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Optimal design of formed tool for die of rubber seals using design of
experiments

Lihai Li(Mech. Eng. Dept., CBNU), P. Lim(Mech. Eng. Dept., CBNU), H. K. Lee(CAM-TIC),
G. E. Yang(Mech. & Aero. Eng. Dept., CBNU)

ABSTRACT

The design of experiments are used for optimal design of formed tools to machine automobile bearing rubber

seal die, which is classified into the high precision rubber mold. The clearance angle, rake angle and the length

cutting edge are considered as the factors. The cutting force is selected to be a characteristic value and compared

with the mean tool wear and life by repeated experiments. The design of the experiment is based on the repeated

one-way factorial design, which finds the significance of the factors and the best level to predict the tool life by

using ANOVA and regression.
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Table 1 Experimental conditions for cutting force

Level
1 2 3 4 5
1.8mm
-20°

Factors

9.8mm
10°
20°

5.8mm | 7.8mm
0° 5° 8°
8° 11° 15°
spindle: 300RPM
feed: 3mm/min
depth of cut 0.01mm

Length 3.8mm

Rake angle

Clearance angle| 5

Constant

factors
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Table 2 Cutting force variety of the clearance angles
Force Clearance angle
experiment 5° 8° e 15° 20°
1 47.347 50471 43.817 51.376 47.744
2 +7.665 50.616 45.597 49419 45.465
3 49.366 300606 45412 52.051 49.432
4 52.381 51.172 45.394 500.257 48.283
5 49278 48.212 45.143 49.161 48.078
6 30491 47.840 45.322 501.189 49.085
7 48.970 48.584 +4.615 +8.888 43.6+4
8 47.014 49.218 46.072 49.928 48.702 <‘
9 47.484 47.977 45809 51650 47,780




Table 3 ANOVA for cutting force of clearance angle 44 95%uoll A 2l

factor N e | v i | Fpos)
Clearance . Table 6 Cutting force variety of rake angle
13660 1 4 341571 20900 | 2.61
angle Force Rake angle
Lrror 65.36 40 1.63 experiment 20 0 5 4 10
Total 20096 | i 74745 | 59.600 | 51430 | 43375 | 54971
2 74134 1 59.553 | 51744 | 43526 | 34581
2t ? 3 73.692 | 59428 | 51881 | 44041 | 54422
sre - 4+ 73355 | 59.686 | 51.836 | 44002 | 54.073
o . 5 73726 | 59.392 | 51625 | 43.884 | 54.523
o a5 : 6 73135 | 59.660 | 51.640 | 43080 | 54060
& s 7 72325 | 59641 | 51832 | 41246 | 5414
g ; 8 72711 | 50.554 | 52025 | 44079 | 53985
s 9 72193 | 59.900 | 52.005 | 44171 | 54048
B ° 1 "% E
clearmnes e Table 7 ANOVA for cutting force of rake angle
Fig. 4 Boxplots of force by clearance angle Factor S P \i ¥ F(0.05)
Rake angle | 1056.47 4 26412 | 4090.2% 5.19
- _ - I 0.32 5 .00
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Table 4 ANOVA for regression model on clearance angle [P S T T
Factor s ) ¥ F | F.05) Rk orsde
regression | 35.35 3 1179 | 290° | 284 Fig. 5 Boxplots of force by rake angle
error 166.61 41 406
total 201.96 44

Fig. 52 ZAbztel tigh 534 dolely £35
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Aol ofstod AHslE MEo] 2A et Bl &< B4 Table 8 ANOVA f el ) ;
able or regression model on rake angle

Al 5 (coefficient of determination ; R)7} 17.5%% 1] gq) &
- = Fa S v F 0.0

FA 7] W] £& fAxolgn ¥ & g o L F00)

- A9 2Rasd Qo Aatd WEg Mu regression | 3992.12 3 1330.71 }172.493 2.84

< HANS FREE o ETR wTE e error | 31630 | 41 | 771

dled AFZd Bers BEFades AL oy total 130842 1 44

Table S Tool wear on clearance angle

Table 9 Tool wear on rake angle

Clearance angle 5° 8° 11° 15° 20°

Rake angle -20° 0° 5° 8° 10°

wear Teew | Viggn | VTpon | 24w | 29gn

wear 10s8m 81m Gy 2ym 4
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Table 10 Cutting

force variety of cutting edge length

Force Cutung length ]
experiment! 1.8mm | 38mm | 5.8mm | 78mm [ 9.8mm
] 22.052 | 42562 | 64.345 | 80.182 | 75873
2 22.267 } 42576 ) 64.150 | 82941 ) 83.903
3 22401 1 42032 | 63.638 | 85.177 | 8B.507
- 4 21.769 | 42038 | 62990 | 87.302 § 91.025
5} 21.699 | 41.857 | 63.393 | 89.270 | 92843
6 21.669 | 41.694 | 63.353 | 90.451 | 92.827
7 21.787 ) 415396 | 62.910 | 91020 | 90.725
8 21.695 | 41.333 | 62.639 | 91.822 | 91.992
9 21.908 | 41.869 | 62473 | 92.240 | 94.568

Table 11 ANOVA

for cutting force on cutting edge length

Factor S b v ¥
lcng(ll 30678.7 + 7669.7 | 723.82*
Error 423.8 ) 19.6
| Total 311026 44
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Fig. 6 Boxplots of force by cutting edge length
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Table 12 ANOVA for regression model on cutting edge length

IV Factor S o v r F(0.03)
regression | 30576.2 3 101921 | 793,95+ 2.484
error 526.3 41 | 128
A 30026 +4

Table 13 Tool wear on cutting edge length

5.8mm

—

—
length 1.8mm | 3.8mm

7.8mm | 9.8mm
9gam 164em

wear 861 Yrem R
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