112 | 3.547 | 4.664
0.3 5179 | 5.7 | 5.63 | 5.849 | 4.735
0.35 6.576 | 5.899 | 6.236 | 6.384 | 6.044
0.4 7.561 | 6.391 | 7.03 | 7.234 | 7.034
0.45 7.779 | 7.072 | 7.878 | 7.429 | 7.455
0.5 8.072 | 7.361 | 8.136 | 8.402 | 8.491

Table. 8. Surface roughness according to cutting
parameters during dry machining(2,000rpm)

Feed rate Depth of cut(mm)

(mm/rev) | 01 | 02 | 03 | 04 | 05
0.05 1.075 | 0.828 | 0.744 | 0.602 | 0.531
0.1 1.041 | 1.352 | 1.422 | 1.873 | 1.431
0.15 1.867 | 1.948 | 2.51 |2.692 | 2.803
0.2 3.327 | 3.985 | 4.489 | 2.979 | 3.167
0.25 3.371 | 4.072 | 4.773 | 4.052 | 4.128
0.3 4.536 | 4.213 | 5.548 | 4.145 | 5.042
0.35 5.682 | 5.941 | 6.617 | 6.675 | 5.168
0.4 6.926 | 6.824 | 6913 | 6.688 | 5.361
0.45 7.753 | 7.574 | 7.482 | 7.516 | 6.732
0.5 8.343 | 7.852 | 7.566 | 8.062 | 7.52
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Table 9. Surface roughness according to cutting Table 12. Surface roughness according to cutting
parameters during dry machining (3,000rpm) parameters during wet machining (1,000rpm)

Feed rate Depth of cut(mm) Feed rate Depth of cut(mm)

(mm/rev) 0.1 0.2 03 0.4 05 (mm/rev) 0.1 0.2 0.3 0.4 0.5
0.05 0.728 | 0.693 | 1.131 | 1.062 | 0.909 0.05 0.632 | 0.527 | 0.318 | 0.374 | 0.487
0.1 1.082 | 1.075 | 1532 | 1.51 | 1.232 0.1 1.166 | 1.365 | 1.383 | 1.125 | 1.016
0.15 248 | 1.739 | 1.744 | 1.876 | 2.72 0.15 1.794 | 1.958 | 2.125 | 2.917 | 1.969
0.2 2.506 | 2.266 | 2.353 | 3.073 | 3.861 0.2 1.969 | 2.889 | 2.485 | 3.881 | 4.108
0.25 4265 | 3.013 | 4.11 | 3.249 | 4.303 0.25 4.023 | 4.669 | 4.518 | 4.014 | 4.136
0.3 4,667 | 4.13 | 4.767 | 4.344 | 4.961 0.3 3.904 | 4.417 | 4.414 | 5.126 | 5.871
0.35 5.941 | 5.898 | 5.551 | 6.119 | 6.325 0.35 536 | 5.428 | 5.436 | 5.088 | 5.821
0.4 5.886 | 6305 | 6.897 | 6.408 | 6.73 0.4 7.138 | 6.664 | 6.376 | 6.863 | 5.941
0.45 6.828 | 6.94 | 7.359 | 7.261 | 7.523 0.45 7.367 | 7.506 | 6.529 | 7.723 | 7.742
0.5 7.418 | 7.332 | 7.612 | 7.891 | 8.333 0.5 7.379 | 6.887 | 6.987 | 7.796 | 8.206

Table 10. Surface roughness according to cutting Table 13. Surface roughness according to cutting
parameters during dry machining (4,000rpm) parameters during wet machining (2,000rpm)

Feed rate Depth of cut(mm) Feed rate Depth of cut(mm)

(mm/rev) 0.1 0.2 0.3 0.4 0.5 (mm/rev) 0.1 0.2 0.3 0.4 0.5
0.05 1.057 | 0.932 | 0.481 | 0.751 | 1.172 0.05 0.337 | 0.317 | 0.382 | 0.496 | 0.401
0.1 1.887 | 1.092 | 1.332 1.52 1.041 0.1 1.171 | 1.056 | 1.267 | 1.593 | 1.237
0.15 1.976 1.54 1.964 | 1.758 | 2.019 0.15 1.984 | 2.077 | 2.317 | 2.701 | 2.748
0.2 2.731 | 3.101 | 2.479 | 2.897 | 3.158 0.2 3.199 | 2.848 | 3.766 | 3.078 | 3.049
0.25 3.718 | 3.197 | 4.074 | 4.779 | 3.449 0.25 4.166 | 3.906 | 4.261 | 4.54 | 4.366
0.3 4969 | 4.826 | 5.215 | 5.49 | 3.829 0.3 439 | 3.992 | 4.334 | 4306 | 4.961
0.35 5.126 | 6359 | 5.934 | 5.82 591 0.35 5.326 | 4.919 | 4.997 | 5.616 | 5.392
0.4 5.671 | 6.372 | 6.651 | 7.225 | 6.309 0.4 0.662 | 7.696 | 6.141 | 6.244 | 7.51
0.45 7.003 | 6.83 | 7.781 | 8.086 | 6.254 0.45 7.966 | 7.066 | 6.904 | 7.645 | 8.657
0.5 7.134 | 7.739 | 8.252 | 827 | 6.999 0.5 7.794 | 9.363 | 9.164 | 7.737 | 8.744

Table 11. Surface roughness according to cutting Table 14. Surface roughness according to cutting
parameters during dry machining(5,000rpm) parameters during wet machining(3,000rpm)

Feed rate Depth of cut(mm) Feed rate Depth of cut(mm)

(mm/rev) 0.1 0.2 0.3 0.4 0.5 (mm/rev) 0.1 0.2 0.3 0.4 0.5
0.05 1.295 | 0.935 | 0.859 | 09 | 1.447 0.05 0.665 | 0.538 | 0.646 | 0.667 | 0.777
0.1 1.067 | 0.983 | 1.635 | 1.048 | 1.269 0.1 1359 | 1.279 | 1.214 | 1.241 | 1.129
0.15 1.639 | 1596 | 1.844 | 235 | 2.255 0.15 1749 | 2382 | 2.088 | 2.439 | 2.376
0.2 2354 | 3.137 | 2.519 | 2.746 | 2.938 0.2 2281 | 2.455 | 2.703 | 3.67 | 2.55
0.25 3.463 | 4.534 | 3.275 | 2.914 | 3.94 0.25 4221 | 2962 | 4838 | 438 | 4.141
0.3 5.973 | 5.252 | 5.066 | 4.316 | 4.325 03 5.102 | 3.756 | 5.705 | 3.798 | 451
0.35 6.101 | 6.685 | 5.686 | 5.582 | 4.68 0.35 6.135 | 5.354 | 5.41 | 4.982 | 5.744
0.4 6.394 | 6.873 | 6.061 | 6.883 | 7.198 0.4 6.829 | 5.977 | 5.559 | 5.648 | 5.843
0.45 8.038 | 7.816 | 6.541 | 7.573 | 7.783 0.45 7.837 | 6.516 | 6.974 5.9 6.304
0.5 8.341 | 8.321 | 8317 | 8.076 | 8.219 0.5 8.647 | 6.837 | 7.832 | 8.424 | 7.379




Table 15. Surface roughness according to cutting
parameters during wet machining (4,000rpm)

Feed rate Depth of cut(mm)

(mm/rev) 0.1 0.2 0.3 0.4 0.5
0.05 0.447 | 0.897 | 0.846 | 0.488 | 0.49
0.1 0.733 | 1.411 | 1.051 | 1.198 | 1.222
0.15 1.877 | 2.051 | 2.342 | 2.305 | 2.288
0.2 2.569 | 3.013 | 2.925 | 2.214 | 3.398
0.25 3213 | 3.92 | 3.851 | 3.634 | 3.658
0.3 3.633 | 4.227 | 3.2 | 3.778 | 4.941
0.35 5.289 | 6.049 | 5.732 | 5.763 | 4.833
0.4 5917 | 7.064 | 6501 | 5.873 | 5.401
0.45 7.389 | 7.317 | 6.46 | 6.636 | 6.549
0.5 7.801 | 7.745 | 7.613 | 8.657 | 7.177

Table 16. Surface roughness according to cutting
parameters during wet machining(5,000rpm)

Feed rate Depth of cut(mm)

(mm/rev) 0.1 0.2 0.3 0.4 0.5
0.05 0.961 | 035 | 0.393 | 0.54 | 1.256
0.1 1.216 | 1.293 | 1.696 | 1.061 | 1.85
0.15 1.819 | 2.008 | 2.691 | 2.532 | 2.881
0.2 2436 | 2.669 | 2.213 | 2.572 | 2.548
0.25 4748 | 4.033 | 5.124 | 2.836 | 2.779
0.3 5.468 | 4.659 | 5.211 | 5.055 | 5.217
0.35 593 | 5.78 | 4.78 | 5.897 | 5.423
0.4 6.751 | 6.375 | 6.088 | 6.313 | 6.269
0.45 7.931 | 8.245 | 5.927 | 6.118 | 7.775
0.5 8.122 | 9.454 | 7.039 | 6.302 | 7.135
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Fig. 7 Surface roughness during dry processing of
SUS 440C steel (1,000 rpm)
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Fig. 8 Surface roughness during dry processing of
SUS 440C steel (2,000 rpm)
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Fig. 9 Surface roughness during dry processing of
SUS 440C steel (3,000 rpm)
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Fig. 10 Surface roughness during dry processing
of SUS 440C steel (4,000 rpm)
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Fig. 11 Surface roughness during dry processing of
SUS 440C steel (5,000 rpm)
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Fig. 12 Surface roughness during wet processing
of SUS 440C steel (1,000 rpm)
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Fig. 13 Surface roughness during wet processing
of SUS 440C steel (2,000 rpm)
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Fig. 14 Surface roughness during wet processing
of SUS 440C steel (3,000 rpm)
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Fig. 15 Surface roughness during wet processing
of SUS 440C steel (4,000 rpm)
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Fig. 16 Surface roughness during wet processing
of SUS 440C steel (5,000 rpm)
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