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ABSTRACT

This study analyzes machining characteristics and presents optimal cutting conditions by measuring the surface
roughness, dimensional accuracy, and dimension straightness based on the feed rate after processing the inner
diameter hall of SCM415 steel using an automatic CNC(Computerized Numerical Control) lathe. The testing
material was cut using an 11.8 mm-diameter Chamdrill after mounting the 32 mm-diameter round bar on an
automatic CNC lathe. The cut depth was set at 3 mm, and the cutting speed was fixed at 1500 rpm. The
surface roughness, dimensional accuracy, and dimension straightness of 15 testings were measured by changing
the feed rate to 0.05, 0.1, and 0.15 mm/rev, respectively. It was difficult to process more than 15 tests during
the maching due to noise or break. Additionally, the optimum cutting of SCM415 steel showed excellent surface
roughness in the 10™ and 11™ of testing at cutting speed and feed speed of 1500 rpm and 0.05 mm/rev,
respectively. The dimensional accuracy was measured in three dimensions after drilling, which showed good
results with an average range of 0.0138-0.0208 mm. Moreover, the lower the feed speed, the higher the
accuracy. Additionally, the measurement results of the dimensional straightness showed that the straightness is the
straightness was the best at the 1™ and 2" cutting regardless of the feed speed.

Key Words : Chamdrill(Zf=2!), Surface Roughness(ZT7H2!7|), Automatic CNC Lathe( AFSCNCAMEL),
Dimensional Straightness(X|%= &l &l &), Dimensional Accuracy(X|=&ZtT), SCM415
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Fig. 1 CNC automatic Iathe for experiments

Table 1 Automatic Lathe specification

Item Specification

Manufacturer Hanwha

Model XD381I
Max. Turing (mm) $38
Max. Stroke main 320
(mm) sub 280
spindle ma?in - 6,500
speed cross drill(main) 6,000
sub 6,500

[rpm] back tool 6,000

Fig. 2 Photograph of surface roughness taster.

— 28 —



SCM4157 el tdk H=dd 54 D FETIAFEEE A A204, AlsE
Table 2 Specifications of the non-contact measuring
instrument. 10
Item Specification
Manufacturer Kosaka laboratory corporation
Model Surfcoder-F501 -
Driving One reciprocation § N S
Method ne reciprocatior by
Driving speed | Measurement : 0.002~10
(mm/sec) Auto return : 2~10
Measuring Ra, Rz, Rmax(Ry), Pq, Pp, Rq, @ @ @
values Rt, Rv
- Fig. 4 Machining-drawing and measurement location
Cut-off values | 03 0,25, 0.8, 8, 25 - tning 8
available
Dimension
(mm) 600%395%593 22 AAZR

Fig. 3 3D measuring instrument
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Table 5 Specifications and dimensions of drill holder

Table 3 specification of 3D measuring instrument . . DNC 115-058-16A-5D
Specification
Ttem Specification Dk7(Diameter Center Tolerance)| @ 11.8
Manufacturer Zeiss corporation(Germany) Dhé(Dimension Flanged Tolerance ) | @16
Model Zeiss XENOS L1(Cutting length) 76
Driving Method Linear drive Dimensions
length (mm] L2(Blade length) 92.7
en mm
measurement error 0.3 + L/1000 pum LS(Length Shank) 45
Dimension(mm) 900 x 1,500 x 700 D3(Diameter ) 20
Table 4 Chemical composition of specimens 1 I
2 post pect Dk'/I dn| D3
Element| C | Si (Mn| P | S | Cr | Ni [Mo| Cu |
L1
.13]0.15/ 0.6 0. . .9 10.25/0.15] 0. :
SCM4150 310.15| 0.6 |0.03|0.03| 0.9 |0.25|0.15| 0.3 B Ls
(%) -~ ~ lor|or|~|or|~|or

0.18/0.35

0.9 |less |less| 1.2 |less| 0.3 |less

— 29 —



ARAF - F=7AFSE A A204, A5E

Table 6 Specifications and dimensions of drill head

Specification ICP118IC908
DC(Diameter Center) 11.8
Dimensions | LPR(Overall tool length) 6.6
[mm)] PL(Blade length) 1.82
LF(length Flange) 4.78
LPR
PL l. LF
3. Algdahy & nE

3.1 AlEak

@32 mm $HE CNCA-FAHbo] A3 &
AME=d FAL A E2 FHdA g=dE o
€3l @118 mm 7FEsATh. FHFE 1500
pmlE uAsPg o, 13 Aatzgol: 3 mm ¥
ofgfjo} o] = Ao FE& ARSI 7HEEFA T

G97 S1500 M3

GO X0. Z1. T0101 M8

G74 Rl1.

G74 Z-73. Q3. F0.05 (F0.1, F0.15)

GO X150. M9

M30

SCM41572] AlHE CNCAZAEFS o] 83}o]
o4 % 0.05, 0.1, 0.15 mm/rev & WA 712
SHATE ol$&= 3 oA 15709 AlEE 7}
TR o &= AH 45712 JLEsEA

EHAAY] AL Fig 494 Hol= AT}
o] oo r A5 F3h, upAY 3RES
Aot o tlolHE B3

3 H4E 1500 pm 02 VAFYS o, o]F&
7} 0.05, 0.1, 0.15 mm/rev & o] =4 Axt=
Z} Table 64 Table 8ol FASTH

=T 32 F37E ol gste HAtE & A
T A¥gdx 9 AATE =A3 Ad= Table 99

Table 10 ol YER|SITH

e

b

£

Table 6 Surface roughness measurement results
[1500 rpm, Feed rate 0.05 mm/rev]

No. Number of measurements Average
1 2 3 [um]
1 3.595 3.375 3.236 3.402
2 2.679 2.594 2.553 2.609
3 2.872 2.584 2.875 2.777
4 2.337 1.824 2.231 2.131
5 2217 1.909 2.061 2.062
6 1.748 1.571 1.674 1.664
7 2.015 1.508 1.898 1.807
8 1.475 1.59 1.347 1.471
9 1.555 1.47 1.514 1.513
10 1.303 1.274 1.236 1.271
11 1.171 1.349 1.108 1.209
12 1.418 1.599 1.404 1.474
13 1.388 1.219 1.369 1.325
14 1.423 1.46 1.377 1.420
15 1.824 1.807 1.838 1.823

Table 7 Surface roughness measurement results
[1500 rpm, Feed rate 0.1 mm/rev]
Number of measurements Average
No.

1 2 3 [um]
1 3.427 3.662 3.555 3.548
2 3.069 2.988 2.861 2.973
3 3.027 2.923 2.905 2.952
4 2.442 2.065 2.526 2.344
5 2.455 2.095 2317 2.289
6 1.798 1.761 1.853 1.804
7 2.014 1.929 2.104 2.016
8 2.233 1.823 1.771 1.942
9 1.463 1.723 1.778 1.655
10 1.525 1.408 1.419 1.451
11 1.576 1.512 1.386 1.491
12 1.584 1.623 1.512 1.573
13 1.548 1.529 1.577 1.551
14 1.659 1.661 1.501 1.607
15 1.772 1.778 1.886 1.812
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Table 8 Surface roughness measurement results

Table 10 Measurement Results of Dimension Straightness

[1500 rpm, Feed rate 0.15 mm/rev] No Measured data [mm]

No Number of measurements Average ' F0.05 FO.1 FO.15
: 1 2 3 [um] 1 0.0071 0.0075 0.0086
1 3817 43 4.065 4.061 2 0.0072 0.0073 0.0072
2 2969 | 2929 | 2901 | 2933 3 0.0073 0.0074 0.0097
3| 3227 | 2908 | 3.104 | 3.080 4 00074 | 00086 | 00136
4 2.521 2.154 2.579 2.418 > 0.0079 0.0088 0.0124
6 0.0078 0.0085 0.0185

5 2.579 223 2.439 2.416
7 0.0106 0.0116 0.0197
6 1.922 1.902 1.972 1.932 P 00134 0.0123 0.0177
7 2.138 1.664 2.227 2.010 9 0.0143 0.0144 0.0154
8 2.354 1.938 1.695 1.996 10 0.0142 0.0141 0.0153
9 1.587 1.848 1.892 1.776 11 0.0148 0.0143 0.0183
10 1.652 1.573 1.535 1.587 12 0.0149 0.0156 0.0184
11 1.884 1.647 1.406 1.646 13 0.0166 0.0165 0.0184
12 1.708 1.828 1.633 1.723 14 0.0169 0.0184 0.0194
13 1.673 1.425 1.598 1.565 15 0.0199 0.0205 0.0215
14 1.773 1.796 1.625 1.731 Average 0.0120 0.0124 0.0156

15 1.896 1.905 2.006 1.936

Table 9 Measurement results of dimensional accuracy

Measured data [mm]

No.
F0.05 FO.1 F0.15
1 11.8101 11.8123 11.8131
2 11.8102 11.8122 11.8113
3 11.8111 11.8115 11.8166
4 11.8113 11.8131 11.8212
5 11.8122 11.8133 11.8204
6 11.812 11.8117 11.8218
7 11.8112 11.8118 11.8214
8 11.8129 11.8179 11.8182
9 11.8138 11.8183 11.8192
10 11.8152 11.8181 11.8192
11 11.8161 11.8191 11.8202
12 11.8159 11.8259 11.826
13 11.8167 11.8226 11.8236
14 11.8176 11.8278 11.8269
15 11.8211 11.8311 11.8334
Average 11.8138 11.8177 11.8208
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