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Abstract : A bearing is one of core parts in automobile. Rubber seal of the bearing is important to improve performance
of bearing, formed by hot-press die of rubber seal for the intricate shape. In this study, formed tools are used to machine
die of bearing rubber seal and the machining operation is classified into the several process of high precision. Design of
experiments is used to optimize selection of the formed tools for the efficient machining of the hot-press die. The
cutting force, tool wear and tool life are determined to characteristics. And, the clearance angle, the rake angle and the

length cutting edge are considered as the major factors. Experiments are repeated to use one-way factorial design, and

tool life is predicted by regression model.
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Fig. 1 Design formed tools
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Table 1 Experimental conditions for cutting force

Level
Factors
1 2 3 4 5
Length 1.8mm | 3.8mm | 5.8mm | 7.8mm | 9.8mm
Rake angle -20° 0° 5° 8° 10°
Clearance angle 5° 8° 11° 15° 20°
spindle: 300RPM
Constant factors feed: 3mm/min
depth of cut: 0.01mm
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Table 2 Specifications of experimental apparatus

Items Specification

Vertical type

Machining center Spindle(max): 8000rpm

Kistler 9257A
Range : £5kN
Resolution : 0.01N

Tool dynamometer

Kistler 5001

Charge amplifier Resolution : 12bit

Fig. 3 Rubber seal die
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Table 3 Cutting force and clearance angles(kgf)

Clearance angle
No.
5° 8° 11° 15° 20°
1 47347 | 50471 43817 | 51376 | 47.744
2 47665 | 50.616 | 45.597 | 49419 | 45465
3 49366 | 50.066 | 45412 | 52.051 49432
4 52.381 51.172 | 45394 | 50.257 | 48.283
5 49278 | 48212 | 45.143 | 49.161 48.078
6 50.491 47840 | 45322 | 50.189 | 49.085
7 48970 | 48.584 | 44.615 | 48.888 | 45.644
8 47614 | 49.218 | 46.072 | 49928 | 48.702
9 47484 | 47.777 | 45809 | 51.650 | 47.780
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Table 4 ANQVA of cutting force on clearance angels
Ractor S @ \ F F(0.05)
Clearance angle| 136.60 4 34.15 | 20.90* | 2.69
Error 65.36 40 1.63
Total 201.96 44

* : 95% confidence level
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Fig. 6 Boxplots of force by clearance angle

Table 5 ANOVA of regression model on clearance angles

Factor S D A% F F(0.05)
Regression | 35.35 3 11.79 2.90 2.84

Error 166.61 4] 4.06

Total 201.96 44
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Table 6 Tool wear on clearance angles
Clearance angle 5° 3° i1° 15° 20°
Wear 7m Iym | 17pm | 24mm | 29um
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Table 7 Cutting force and rake angles(kgf)

Table 10 Tool wear on rake angles

Table 8 ANOVA for cutting force of rake angles

Factor S d \' F F(0.05)
Rake angle | 1056.47 4 264.12 |4090.2*} 5.19
Error 0.32 5 0.06

Total 1056.79 9

* 1 95% confidence level
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Fig. 7 Boxplots of force by rake angle
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Table 11 Cutting force and cutting edge length(kgf)

9l 3z y=0.1%%+0.1222—3.272 +60.35 3] 7 2] o] o Cutting length
A A3ty AoEo) 1.8mm 3.8mm 5.8mm 7.8mm 9.8mm
Table 10-& AA}Zbo] W} 9 F ZFF0IRE B 1 22.052 42.562 64,345 80.182 75.873
= o 2 22.267 42,576 64.150 82.941 83.903
3L sl 3 22.101 42.032 63.638 85.177 88.507
4 21.769 42.038 62.990 87.302 91.025
Table 9 ANOVA of regression model on rake angles 5 21.699 | 41857 | 63.393 89.270 | 92.843
Factor S ® v F F(0.05) 6 21.669 41.694 63.353 90.451 92.827
Regression | 3992.12 3 1330.711172.493 | 2.84 7 21.787 41.596 62.910 91.020 90.725
Error 316.30 41 7.71 8 21.695 41.533 62.639 91.822 91.992
Total 4308.42 44 9 21.908 41.869 62.473 92.240 94.568
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Table 12 ANOVA of cutting force on cutting edge length
Factor S ® | Vv F ] F(0.05)
Length |} 30678.7 4 7669.7 | 723.82% | 2.69
Error 4238 40 10.6
Total | 31102.6 44

*:95% confidence level

18 3.‘8 538 78 a8
Cutting edge length
Fig. 8 Boxplots of force on cutting edge length
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Table 13 ANOVA of regression model on cutting edge length
Factor N D v F F(0.05)

Regression | 30576.2 3 10192.1 | 79395 | 2.84
Error 526.3 41 12.8

Total | 311026 | 44 | | l

Table 14 Tool wear on cutting edge length

Length 1.8mm | 3.8mm | 5.8mm | 7.8mm | 9.8mm
Wear 8m 9um 9um 9ym 64m
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