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A Study on Oil-Seal Rubber Mixing Using ANOVA
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ABSTRACT

Oil seals have a great effect on transmission performance and durability. In this study, the optimal rubber
mix was derived using dispersion analysis to obtain excellent oil-seal rubber properties. ANOVA was
performed twice. The factors were polymers, carbon, magnesium oxide, and calcium hydroxide, which were
used as four factors in ANOVA. The response factors were four items (hardness, tensile strength, elongation
rate, and compression deformation) obtained through an experiment with a confidence level of 95%. In the
first ANOVA, 168 tests were performed, and in the secondary ANOVA, 24 physical tests were conducted
using polymers and carbon derived from the primary ANOVA. Through the ANOVA, we derived a rubber
mixture recipe.
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Table 1 Result of ANOVA (Hardness)

Table 3 Result of ANOVA (Elongation percentage)

Factors S ¢ |V Fy Flo05)| Floor) Factors S ¢ |V Fy Foos)| Floon
A 133.726 |6 |22.288 [5.091** |2.421 3473 A 12335.5 |6 |2055.917|4.851** |2.421 |3.473
B 9.405 5 ]1.881 0.430 2.53413.699 B 2569.8 |5 |513.960 [1.213 2.534 (3.699
C 44.024 |1 |44.024 |10.056**|4.171 |7.562 C 30.0 1 ]30.000 [0.071 4.171 |7.562
D 0.595 1 1]0.595 0.136 4.171 (7562 D 108.5 1 |108.500 |0.256 4.171 |7.562
AXB 121.345 |30 |4.045 0.924 1.841 12386 AXDB 8003.5 |30 |266.783 [0.629 1.841 |2.386
AxC 53.560 |6 |8.927 2.039 242113473 AXxC 1970.5 |6 |328.417 |0.775 2.421 |3.473
AXD 6.321 6 [1.054 0.241 242113473 AXD 1136.5 |6 [189.417 |0.447 2.421 |3.473
Bx<C 11.833 |5 |2.367 0.541 2.53413.699 Bx<C(C 1358.0 |5 [271.600 |0.641 2.534 (3.699
BXxD 17.119 |5 |3.424 0.782 2.53413.699 BXxD 597.8 5 |119.560 [0.282 2.534 (3.699
CxD 0.024 1 1]0.024 0.005 417117562 CXD 84.3 1 184.300 [0.199 4.171 |7.562
AX Bx (C1102.083 |30 |3.403 0.777 1.841 12386 AXBXx (C|10728.8 |30 |357.627 |0.844 1.841 |2.386
AX BxD|177.464 |30 |5.915 1.351 1.841 12386 AXBXxD|10457.5 |30 |348.583 |0.822 1.841 |2.386
AX CxD40.726 |6 |6.788 1.550 242113473 AXCXD|2744.8 |6 |457.467 |1.079 2.421 |3.473
BXx Cx D|42.405 8.481 1.937 2.53413.699 BXx<(CxD|804.0 5 [160.800 |0.379 2.534 (3.699
E 131.345 |30 |4.378 E 12715.2 |30 [423.840

T 891.976 |167 T 65644.5 |167

Model 760.631 |137|5.552 1.268 1.676 |2.098 Model 592929.3|137|386.345 (0.912 1.676 |2.098

Table 2 Result of ANOVA (Tensile strength)

Table 4 Result of ANOVA (Compressive strain)

Factors S ¢ |V F Flo0s5)| Flooy Factors S ¢ |V F Fo05)| Floon
A 7524.1 |6 |1254.017|9.203** |2.421 (3.473 A 1462.789| 6 |243.798|39.899%*| 2.421 |3.473
B 1338.8 |5 |267.760 |1.965 |2.534|3.699 B 38214 | 5| 7.643 | 1.251 |2.534|3.699
C 70.7 1 (70700 |0.519 |4.171|7.562 C 0.024 | 1 | 0.024 | 0.004 |4.171|7.562
D 437.1 1 437100 |3.208 |4.171|7.562 D 0.214 | 1 | 0.214 | 0.035 |4.171|7.562
AXB 6656.5 (30 [221.883 |1.628 1.841 2386 AXB 296.786 | 30 | 9.893 | 1.619 |1.841|2.386
AXC 1607.9 |6 |267.983 |1.967 |2.421|3473 AXC 70.81 | 6 | 11.802 | 1.931 |2.421|3.473
AXD 1163.1 |6 |193.850 |1.423  |2.421|3.473 AXD 119.952 | 6 | 19.992 | 3.272* |2.421|3.473
BxC 291.6 |5 |58320 |0.428 |2.534|3.699 DBXxC 36262 | 5| 7.252 | 1.187 |2.534|3.699
BxD 2365.3 |5 |473.060 |3.472* |2.534|3.699 BXD 90.786 | 5 | 18.157 | 2.972* |2.534|3.699
CxD 132.1 1 [132.100 |0.969 |4.171|7.562 CXD 0.595 | 1 | 0.595 | 0.097 |4.171|7.562
AXBXx (C|3499.5 |30 |116.650 |0.856  |1.841|2.386 AXBX ('|253.905|30| 8.464 | 1.385 |1.841|2.386
AX BxD|5320.1 |30 |177.337 [1.301 1.841 2386 AXBXD|404.048 |30 | 13.468 | 2.204 |1.841|2.386
AXCXD|2753 |6 |45.883 (0337 (2421|3473 AXCXD)| 36.405 | 6 | 6.068 | 0.993 [2.421|3.473
BXCxD|5133 |5 [102.660 [0.753 [2.534(3.699 BXCXD| 17.69 | 5| 1.538 | 0.252 |2.534|3.699
E 4088.0 |30 |136.267 E 183.31 [ 30| 6.110

T 35283.7 |167 T 3001.786|167

Model 34953.79(137|22.706 {1.671 1.676 |2.098 Model 2818.476(137| 41.359 | 3.367** | 1.676 | 2.098
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Table 5 Result of ANOVA (Hardness)

Table 7 Result of ANOVA (Elongation percentage)

Factors S ¢ |V Fy Flo05)| Floor) Factors S 4 Fy Foos)| Floon
A 35.042 |1 |35.042 |17.165* |18.513|98.503 A 6501.04 |1 |6501.040(353.798** |18.513|98.503
B 1.750 2 10.875 0.429 19.000(99.000 B 135.58 |2 |67.790 |3.689 19.000{99.000
C 5.042 1 |5.042 2.470 18.513]98.503 C 7.04 1 |7.040 0.383 18.513198.503
D 0.375 1 10.375 0.184 18.513]98.503 D 51.04 1 |51.040 |2.778 18.513198.503
AXB 28.583 2 |14.292 |7.000 19.000(99.000 AX B 4.08 2 |2.040 0.111 19.000 {99.000
AxC 2.042 1 |2.042 1.000 18.51398.503 AXC 2.04 1 ]2.040 0.111 18.513198.503
AXD 3.375 1 |3.375 1.653 18.513|98.503 AXD 3.37 1 [3.370 0.183 18.513198.503
Bx<C 5.083 2 [2.542 1.245 19.000(99.000 BXx C 1.58 2 10.790 0.043 19.000{99.000
BXD 3.250 2 [1.625 0.796 19.000(99.000 BX< D 2.58 2 ]1.290 0.070 19.000{99.000
CxD 0.375 1 10.375 0.184 18.513198.503 CX D 2.04 1 ]2.040 0.111 18.513198.503
AX Bx (C10.583 2 10.292 0.143 19.000(99.000 AX BX C|123.08 |2 [61.540 |(3.349 19.000 {99.000
AX BxXD|1.750 2 10.875 0.429 19.000199.000 A X Bx D|15.75 2 |7.875 0.429 19.000{99.000
AX CxDI1.042 1 1.042 0.510 18.513198.503 A X CXxX D|18.38 1 18.380 |1.000 18.513198.503
BX(CXD|12250 |2 16.125 3.000 19.000(99.000 BX< Cx D|8.58 2 14.290 0.233 19.000 {99.000
E 4.083 2 ]2.042 E 36.75 2 |18.375

T 104.625 |23 T 6912.96 |23

Model 100.542 |21 |4.788 2.345 19.448199.452  Model 6876.21 (21 |327.439 [17.820 |19.448|99.452

Table 6 Result of ANOVA (Tensile strength)

Table 8 Result of ANOVA (Compressive strain)

Factors S o |V F F (0.05) F (oo1) Factors S o |V F F (0.05) F (0.01)
A 495.04 |1 |495.040 |21.486* |18.513|98.503 A 513.375 |1 |513.375 |770.255 ** |18.513|98.503
B 117.25 |2 |58.625 |2.544 19.000(99.000 B 10.333 |2 |5.167 |7.752 19.000{99.000
C 18.38 1 |18.380 |0.798 18.513198.503 (C 0.042 1 0.042 ]0.063 18.513198.503
D 7.04 1 |7.040 0.306 18.513]98.503 D 2.042 1 ]2.042 [3.064 18.513198.503
AXB 69.08 2 (34540 [1.499 19.000(99.000 A X B 0 2 10 0 19.000{99.000
AxC 19838 |1 |198.380 |8.610 18.513(98.503 AXx(C 9.375 1 9375 [14.066 |[18.513|98.503
AXD 12.04 1 12.040 0.523 18.513198.503 AXD 0.042 1 10.042 0.063 18.513198.503
BxC 16.75 2 18375 0.363 19.000(99.000 BXx C 25.333 |2 |12.667 |19.005* |19.000|99.000
BXxXD 39.08 2 [19.540 |0.848 19.000(99.000 B> D 5.333 2 12,667 |4.001 19.000{99.000
CxD 222.04 |1 [222.040 (9.637 18.513198.503 CXD 0.375 1 10.375 0.563 18.513198.503
AX Bx (C14.25 2 |7.125 0.309 19.000(99.000 A< B> (C|7.000 2 |3.500 |5.251 19.000{99.000
AX BxDI20.58 2 (10.290 |0.447 19.000(99.000 AX BXx D|16.333 |2 |(8.167 12.253  |19.000(99.000
AX CxDI5.04 1 |5.040 0.219 18.513198.503 A X CX D|7.042 1 ]7.042 10.566 |18.513|98.503
BXx< CxD|1.58 2 10.790 0.034 19.000(99.000 B> C< D|3.000 2 1500 |2.251 19.000{99.000
E 46.08 2 123.040 E 1.333 2 10.667

T 1282.63 |23 T 600.958 |23

Model 1236.55 |21 |58.883 |2.556 19.448199.452  Model 599.625 |21 |28.554 |42.841%* [19.448(99.452
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Table 9 Rubber mixture recipe

A B C D Ratio
POLYMER| P, | P, | B, | P, | 100
carBon |- O G G G| 1s
G,y Cy Cy Gy 15
MgO M, | M, | M, | M, | 6
Ca(OH)2 Ca, | Cay | Ca; Ca,
VULCANIZING AGENT 5
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