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Research subject: The rubber Springs with sponge structure must
have acceptable tear resistance in addition to desirable compression
set. Usually enhancing each of these properties leads to the weakening
of the other property.

Research approach: Providing simultaneous optimum values of these
two properties in the rubber spring compound requires consideration
of the effective factors by performing several tests. Therefore, in this
study, a test plan based on the Taguchi statistical analysis technique was
presented to design the optimal formulation in exchange for reducing
the number of required tests. Thus, the impact of four factors: weight
percent of Natural rubber (NR), concentration of zinc oxide (Zn0),
dicumyl peroxide (DCP), and ethylene glycol dimethacrylate (EDMA)
on the ratio of tear resistance to compression set (design criterion, Q)
was determined.

Main results: The data given by ANOVA showed that the amount of
DCP with %66.93 has the highest influence on the design of the rubber
spring compound. In addition, it was revealed that the curing system
is a solution for the simultaneous optimization to maximum tear
energy and minimum compression set of the compound. Statistical
analysis predicted that the optimal formulation contained 60 weight
percent of NR and 4,1, and 2 phr of DCP, ZnO, and EDMA, respectively.
Experimental test results confirmed the predicted Q value for optimal
conditions.
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Table ). Basic formulation and specifications of raw materials used in the design and preparation of
rubber spring compounds

Ethylene-propylene-
diene monomer Rubber Variable KEP - 270 Kumh;)(cfj’;;l;/chem,
elastomer (EPDM)
. THE AH YAU
Natural rubber (NR) Rubber Variable SMR 20 (GM), Malaysia
. . . . Rangineh Pars,
Zinc oxide (ZnO) Activator Variable - Iran
Stearic acid PrO(;ei(sismg Palmera KLK, Malaysia
Dicumyl peroxide Peroxide . Akzonobel,
(DCP) curing agent Variable Perkadox BC-FF Netherlands
Ethylene glycol
dimethacrylate Coactivator Variable - MERCK, Germany
(EDMA)
. Foaming Shandong
Baking soda agent NC-220 Donglin, China
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Figure 1. Scheme of compression set test equipment for rubber spring specimens
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Table 2. Factors and levels considered in the statistical design of the experiments

Factors Additive type Level 1 Level 2 Level 3
Weight Percent of
NR in base rubber Rubber 20 40 60
Amount of ZnO Activator 1 2 4
Amount of DCP Peroxide curing agent 0.5 1 2.5
Amount of EDMA Coactivator 2 3 4
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Table 3. Statistical design of experiments and rubber spring formulations by Taguchi method

Tr(isa;r‘l‘;igs)er NR (%) Zn0 (phr) DCP (phr) EDMA (phr)

1 20 1 0.5 2

2 20 2 1 3

3 20 4 2.5 4

4 40 1 1 4

5 40 2 2.5 2

6 40 4 0.5 3

7 60 1 25 3

8 60 2 0.5 4

9 60 4 1 2
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Figure 2. Diagram of tear force vs. strain of cured rubber spring compounds
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Table 4. The results of tear and compression set tests and calculated statistical design criteria for each sample

i g)lad bl 5 (S L Coglie (gjluatge

Tear Tear Tear Tear Normalized | Compression cli(r)rfn;?el;:ieoi Statistical

force | strength strain energy | tear energy | set@ 4 day set p@ 4 da design

_ (N) | (N/mm) | (%) (kJ/m) ) (%) Y| criteria

Trial )
number
norm E_= norm C = Q=normE./

Samples = Ts - 15 T C w
(Samples) T E,/(29.67) Ci7EY) | fowd
- - - Maximum | Maximum Minimum Minimum Maximum

21.416 0.722 + 26.603 3.461 + 0.2085 *

! 38990 | 19019 | 911.196 0.047 0.0016 0.021 0.0027 0.0003
16.828 = 0.567 £ 18.711 2434 0.2329

2 37.314 1 18113 | 724.046 0.064 0.0021 0.013 0.0017 0.0007
5.208 + 0.175 + 7.687 + 0.1755 +

3 34.081 | 15.562 | 245.862 0.073 0.0025 0.006 1+0.0008 0.0024
24.662 * 0.831 + 21.797 2.836 + 0.2931 +

4 62218 | 32.237 | 850.496 0.045 0.0015 0.008 0.001 0.0004
3.704 = 0.125 + 8.175 1.063 + 0.1174 +

> 28453 | 14.155 | 218.289 0.016 0.0005 0.005 0.0007 0.0004
29.679 29.989 3.901 0.2563

6 57.907 | 30.003 | 1129.553 0.059 1+0.002 0.011 0.0014 0.0005
4117 + 0.139 + 1.085 + 0.1279

7 29.411 | 15.898 | 241.129 0.033 0.0011 8.337 £ 0.01 0.0013 0.0009
22.579 0.761 25.517 332+ 0.2292 +

8 53.358 | 27.790 | 938.375 0.07 0.0024 0.017 0.0022 0.0006
21.734 0.732 + 13.087 = 1.702 + 0.4301 +

? 54675 | 29.395 | 860.743 0.05 0.0017 0.013 0.0016 0.0006
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Figure 3. Tear propagation energy of cured rubber spring compounds prepared using die type A
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Figure 4. Diagram of compression set vs. time of cured rubber spring compounds
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Figure 6. Diagram of influence of factors on tear energy, compression set, and Q criterion
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Table 5. ANOVA results based on Q criterion

Factors DOF Sum of Sqrs. | Variance F - Ratio Pure Sum Participation
) (S) V) (F) () percentage P (%)
Weight percent
of NR in the 2 0.015 0.007 175.402 0.015 7.142
base rubber
Amount of ZnO 2 0.045 0.022 4096.037 0.045 21.279
Amount of DCP 2 0.143 0.071 12881.711 0.143 66.93
Amount of
EDMA 2 0.009 0.004 881.786 0.009 4.576
Other / Error 18 0.001- - - - 0.07
Total 26 0.213 - - - %100

(Sl 8 ol (sl (goleiday dne s9Rge b
Jyo=z 0 Q slsesls g lol Jdowi g 35T 29, 3l

Jolse oyl &8 )i o0 o(B) Joaz jo 0 ilo Q
o=l g ao 0 FIOA o VIV YVIYA £EIAY (s b an
(e albelw glial (g5lwags a5 ol lis ol

Yo roek = (ooad owiien $0 )15 Lo gy sl A o (kg3 (oole dolidiad


https://arcpe.modares.ac.ir/article-38-36959-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-01-18 ]

b gylid Ul g (Tl Coglie (g5luatgy

75U 95 5 Q o sl eoleitin atge uindset & Jsozr
Table 6. Optimal formulation proposed by Taguchi method based on Q criterion

Factors Level Level Description
Amount of NR in 3 60 wt% of NR and 40 wt% of EPDM in bace rubber
the base rubber
Amount of ZnO 3 4 phr
Amount of DCP 2 1 phr
Amount of EDMA 1 2 phr
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Table 7. The results of statistical studies of cell size

nggir withcaeglzl;ifnum (Erﬁ) (Er;l) PDI=D, /D,
frequency (um)
3 128 150 142 1.06
6 138 152 145 1.04
9 134 158 146 1.08
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