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Abstract . Hardness and tensile properties were selected as effective factors for the rub-
ber vlucanizates in a tire. Simulation system was built for physical properties as the
change of each factors by using statistical methods. Correlation and regression analyses
were performed by using SAS software for 58 actual factors and 6 variables of
response; hardness, 100% -modulus, 200% -modulus, and
300 %-modulus. Simulation system is composed of ‘Forecasting results’, “Trend analysis,’
and ‘Result analysis’ with graphic user interface (GUI) in order to predict physical prop-
erties according to rubber vulcanizates’ design before manufacturing and testing them.

tensile strength, 50%-modulus,
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Table 1. The Independent Variables of Materials
and Process Factors

Variable Material name |Variable Material name

Cl1 Natural Rubber(a) C4 SBRIf)

C1 Natural Rubber{b) C40 Peptizer(a)

C1 Natural Rubber(c) C41 Peptizer{a)

Cit Natural Rubber(d) C42  Reinforcing Agent(a)
C10 EPDM Rubber C42  Reinforcing Agent(b)
C11 SBR(a) C42  Reinforcing Agent(c)
Ci2 SBR(b) C42  Reinforcing Agent{d)
C13 SBR(¢) C42  Reinforcing Agentie)
Cl14  Bromobutyl Rubber | C42  Reinforcing Agent(f)
C15 Neoprene Rubber C42  Reinforcing Agent(g)
C16 BR C42  Reinforcing Agent(h)
C17 Butyl Rubber C42  Renforcing Agent(i)
Cl18 Accelerator{a) C42  Reinforcing Agent(j}
C19 Accelerator{b) C42  Remnforcing Agent(k)

C2 SBR(d) C43 Tackifier{a)
C20 Accelerator(c) C44 Tackifier(b)
cal Accelerator(d) C45 Tackifier(c)
C22 Accelerator(e) C46 Tackifier{d)
C23 Accelerator{f) C47 Softener(a)
C24 Bonding Agent(a) C48 Softener{b)

C25 Bonding Agent(b) C49 Vulcanizer{a)
C26 Bonding Agentjc) C5 SBR(g)

Cc27 Bonding Agent{d) C50 Vulcanizer{b)
C28 Dusting Agent(a) C51 Vulcanizer{c)
C29 Dusting Agent(b} C52 Vulcanizer(d)

C3 SBR(e) Cs3 Vulcanizer(e)
C30 Dusting Agent(c) C54  Vulcamzing Temp.
C31 Dusting Agent(d) C55 Vulcanizing Time
C32 Activator{a) C56 Iodine Value
C33 Activator{b) C57 DBP Value
C33 Activator(c) C58 Tint Value
C34 Retarder C6 SBRih)

C35 Antidegradent(a) C7 SBR!1)

C36 Antidegradent(b) C8 SBR{j)

C37 Antidegradent(c) C9 SBR{k)

C38 Antidegradent(d)

C39 Wax
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Fig. 1. Change of adjusted correlation by model-
ing step for the hardness and modulus.
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the hardness and modulus.

Table 2. Statistics of Residual Analysis

Skewness Kurtosis
Hardness 0.061 2.670
Tensile Strength 0.157 2.837
50 %-Modulus -0.110 2.799
100 % -Modulus -0.111 2.710
200% -Modulus -0.089 2772
300% -Modulus -0.107 2.850
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Table 3. Parameters and Coefficients of Regression Model Equations

Hardness Tensile Strength  50%-Modulus 100%-Modulus  200%-Modulus  300%-Modulus
Parameter Parameter Parameter Parameter Parameter Parameter
Parameter Parameter Parameter Parameter Parameter Parameter
coeff. coeff. coeff. coeff. coeff, coeff.
INTER. 43.374 INTER. -2.613 INTER. -2.613 INTER. -11.362 INTER. -25.239 INTER. -7.222
C2 0.020 C1 0.036 C4 -0.086 C2 -0.029 C1 -0.030 Cé -0.248
C3 0.032 C2 -0.152 C7 0.010 C3 -0.040 C2 -0.088 Cl11 -0.508
Ci1 -0.105 C4 -0.434 C8 0.010 C4 -0.194 C3 -0.096 C16 -0.383
C71 0.018 C6 -0.470 C9 0.026 C6 -0.052 C4 -0.515 C19 17.617
C72 0.015 C7 -0.713 C11 -0.076 C9 0.023 Cé -0.163 C20 17.810
C73 0.039 C8 -1.053 Cl6 -0.011 Cl1 -0.165 C7 -0.048 C21 18.437
C4 -0.090 C9 -0.744 C18 -1.108 Cl6 -0.071 Cl11 -0411 C23 21.581
C16 -0.020 C11 -0.145 C19 1.804 C19 4.224 . Cl6 -0.287 C24 -13.946
C18 -2.685 Cl6 -0.982 C20 1.863 C20 3.984 C19 10.332 C26 9.754
C19 2.671 C18 42695 C21 1.877 C21 4443 C20 11.721 C27 -34.097
C20 2.349 C23 38.389 C24 -2.186 C24 -4.686  C21 12.232  C31 -0.347
C21 2.263 C24 4.162 C26 2.107 C27 4.390 C23 16.239 C32 1.272
C26 1.243  C3l -0.930 C27 1.816 C3l 3.276 C24 -12.775 (33 1.415
C31 0.231 C35 2.355 C31 0.069 C32 0.089 C26 10.207 C34 14.891
C32 0.297 C38 3.229 C32 0.193 C33 0.331 C27 -12.610 C35 -2.073
C33 0.266 C39 3.710 C33 0.138 C34 0.218 C33 0.873 (C37 -4.563
C34 3.205 C41 -4.881 C34 1.594 C35 4.135 C34 7.165 C38 3.750
C35 -0.333 CB3 -0.208 C35 -0.439 C37 -0.964 C35 -1.852 C39 -3.875
C36 -0.256 CB4  -0.140 C37 -0.355 C38 -1.332 C37 -3.725 C40  21.252
C37 -0.724 CB5 0.054 C38 0.344 C39 0.531 C38 1.509 C41 -4.453
C39 -0.876 CBs -0.839 C39 -0.585 C41 -1.055 C39 -2.427 CB1 2.488
C40 -3.854 CB8 -0.953 C41 -0.235 CB1 0.724 C41 -2.513 CB3 2.305
Ca1 -0.334 C43 -6.961 CB1 0.313 CB3 0.691 CB1 1.903 CB4 1.890
CB1 0.451 C45 -3.914 CB3 0.292 CB4 0.594 CB3 1.798 CBb5 2.106
CB3 0.435 C47 -1.825 CB4 0.275 CB5 0.657 CB4 1.502 CBé6 2.078
CB4 0.464 C48 -1.884 CB5 0.303 CBé6 0.717 CB5 1.664 CB8 1.845
CB5 0.507 C50 -9.965 CBé6 0.299 CB8 0.599 CB6 1.798 CB9 2.319
CB6 0.431 C54 -1.463 CB8 0.255 CB9 0.679 CB8 1.536 CBI10 2.271
CB8 0.366 C55 -0.295 CB9 0.303 CBI10 0.658 CB9 1.769 C43 -6.231

CB9 0.481 CB10 0.301 C43 -0.815 CB10 1.686 C45  -4.648
CB10 0.491 C43 0.375 C47 -0.819 C43  -1.768  C47T  -3.641
C43 -0.457 C45 -0.279 C48 -0.747 C45  -2.765 (C48  -3.338
C47 -0.487 C47 -0.377 C49 3756  C47  -2.345 C49 14773
C48 -0.466 C48 -0.352 C50 3.688 C48  -2.201 C50  11.293
C49 1.101 C49 1.649 C52 3.094 C49 8.794

Cs0 0.935 C50 1.529 C55 -0.015 €50 9.392

C52 1.148 C52 1.279 C52 6.667

Ch4 -0.037
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Table 4. Parameters and Coefficients of Regres- Table 5. Parameters and Coefficients of Regres-
sion Model Eqiuation (Hardness) sion Model Equation (Tensile Strength)
" Parameter Parameter coeff. Parameter Parameter coeff. Parameter Parameter coeff. Parameter Parameter coeff.
INTERCEPT ~ 46.3319  C35C37  -2.38972 INTERCEPT  1634.2170 ~ C2C42 0.0245
C9C9 0.0003  C33C42  0.05557 C9Co -0.0032  C2C41 0.0759
C8C8 -0.0106  C2C35 -0.2282
C8C16 -0.0760  (33C41 0.61637
C8C47 -0.1860  C2C33 -0.0384
C7C20 00260  C33C36  -0.27114 8032 04515  C29039 48368
C6C6 00003  C33Cs5  -0.32583 C7C49  -0.2641  C26C49  -4.0665
C52C54 0.0544  C33 -2.58937 C7C41 0.1899  C26C43  -0.9508
C50C56 0.0126 C32C53 0.78427 C6C41 0.0926 C25C41 6.2983
C5 0.2217  C32C48 -0.22510 C57C57 -0.0011  C24C55 -0.2300
C4C9 -0.0030 (32032 0.08595 C55C55 0.0024  C24C50 4.7356
C4C42 -0.0005  C31C47 0.01412 C54C54 0.0499  (C24C42 0.3864
C4C41 0.0527 C3 -0.17257 C54 -16.9901  C24C38  -15.4259
C4C32 -0.0181 C2C35 0.03192 C53C58 -0.2355 C24C36 -10.9392
C4C20 0.0307  C2C13  -0.00370 c4C8 -0.0395  C22C57 -3.3419
C48C53 03108  C29C45  8.09264 C49C55 02501 C22C56 2.3864
C48C52 1.6658  €29C30  0.10101 C43C52  -21.7676  C20C57  -0.3655
C49C49 -2.6534  C20C42 0.5775
C47C58 -0.0097  (28C42 0.01460
47056 00059 (26052 179306 C48C53 4.1512  C€20C41 5.1183
: : C48C48 0.0891  C20C37 48.9912
C47C55 -0.0044 C26C48 -0.45938 C45C49 -5.1215 C1C56 -0.0036
C47C49 0.0758  C26C45 0.27041 C42C54 0.0073 C1C55 -0.0033
C47C47 0.0033 C26C35 0.51937 C42C42 ~0.0175 C1C50 -0.1810
C46C55 0.1958 C26 1.16917 C41C49 2.7982  C1C49 -0.1428
C46C50 1.2606  C24C44  -5.43228 C41 -11.1459 C1C4 -0.0091
C45C56 -0.0211  C24C32  -0.51478 C3C41 04990  CIC33 0.0197
C45C54 -0.0790  C23C39 3.86459 C3C33 0.1158 C1C3 0.0112
C45C48 0.0653  (€23C33  -1.07577 C3C24 -0.8175 C1C1 0.0032
C43C46 02090 C1C47 -0.00126 C39C50 9.4425  C19C49 -6.0570
C38C57 0.2704  C19C42 0.3787
C42C52 -0.1992 C1C4 -0.00132
C37C47 -1.0809  C19C33 5.1968
C42C46  -00757  CICl4  0.00110 C36C56 01256  C19C19  -13.2985
C42C42 -0.0036  C19C54  -0.05398 Ca6048 07072 Cl9 12.9778
C42 0.5680  C19C49  1.30360 C36C45 ~ -2.0797  C17C58 0.0102
C41C57 0.0725 C19C33 0.56547 C36C39 1.5571 C17C48 -0.3623
C41C54 0.0308 C19C29 0.32191 C35C47 0.4899 C16C50 -0.2188
C41 -16.0209 C19 5.48872 C35C44  -26.4828  C16C42 0.0183
C3C47 -0.0020  C17C33  -0.01931 C35C39 -2.5118  C16C38 0.6749
C3C42 0.0025  C16C56  -0.00028 C33C49 6.0859  C16C33 -0.1331
C3C33 0.02832  C16C47  -0.00231 C33C47 -0.4040  C16C31 0.06414
C39C45  -0.41904  C16C31 0.00920 C32C56 0.0520  C16C19  -0.25173
C38C52 215892  C16C26  0.03356 cacls s Craes oot
(C38C48 0.83845  C15C56 0.00134 Cas0as To3316 Clacas 001237

C36C56 0.00855 C14Cs5 -0.00130

C36C48 -0.07770 C14C48 -0.00707 gg?gzg _(1);222 gi[igi} g?g%gi
CasCs7 008720  ClaC4l 001190 C31C48 0.2366  ClOC58  -0.01824
C35C47 0.11712 C12C13 0.000829 C31C39 _0.6046 C10C41 0.10410
C35C45 -0.43911 C11C41  -0.014850 C20C57 ~0.0050 C10C33 0.24069
C35C42 -0.07499 C10C41 -0.014719 C2C49 -0.2345 C1l 0.46402
C35C38 0.79874 C10C33 0.0213}1 _CaC47 -0.0212

822 Polymer(Korea) Vol. 19, No. 6, November 1995



T

LFhRE A R A%

i

el

e

AN 29y

Table 6. Parameters and Coefficients of Regres-
sion Model Equation (50 %-Modulus)

Table 7. Parameters and Coefficients of Regres-
sion Model Equation (100 %-Modulus)

Parameter Parameter coeff.

Parameter Parameter coeff.

INTERCEPT

13.2070

C2C58

0.00223

Parameter Parameter coeff.

Parameter Parameter coeff.

INTERCEP 21.2755  (C33C37 -0.6880
CoC9 00003 C2C57 0.00226 C6C9 -0.0040  C32C52 -7.2552
C6C8 0.0011  C2C56 -0.00268
CBCS6 00008 C2C54 000150 C6C19 0.0700  C32C48 -0.4829
C5C32 0.1723 C2C49 0.01438 C5C32 0.2918 C31C35 -0.0990
C54C57 0.0002  C2C48 -0.01067 C56C57 0.0021  C30C33 0.6411
C50C56 00213 €233 -0.00783 C56C56  -0.0021  C2C50 0.0882
C50C50 -0.3842  C2C20 0.02193

C52C52 43594 (2049 0.0406
C50 2.0176  C26C52 1.09424

C4C35 00199  C26C44  -2.58330 C50C56 00215 CaC4z 0.0013
C4C33 -0.0189  C26C41 0.60853 C4C56 0.0008 C2C33 -0.0405
C47C56 -0.0019 C26C35 0.81757 C4C33 -0.0457 C26C56 0.0402
C47C55 -0.0036  C25C36  -4.22405 C48C52 23048 C26CA4 54343
C46C47 -0.2672  C24C26  -0.55740 ]

C45C54 -0.0033  C21C49 2.22636 CATCST -0.0087 - C26C35 08803
C41C50 13094  C21C32  -1.05386 C47C55 -0.0085  C24C38 -3.7721
C3C41 -0.2724  CIC58 -0.00034 C45C54 -0.0087  CIC58 -0.0016
C3C38 0.1679  C1C42 0.00027 C42C50 0.0797  C1C56 0.0015
C39C58 001173  CIC38 0.00811 C42C49 00521 ClC54 00007
C39C54  -0.01083  C1C32 0.00516
C38C49  -2.01113  C1C26 0.00981 41050 22860 C1C52 0.0511
C38C41 0.92162  CICll 0.00237 C3C41 03327 Cl1C42 0.0019
C37C50  -1.50308  C19C52  -1.89429 C3C38 0.3046  C1C38 0.0617
C36C55  -0.01007  C19C49 1.10702 3035 04781  CIC19 0.0226
C36C41 0.12549  C19C46 2.08880 39047 00895 CLOCAS 21047
C35C54 0.01353  C19C41  -0.40058
C35C47 009782  C16C50  -0.04064 CaaChz 100052  C13C46 L3111
C35C42 -0.07797  C16C47  -0.00248 C38C49 -4.1921  C19C41 -0.8319
C33C54  -0.01879  C16C26 0.04253 C35C58 -0.0353  C19C25  -17.5258
C33C49 0.25911  C15C55  -0.00970 C35C47 02064 C16C56 0.00144
C33C42 0.05913  C15C48 0.25995

C35C42 -0.1997  C16C54  -0.00151

C32C53 0.48638  C14C58  -0.00047
C32C48  -0.19471  C12C24  0.18793 €35 10.5109 Cl4 -0.10939
C31C52 0.24728  C12C20 0.01303 C33C54 -0.0158  C12C12 0.00043
C31C45 -0.05049 C11C41 -0.01927 C33C50 ~0.6134 C10C16 -0.00253
C31C41  -0.08826  C10C42  -0.001810 033042 0.0946
C31C36 0.09078  C10C33  0.023293 —
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Table 8. Parameters and Coefficients of Regres- Table 9. Parameters and Coefficients of Regres-

sion Model Equation (200 %-Modulus) sion Model Equation (300 % -Modulus)

Parameter Parameter coeff. Parameter Parameter coeff.

INTERCEPT 08.4239 C2C57 0.01170 Parameter Parameter coeff. Parameter Parameter coeff.
C8C55  -00020  C2C56  -0.01166 INTERCEFT ~ 75.725  C2C56  -0.0086
C8C39 0.1066 C2C55 0.00639
C6C6 0.0048 C2C49 0.16157 C54 -0.490 C2Cs5 0.0134
C6Ch7 -0.0045 C2C48 -0.18784
C6C19 0.1920 C2C47 -0.00710 C50Cs8 0.170 CaCes -0.1464
C5Ch 0.0087 C2C45 0.15207 C50C57 0.143 C2C42 0.0085
C56C56 -0.0013 C2C42 0.00953
C50C54 0.0687 (2033  -0.05374 C50C55 -0.212 €233 -0.1848
C4C57 0.0049  C2C29 1.29064 C50C54 -0.666  C29C45 80.2417
C4C47 0.0135 C2C2 0.00222
C4C42 -0.0133 (26057 0.17589 €50 119.644  C29C38 -1.4303
C4C4 0.0032 C26C42 -0.19739

C4C54 0.008 C26C43 -9.2225
C4C33 -0.0979 C26C41 -3.94483
C4aCl6 0.0069 C25C41 1.89157 C4C45 -0.216 C26C41 -3.559%4

C49C49 -0.9702 C24C43 -2.34847
C47C55 200289  C24C38  -8.23739 Cacaz -0.021  C24C56 -0.3217
C47C50 -0.3279 C24C35 2.68720 C49C49 -7.358 C24C41 9.2632
C46C48 -0.1705 C23C33 1.48701
C45C54 -0.2983  C21C49 4.24415 C47C55 -0.056  C24C38  -18.0630

C45 417021 €20C37 8.49305 C45C49 -3.615  (24C33 4.5661

C44C44 9.6323 C2 -2.47619
C42C47 _0.0166 C1C52 0.0699 C45C48 -0.195 C24C32 -5.8913
C41C56 0.0532 C1C42 0.0060

7 1 C24 .

C41C50 2.5185 C1C38 0.1341. Casca 3.128 c26 14.6869

C41C47 0.1557 C1C32 0.0336 C42C49 0.513 C23C29 17.9951
C41 -7.0059 C19C52 -21.0868

C3C48 -0.0346 C19C50 2.5855 C42C47 -0.015 C1C38 0.1023

C3C35 1.5619 C19C49 4.3440 C42C42 -0.021 C1C33 -0.0348

C3C26 0.3099 C19C43 5.8931

C3C19 0.3862  C19C38  -14.8905 Ca2 27819 C1C32 0.0426

C39C52 14.9747  C19C36 -3.0303 C41C43 44676  CIC3 0.0122
C39C49 2.9960 C19C33 2.9345
C39C47 -0.2155  C19C25 -52.8630 C3C44 -0.9094  C19Cs0 -17.6535
C39C41 -1.5301 C19 -8.4266
C38C49 _14.2604 C17C55 -0.0048 C3C41 0.2311 C19C46 -6.3995
C37C39 -7.89969 C16C58 0.0097 C3C26 -2.1818 C19C45 9.4631
C35C56 -0.05099 C16C57 -0.0108
C35C52 5.47302 C16C55 0.0037 C38C49 -21.0634 C19C33 5.97393
C35C47 0.39602 C16C44 2.4577 C35C56 -0.1381 C19C19 -8.94257
C35C42 -0.12438 C16C42 -0.00701
C35C38 3.95790  C16C35 0.09196 C33C50 -5.3944  C17C48  -0.03743
C33C54  -0.10665  C16C19  0.12901 C33C49 26336  Cl6C57  -0.00464
(C33C49 2.36367 C15C56 0.02416 :
(C33C44 _8.17864 Cl4 041716 C33C42 0.1315 C16C38 0.59869
C33C42 0.30229 C13C56 -0.00081
C32C48 -1.18020 C10C30 0.06708 C32C48 -1.8896 C14C33 -0-41346
C32C39 -0.96949 C10C16 -0.00799 C32C41 -2.6115 C14C14 0.00952
C31C41 -0.15265 C1 -0.48240
C2C58 0.01308 C2Ch7 0.0077 C13C20 -0.14734
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Table 10. Experimental and Forecasting Results of Regression Model Equations

No H'd F Hd T.S. F_T.S. 50 %-Mod. F 50%-Mod.
01 64 67 196.9 197.7 12.7 13.9
02 65 67 205.5 199.1 12.3 13.8
03 72 69 221.9 204.7 6.8 14.4
04 65 65 217.1 208.0 4.9 11.5
05 66 66 222.2 209.0 5.3 12.6
06 65 67 206.6 209.3 5 12.2
07 60 62 168.0 183.0 13.6 15.0
08 68 68.9 221.4 202.4 13.5 16.9
09 69 69 214.6 192.0 14 14.1
10 68 68 217.1 197.5 13.3 14.1
11 67 66 300.8 269.7 19.2 17.3
No 100%-Mod. F_100%-Mod. 200%-Mod. F_200%-Mod. 300% -Mod. F_300%-Mod.
01 20.7 21.30 51.6 55.3 96.70 104.6
02 20.3 21.33 51.8 55.3 98.10 104.6
03 26.9 22.26 70.0 74.9 124.8 130.7
04 20.4 17.80 56.5 56.6 109.1 94.30
05 204 20.30 54.5 46.5 103.1 106.2
06 21.4 20.70 58.7 53.9 111.5 109.7
07 25.5 26.00 65.2 59.0 121.2 107.0
08 23.3 27.40 65.3 71.1 124.0 125.3
09 22.2 19.23 56.0 54.4 107.1 98.60
10 21.4 21.50 54.9 52.7 106.2 94.40
11 35.8 33.70 90.6 80.1 160.0 154.4

* H'd : Experimental results (Hardness), F_H'd : Forecasting results (Hardness).
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Fig. 6. Flow chart of screen in the simulation
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