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INTRODUCTION

The complexity in designing various prod-
ucts made of hyperelastic materials often stems 
from the intricacies involved in describing their 
mechanical properties [1]. This is particularly 

observed in calculations using simulation model-
ing. In characterizing the behavior of hyperelas-
tic materials, researchers typically rely on data 
obtained from tests that measure the relationship 
between stresses and deformations [2]. The me-
chanical properties of these materials can vary 
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ABSTRACT
The development of various machines and equipment containing parts or assemblies made of hyperelastic mate-
rials (e.g., rubber, silicone) is difficult because of the intricacies involved in the description of their mechanical 
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dustries, encompassing mechanical engineering, the chemical and petrochemical sectors, cement production, and 
beyond. To determine the mechanical characteristics of SKR-788 silicone, batches of test samples were prepared, 
varying solely in the ratio of the base to the catalyst. Laboratory testing of silicone samples was performed on an 
Instron 4500 device, and data such as loads, displacements, and deformations were obtained. In order to verify 
the results of the tests against the results of simulation modeling in Ansys software, a model of the experimental 
sample was built. The obtained results of uniaxial tensile testing of the experimental sample were taken into ac-
count during the description of the material in the Mooney–Rivlin model. The calculation scheme for the test 
sample during simulation modeling is similar to the one used during its laboratory testing. Applying the load to the 
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sample, the values of its displacements and stresses were obtained. Upon comparing the stress values derived from 
the results of laboratory testing on the Instron 4500 equipment with those obtained from simulation modeling, a 
discrepancy of up to 7% was identified. For the first time, the characteristics of the SKR-788 silicone material 
have been established and verified. This will facilitate the design and research of various equipment and machine 
components made from hyperelastic materials.
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dependent on factors such as the composition of 
their components, their proportions, and other re-
lated variables. Even though processing param-
eters can affect the specific tensile strength of the 
more typical 3D-printable materials, such as PLA 
or PET-G [3, 4], their behavior is more predict-
able than that of hyperelastic ones.

Known for their capacity to undergo significant 
deformations under loading, hyperelastic materials 
have garnered considerable attention in the past 
few years, which is confirmed by the amount of 
recent work done in this area. For example, Zhang 
et al. delved into the complexities of integrating 
finite-deformation viscoelastic-hyperelastic mate-
rials within a multimaterial design framework [5]. 
Arbind et al. introduced a comprehensive higher-
order shell theory tailored for analyzing the large 
deformations of shell structures composed of com-
pressible hyperelastic materials [6].

Topology optimization, a critical aspect of 
structural design, received innovative treatment 
from Junker et al., who proposed a novel ap-
proach grounded in thermodynamic extremal 
principles specifically designed for hyperelastic 
structures [7]. Ye et al. grappled with the chal-
lenge of tracking crack propagation in nearly in-
compressible hyperelastic materials, offering en-
hanced assumed strain methods to aid in energy 
decomposition [8].

Fernández et al. explored the realm of aniso-
tropic hyperelastic constitutive models for finite 
deformations, amalgamating material theory with 
data-driven approaches, particularly focusing on 
cubic lattice metamaterials [9]. In a similar vein, 
Zhang et al. devised a multi-material topology op-
timization framework specifically tailored for hy-
perelastic materials facing large deformations [10].

Further still, researchers explored specific ap-
plications and material modifications. Jamshidian 
et al. delved into the nonlinear buckling analysis 
of soft lattice metamaterials composed of hyper-
elastic materials [11]. Cholleti et al. focused on 
stress relaxation behavior in barium titanate-sili-
cone elastomer composites, observing a shift to-
ward visco-hyperelastic properties due to the ad-
dition of barium titanate particles [12]. Valizadeh 
et al. explored the tailoring of functionally graded 
hyperelastic materials through grayscale mask 
stereolithography 3D printing [13].

Finally, Zhan et al. proposed a new micro-
macro transition model tailored specifically for 
hyperelastic materials, offering insights into bridg-
ing different scales of analysis [14]. Collectively, 

these investigations emphasize the significance 
of comprehending and optimizing the behavior 
of hyperelastic materials across diverse loading 
conditions, with implications for both structural 
design and material advancement.

Given the ongoing progress in this area, the 
investigation of the characteristics of hyperelas-
tic materials remains a pertinent focus for inter-
national scientists and researchers [15, 16]. Sili-
cone, akin to highly elastic polymer blends, is a 
good example of a hyperelastic material, exhibit-
ing nonlinear relationships between deformation 
and stress during loading and unloading.

The most common models for describing 
the behavior of hyperelastic materials are Neo-
Hookean [17, 18], Mooney–Rivlin [19, 20] and 
Yeoh [21–23] models. They provide a theoretical 
basis for the analysis of such structures. The se-
lection of an appropriate model during simulation 
is crucial for effectively addressing engineering 
challenges, especially when combining simula-
tion modeling with field testing to determine the 
material’s stress–strain relationship [24]. An ex-
ample of application of the Mooney–Rivlin mod-
el is the study by Matli et al. on the failure curve 
for an interface crack between single crystal sili-
con and silicone rubber, the results of which high-
lighted the importance of this model in predicting 
material behavior accurately [25].

On a more practical note, owing to their char-
acteristics, hyperelastic materials have found wide-
spread application across various industries. For in-
stance, in the development of new product designs 
such as adjustable Laval nozzles [26], utilizing hy-
perelastic seals in a universal preventer [27] can ex-
pedite the design process, enabling the exploration 
of numerous potential configurations and experi-
mental outcomes. Moreover, hyperelastic materials, 
including silicone, can be used in the production of 
soft structures, such as seals, gaskets, medical im-
plants [28], or structures in soft robotics [29–31]. 
The unique properties of such materials also make 
them well-suited for use in belt conveyor systems, 
where they can help improve performance, reliabil-
ity, and longevity [32, 33]. Furthermore, layered 
hyperelastic structures, among which we also find 
those made of silicone, are utilized in food packag-
ing to provide both a soft, safe interior layer and a 
stiffer exterior layer [1].

With those points in mind and the potential 
use cases, the purpose of this work was to veri-
fy the results of silicone testing and simulation 
modeling for further use of the obtained values of 



270

Advances in Science and Technology Research Journal 2024, 18(5), 268–276

material constants in the design of various products, 
as there appears to be no record of those constants 
being derived for this particular type of material in 
the subject literature. This renders the present work 
valuable and practically useful while also bringing a 
novelty from a scientific viewpoint.

MATERIALS AND METHODS

Sample preparation and laboratory tests

In order to ascertain the mechanical properties 
of SKR-788 silicone [34], batches of test samples 
were made based on the dimensions outlined in 
Figure 1. To facilitate the extraction of silicone 
samples from the mold, a release wax separating 
paste [35] was applied, specifically designed to 
ensure easy separation between silicone, polyure-
thane, and other forming materials. The charac-
teristics of SKR-788 silicone are given in Table 1.

The differences between batches of experi-
mental samples are the ratio of base and catalyst 
(Table 2). According to the manufacturer’s rec-
ommendations [34] for SKR-788 silicone, the 
base/catalyst ratio is 100:2. The silicone samples 
were tested on an Instron 4500 machine (Instron, 
Norwood, MA, USA). Figure 2 shows an unload-
ed test specimen (fixed only).

The test results yielded the following param-
eters: “Load (N),” “Time (s),” “Extension (mm),” 
“Stress (MPa),” and “Strain (–).” These results were 
compiled into a txt format file, which could easily be 
exported to the Ansys Workbench software for fur-
ther analysis. The findings from this research can be 

Figure 1. Experimental sample

Table 1. Characteristics of SKR-788 silicone 

Characteristic Average 
viscosity Lifetime

Hardness 
(according to 

Shore A)

Tensile 
strength, 

kN/m

Relative 
elongation at 

break, %

Conditional 
tensile 

strength, 
MPa

Ratio of 
base and 
catalyst

Linear 
shrinkage, %

Operating 
temperature 

range, °С

Density, g/
cm3, at 25°C

Indicator 19,000 cps 
at 25 °C

from 30 min 
at 25 °C 30 ± 3 23 580 3.5 100:2 0.3 −60 + 250 1.1

Table 2. Designations of test samples and their base/
catalyst ratio

No. Sample ID Base/catalyst ratio

1 1_1

90:22 1_2

3 1_3

4 2_1

100:3
5 2_2

6 2_3

7 2_4

utilized in the design development of machinery and 
equipment across various industries [36–38].

Before the test, all samples were surface-
cleaned of any remaining uncured resin using 
ethyl alcohol. Then, the samples were marked to 
determine the gauge length. Subsequently, each 
sample was mounted in the grips so that the end of 
the grip was at the boundary of the gauge length. 
To prevent the samples from slipping out of the 
grips during deformation, elastomeric pads with 
a total thickness equivalent to twice the sample’s 
thickness were used on both sides in the grips.

Simulation modeling

3D model of the test sample 
and finite element mesh

A 3D model of the experimental sample 
was built for simulation modeling (Figure 3). 
The finite element mesh was constructed using 
the “MultiZone” tool in Ansys with the Mapped 
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Figure 2. Instron 4500 testing machine

Figure 3. 3D model of the experimental sample

Mesh Type set to Hexa. The element size was de-
fined as 2 mm. The mesh consisted of 3280 finite 
elements and 17,165 nodes, where each element 
had three linear degrees of freedom. Hyperelas-
tic materials like silicone require a fine mesh to 
capture large deformations and nonlinear stress–
strain behavior accurately. A mesh consisting of 
3280 elements ensures that critical features and 
regions of interest are well-resolved. This num-
ber, while not strictly defined for this particular 
type of material and the geometry of the sample, 
seemed to provide a reasonable compromise be-
tween computational cost and the precision of the 
simulation. Moreover, increasing the number of 
elements further did not yield any noticeable im-
provements or differences as far as the obtained 
results were concerned. The ultimately chosen fi-
nite element mesh is shown in Figure 4.

Boundary conditions and settings

During simulation modeling, two types of 
boundary conditions were applied to the surfaces 

of the 3D model of the sample: Fixed, where the 
surfaces were immobilized, and Displacement, 
where the corresponding surfaces were allowed 
to move according to specified displacements. 
The calculation scheme is shown in Figure 5.

Displacement was divided into 18 steps de-
pending on time (Table 3). These data were taken 
from the tensile test of the model, but their num-
ber had been reduced for ease of handling.

The calculation scheme for studying the 3D 
model of the sample is similar to the scheme used 
when testing it on the Instron 4500 equipment.

Figure 4. Finite element mesh

Figure 5. Calculation scheme
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Characteristics of the material

During the simulation modeling of the hy-
perelastic material, the Mooney–Rivlin model 
[39–41] was employed. Like in other hyperelastic 
models, elastic strain energy was used to charac-
terize mechanical properties. The Mooney–Riv-
lin model offers four variants distinguished by the 
order of the polynomial: two-parameter, three-pa-
rameter, five-parameter, and nine-parameter for-
mulations of strain energy. The form of the strain-
energy potential for a two-parameter Mooney–
Rivlin model is expressed as follows:

 
𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) +

+ 𝐶𝐶01(𝐼𝐼2̅ − 3) + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(1) 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

 
(2) 

 
𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

+𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 

+ 𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(3) 
 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 
+ 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) +  𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 𝐶𝐶30(𝐼𝐼1̅ − 3)3 +
+𝐶𝐶21(𝐼𝐼1̅ − 3)2(𝐼𝐼2̅ − 3) + 𝐶𝐶12(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3)2 

+𝐶𝐶03(𝐼𝐼2̅ − 3)3 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(4) 
 

 (1)

where: C10, C01, D1, – material constants; Ῑ1 – first 
invariant of the strain tensor; Ῑ2 – second 
invariant of the strain tensor.

The form of the strain-energy potential for a 
three-parameter Mooney–Rivlin model is: 

 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) +
+ 𝐶𝐶01(𝐼𝐼2̅ − 3) + 1

𝐷𝐷1
(𝐽𝐽 − 1)2 

(1) 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

 
(2) 

 
𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

+𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 

+ 𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(3) 
 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 
+ 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) +  𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 𝐶𝐶30(𝐼𝐼1̅ − 3)3 +
+𝐶𝐶21(𝐼𝐼1̅ − 3)2(𝐼𝐼2̅ − 3) + 𝐶𝐶12(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3)2 

+𝐶𝐶03(𝐼𝐼2̅ − 3)3 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(4) 
 

 (2)

The form of the strain-energy potential for a 
five-parameter Mooney–Rivlin model is:

 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) +
+ 𝐶𝐶01(𝐼𝐼2̅ − 3) + 1

𝐷𝐷1
(𝐽𝐽 − 1)2 

(1) 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

 
(2) 

 
𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

+𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 

+ 𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(3) 
 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 
+ 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) +  𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 𝐶𝐶30(𝐼𝐼1̅ − 3)3 +
+𝐶𝐶21(𝐼𝐼1̅ − 3)2(𝐼𝐼2̅ − 3) + 𝐶𝐶12(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3)2 

+𝐶𝐶03(𝐼𝐼2̅ − 3)3 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(4) 
 

 (3)

The form of the strain-energy potential for a 
nine-parameter Mooney–Rivlin model is:

 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) +
+ 𝐶𝐶01(𝐼𝐼2̅ − 3) + 1

𝐷𝐷1
(𝐽𝐽 − 1)2 

(1) 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

 
(2) 

 
𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 

+𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) + 

+ 𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(3) 
 
 

𝑊𝑊 = 𝐶𝐶10(𝐼𝐼1̅ − 3) + 𝐶𝐶01(𝐼𝐼2̅ − 3) + 𝐶𝐶20(𝐼𝐼1̅ − 3)2 + 
+ 𝐶𝐶11(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3) +  𝐶𝐶02(𝐼𝐼2̅ − 3)2 + 𝐶𝐶30(𝐼𝐼1̅ − 3)3 +
+𝐶𝐶21(𝐼𝐼1̅ − 3)2(𝐼𝐼2̅ − 3) + 𝐶𝐶12(𝐼𝐼1̅ − 3)(𝐼𝐼2̅ − 3)2 

+𝐶𝐶03(𝐼𝐼2̅ − 3)3 + 1
𝐷𝐷1

(𝐽𝐽 − 1)2 

(4) 
 

 (4)

A higher-order potential can model more com-
plex strain-stress relationships but requires more 
computational effort and a larger set of experimental 
data. At the same time, as the nonlinearity increases, 
the higher-order models may struggle to converge. 
The three-parameter Mooney–Rivlin model was 
chosen for the study of the silicone samples.

RESULTS AND DISCUSSION

Figure 6 shows the dependences of stresses 
on displacements for test samples obtained from 
the results of testing on the Instron 4500 equip-
ment. Table 3 shows the test results for experi-
mental sample 1_3. As mentioned previously, dis-
placement was divided into 18 steps depending 
on time, while the load was being increased.

Based on the results of the silicone sample 
tests, the dependence shown in Figure 7 was con-
structed using the tools available in the Ansys 
Workbench software environment, and the mate-
rial constants of the Mooney–Rivlin three-param-
eter model were obtained. Table 4 shows the sili-
con constants for the three-parameter Mooney–
Rivlin model.

Simulation results, both for displacements 
and normal stresses, have been shown in Figures 
8 and 9, respectively.

Figure 6. Dependence of stresses on displacements for the experimental silicon sample
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Table 3. Test results for experimental sample 1_3
No. Load (N) Time (s) Extension (mm) Stress (MPa) Strain (–)

1 12.2 3.08 0.2 0.29 0.003

2 15.5 4.00 7.8 0.38 0.098

3 19.1 5.02 16.4 0.47 0.205

4 23.5 6.05 24.9 0.57 0.311

5 28.0 7.02 33.1 0.68 0.413

6 32.9 8.02 41.4 0.80 0.517

7 38.4 9.02 49.7 0.94 0.622

8 44.3 10.02 58.0 1.08 0.726

9 49.7 11.02 66.4 1.21 0.830

10 56.1 12.02 74.7 1.37 0.934

11 62.2 13.02 83.0 1.52 1.038

12 68.3 14.02 91.4 1.67 1.143

13 75.4 15.08 100.2 1.84 1.253

14 81.4 16.02 108.0 1.99 1.350

15 86.9 17.02 116.4 2.12 1.455

16 91.6 18.02 124.7 2.24 1.559

17 98.7 19.00 132.9 2.41 1.661

18 101.2 19.66 138.4 2.47 1.730

Table 4. Silicon constants of the three-parameter 
Mooney–Rivlin model

Parameter Value Unit

Material constant C10 −0.10335

MРаMaterial constant C01 0.57534

Material constant C11 0.093309

Figure 7. Dependence of stresses on the deformation of the experimental 
silicone sample in the Ansys Workbench software environment

As Figure 8 suggests, the maximum amount 
of displacement in the test sample is 138.4 mm, 
and as per Figure 9, the maximum amount of nor-
mal stress is 2.6496 MPa. A discrepancy of up 
to 7% was observed when comparing the stress 
values obtained from testing on the Instron 4500 
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equipment with those obtained through simula-
tion modeling in the Ansys Workbench software 
environment. The effect of the ratio of base and 
catalyst (90:2 and 100:3) for SKR-788 silicone 
does not significantly affect its mechanical prop-
erties. However, this ratio affects the curing time 
of the silicone.

CONCLUSIONS

Hyperelastic materials, like the SKR-788 sili-
cone analyzed in this work, require the use of so-
phisticated material models, such as the Mooney–
Rivlin model, to describe their nonlinear behavior 
accurately. When performing laboratory testing, it 
is essential to ensure that the samples are prepared 
with uniform dimensions and free from defects or 
imperfections that could affect the test results. It 
is also important to select an appropriate gripping 
method (e.g., pneumatic, hydraulic, or mechani-
cal grips) that minimizes stress concentrations and 
ensures uniform loading of the specimen.

The Instron 4500 universal testing machine 
was used to perform the testing of the SKR-788 
silicone samples, which in turn made it possible 
to derive the three material constants for this 
type of material according to the three-parameter 
Mooney–Rivlin model: C10 = −0.10335 МРа, C01 
= 0.57534 МРа, and C11 = 0.093309 МРа. The 
experimental results of the uniaxial strain tests 
were also verified against the results of simula-
tion modeling using Ansys Workbench without 
showing much discrepancy. For the first time, the 

constants of SKR-788 silicone have been deter-
mined, and in the future they may be used in the 
process of developing various products that rely 
on this material.
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