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Machinability Characteristics of Inconel 690 Alloys

Kyung-Choong Hwang*, Jong-Ho Yoon**, Jae-Ha Choi***, Sung-Chung Kim***

I Abstract 'ﬁ

Roughness(&E 7% )

In domestic industry, there is no manufacturers specialized in the production of cutting tools for the difficult cutting materials.
Then, we have few data about them. In this study, the gear driving high speed lathe on which is mounted by a tool dynamometer
and high speed CCTV were used to measure the various machining characteristics. Relations among the cutting speed,
feed rate per revolution, cutting depth, cutting forces and surface roughness were graphically analyzed under 64 cutting
conditions. The process of chip, ie., generation, development and falling-off also were visualized for the characterization
of chip shapes of the difficult-to-cut materials using the CCTV.
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Fig. 1 Schematic diagram of cutting test set-up

Table 1 Specification of experimental apparatus

No. Apparatus Manufacturer Model
1 Lathe HwaCheon H380 x W750
2 | Tool dynamometer Kistler 9257A
3| Data recorder TEAC RD-135T
41 FFT Analyzer A&D AD-3525
5 Oscilloscope Lecroy 9314A
6 Stroboscope Suwagara DS-2
PULNIX
7 CCD Monarch TMC-7RGB
8! AD Converter |Data Translation] DT3831-G
9| Pre-Amplifier Kistler 5807A
10 S‘"fa"eT;';r“gh““s Mistutoyo | SURFTEST-500
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Table 2 Chemical composition of Inconel 690 Alloys (wt.%)

Cr|Nif Fe| C| M | Si |A| Ti | S| O | N

30.8| 62.¢| 1.05/0.010} 47ppm | 61ppm | 0.06| 71ppm| 0.001 | 0.0055 | 0.0037

Table 3 Mechanical property of Inconel 690 Alloys

YS(MPa) UTS(MPa) EL(%)
1109 1198 63
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Table 4 Cutting conditions

Cutting speed (4 steps) 18, 22, 32, 35 (m/min)

Feed rate (4 steps) |0.067, 0.123, 0.234, 0.345 (mm/rev)

Depth of cut 0.2, 0.3, 0.5, 1.0 (mm)
Tool holder PSBNR 2525-M12
Insert SNMG 120404

Nose radius 0.4 (zn)

Cutting fluid none
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Table 5 Cutting force of Inconel 690 Alloy(N)

V (wimin) | F (mrey) 0.3D (mmz).s 1.0
0067 | 81629 | 91822 | 152771 | 312478

0123 | 113021 | 150897 | 2443.87 | 512749

8 0234 | 1879.11 | 263585 | 416356 | 8299.65
0345 | 285579 | 381354 | 5510.67 | 10891.45

0067 | 31608 | 61999 | 907.72 | 872.89

0123 | 765.18 | 115670 | 1867.63 | 1885.19

2 0234 | 139037 | 206893 | 347735 | 3464.50
0345 | 176570 | 287541 | 442892 | 5161.83

0067 | 62303 | 83051 | 136369 | 2259.44

0123 | 94235 | 136025 | 2107.09 | 381354

2 0234 | 155753 | 238020 | 379206 | 594290
0345 | 262329 | 3507.86 | 537205 | 831505

0067 | 42232 | 4910 | 69975 | 259249

0123 | 84268 | 94235 | 141666 | 426392

» 0234 | 1499.16 | 165583 | 2722.57 | 712226
0345 | 2443.87 | 270952 | 347657 | 953503
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Fig. 2 Principal Cutting Forces
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Fig. 3 Chip cycle-generation, development, and drops
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Fig. 4 Chips of Inconel 690 Alloy (D = 0.2mm)

Fig. 5 Chips of Inconel 690 Alloy (D = 0.3mm)
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Fig. 6 Chips of Inconel 690 Alloy (D = 0.5mm)
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Fig. 7 Chips of Inconel 690 Alloy (D = 1.0mm)
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Table 6 Surface roughness
Cutting speed | Feed rate | Depth of cut |Surface roughness| Cutting speed Feed rate Depth of cut {Surface roughness
(m/min) (mm/rev) (mm) Ra (ym) (mVmin) (mm/rev) (mm) Ra (ym)
0.2 0.65 02 0.78
03 0.68 03 1.05
0.067 0.067
0.5 1.61 0.5 20
1.0 3.0 1.0 3.81
02 0.79 0.2 1.02
03 0.88 0.3 1.17
0.123 0.123
0.5 211 0.5 2.9
1.0 35 1.0 5.25
18 32
0.2 1.1 0.2 132
0.3 1.18 03 1.44
0234 0234
0.5 243 0.5 328
1.0 4.7 1.0 6.11
0.2 142 0.2 19
03 1.53 03 211
0.345 0.345
0.5 34 0.5 44
1.0 6.01 1.0 7.88
0.2 0.7 02 0.82
03 0.75 0.3 1.19
0.067 0.067
0.5 1.83 0.5 2.39
1.0 3.4 1.0 43
0.2 09 02 1.08
03 0.96 03 132
0.123 0.123
0.5 26 0.5 3.1
1.0 44 1.0 5.81
2 35
02 1.14 02 147
03 132 03 1.64
0.234 0.234
0.5 2.93 0.5 338
1.0 5.4 1.0 6.74
0.2 1.61 0.2 234
0.3 1.8 0.3 248
0.345 0.345
0.5 3.75 0.5 49
1.0 6.81 1.0 8.67
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Fig, 8 Surface roughness according to cutting conditions
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