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Abstract: A Mullins simulation was conducted to analyze the effects of loading and unloading of
a flexible-type SEGE coupling with a nominal torque of Ty = 80 Nm and maximum torque of
Timax = 120 Nm. The coupling’s properties were determined by examining its moment characteristics
at T =120, 100, 80, 60, 40, and 20 Nm. The correlation between the Mullins effect results obtained
from the SEGE coupling load simulation via SolidWorks 2022 software and the actual experimental
data was examined.
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1. Introduction

The Mullins effect is a mechanical response observed in highly elastic “Rubber” type
materials where the stress—strain curve is conditioned upon the pre-applied maximum
load [1-5]. This phenomenon leads to an immediate increase in the elasticity (softening) of
the material, which occurs when the load surpasses a previous maximum value. Conversely,
when the load is below the previous maximum, nonlinear elastic behavior is displayed.

A comparative analysis of the Mullins effect was undertaken in a static study [6] of a
flexible SEGE 80 coupling (Figure 1), standardized according to BDS 16420-86 [7]. The study
includes simulations in the SolidWorks 2022 CAD system, involving the application of a
load to that coupling [8-13]. The working elements of the coupling are rubber cylinders,
position 2, compressed by thumbs evenly distributed at 360° across the front surfaces of
the two semi-couplings—position 1 and 3. The cylinder press is carried out by rotating one
semi-coupling on its axis relative to the other semi-coupling, which is fixed. Due to the
viscoelastic properties of the “Rubber”, a “Generalized Maxwell model” is utilized in the
simulation software system to calculate the deformation state of the material, specifically
for the working cylinders of the coupling [14-18].
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Figure 1. Flexible-type SEGE 80 coupling.

2. Exposition

The Mullins effect is a phenomenon that describes the “softening” of rubbers during
the initial maximum deformation. This significant alteration in the mechanical properties
of rubbers following the first elongation results in residual deformation and induced
anisotropy. To represent the Mullins effect, the performance of the SEGE 80 coupling was
tested, for the scope of the present research, in accordance with a program that aligns with
the methodology described in the regulatory document BDS 16638-87 [7].

Experimental studies were conducted to evaluate the damping capabilities of the
coupling using torque values measured at T = 120, 100, 80, 60, 40 and 20 Nm [6], with a
maximum load at Tj;;;x = 120 Nm. The results of these studies are graphically visualized
in Figure 2, with the dashed line representing the coupling unloadings.

Mullins effect of SEGE 80 Nm, Laboratory Data
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Figure 2. Experimental study of the SEGE 80 coupling in terms of the damping capability of the
Mullins effect.

A computer model was created based on the design of the flexible coupling, with the
material of the working cylinders pre-set as “viscoelastic” and mechanical property values
closely resembling those in the “Generalized Maxwell model” (Table 1) [19].

The computer model of the SEGE 80 coupling was developed to meet the dimensions
specified in BDS 16420-86 [7]. The working surfaces within the coupling consist of the
concave cylindrical surface of the floated semi-coupling thumb (Figure 3, position 1),
concave cylindrical surface of the fixed semi-coupling thumb (Figure 3, position 3) and the
cylindrical surface of the rubber cylinder (Figure 3, position 2). Through torque from the
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floated semi-coupling, the thumb “position 1” compresses the cylinder “position 2” on the
fixed thumb “position 3”.

Table 1. Mechanical characteristics and parameters required for viscoelastic material simulation.

Model Type—Viscoelastic

Ne Parameter Symbol  Value Unit of Commentary
measurement
1. Elastic Modulus E 11 MPa Modulus of linear deformation
2. Poisson’s Ration v 0.49 - Poisson ratio
3. Shear Modulus G 3.69 MPa Modulus of angular deformation
Thermal Expansion 1 Coefficient of thermal expansion for
4 Coefficient T 0.0002 K “EPDM” rubber
5. Tensile Strength SeH 17 MPa Tensile strength
6. Shear Relaxation Modulus (1) g 0.45 Mod.ulus of relaxation .
(0-1, I—maximum energy absorption)
Time Values L
7. (Shear Relaxation Modulus 1) t 1 s Range of relaxation time
8. Glassy Transition Tg —55/218.15 C/K Glass transition temperature
Temperature
9. Mass Density r 1430 kg/m3 Density of “EPDM” rubber
Nonliner Static Properties
Stepping options Settings of the simulation steps
1. Start time 0 Start time of the simulation
2. End time 20 End time of the simulation
Time mcrement Settings of the simulation step time
(autostepping)
1. Initial time increment 0.2 Initial time increment
2. Min 0 Minimum step time
3. Max 20 Maximum step time
4. No. of adjustments 5 Number of adjustments
Geometry nonlinearity options Occurrences of geometric nonlinearity
Use large displacement Computations in the event of large
formulation yes displacements
L . . Computations in the event of large relative
arge strain option yes def. .
eformations
Solver Method of solution
Automatic Solver Selection yes Automatic method for obtaining a solution
Incompatible bonding options Options with incompatible bonding
Simplified yes Simplified bonding
Step/ Tolerance options Step/ Tolerance
1. Do equilibrium iteration every 1 step (s) Using 1te.r'at1.ons to achieve system
equilibrium for each step
2. Maximum equilibrium iterations 20 Maximum number.o.f it.erations to achieve
equilibrium
3 Convergence tolerance 0.01 Rel.ative displacem.eI}t t.olerance used to
achieve system equilibrium convergence
4. Maximum incremental strain 0.1 Maximum increase in relative strain
5. Singularity elimination factor (0-1) 0 Uncertainty factor

The working cylindrical surfaces of the coupling have parallel axes and varying radius
values. The binding between these surfaces is, theoretically, expected to be in a “line”,
presupposing, in turn, the impact of contact stress experienced by the working elements.
To prevent potential errors in the tolerance conditions of the coupling load simulation, a
sufficiently small contact area is modeled on the working cylindrical surfaces (Figure 4) [20].
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Figure 3. Elastic-type SEGE 80 coupling.

Figure 4. Contact surface on the working cylindrical surfaces.

The SEGE 80 coupling simulation is conducted with a prior maximum torque of
Tnax = 120 Nm. The strain distribution pattern for the rubber coupling element is illus-
trated in Figure 5.

Figure 5. Rubber element deformation of SEGE 80 coupling with Ty;qx = 120 Nm.

3. Results and Discussion

To adhere to the theoretical model of the Mullins effect, the unloading of the three-
dimensional model was carried out sequentially with torque values of T = 120, 100, 80, 60,
40 and 20 Nm [6]. The simulation data were analyzed and are graphically represented in
Figure 6.
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Mullins effect of SEGE 80 Nm, Simulation Data
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Figure 6. Simulation study of the SEGE 80 coupling in terms of the damping capability of the
Mullins effect.

The foundation of this study was taken from [19], but, due to the additional results of
the Mullins effect, this research is more precise in terms of the concepts used.

4. Conclusions

This article describes a methodology for studying the SEGE coupling, in which a
comparative analysis is made between a laboratory study and a software simulation to
examine the damping capability of the Mullins effect. The aim of the analysis is to prepare
a theoretical model of the coupling, sufficiently close to the experimental one, with a
percentage difference of the Mullins effect in both models of up to 2.5%. This accurate
theoretical model can be used for the geometry optimization of rubber elements and semi-
couplings, which can improve the overall performance of the coupling without the need
for a real prototype for laboratory study.

The percentage difference in the Mullins effect in Figures 2 and 6 is calculated as being
approximately equal to 2.3%, suggesting that the theoretical model can be considered close
to the experimental one.

Additionally, there is an opportunity to explore the damping capabilities of the cou-
pling and study the nonlinear characteristics of its behavior in a CAD system by modifying
fundamental geometric parameters.
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