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Introduction

Tango Black is a polymer from the family of Tango. 
It has various applications notably in testing.
Modeling the material is a must to run simulations of testing experiments.
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Viscoelasticity

Viscoelastic material behavior is a combination of elastic and viscous behavior.

This is a rheologic model of rubber viscoelastic behavior, “Generalized standard model”. 

We will be interested in viscoelasticity at finite strain (large).
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Viscoelasticity of Polymers

Small Deformation Large Deformation

• Bond Stretching
• Chain Straightening

• Breakage of 
Entanglement Points

• Chain Slippage
• Chain Breakage

Elastic: Viscous:

Equilibrium New EquilibriumNon-Equilibrium
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Tensile Testing

Engineering or Nominal Stress

Engineering or Nominal Strain

Boundary conditions for uni-axial 
strain-controlled loading:
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Sample Design

3D printing

3D printing or additive manufacturing is the 
process of building a three-dimensional 
structure from a CAD model. 

3D Printer Objet Eden 260VS 



10

Sample Design

We started by using a classic dogbone specimen. 

Drawbacks

• Breaks at the non-linear part.
• Slips out of the clamps. 

Then, we changed the geometry to a 
band specimen. 

Useful Length: 78 mm
Cross section area: 18 mm2
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Sample Design

SolidWorks Simulation
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Diagram of Experimental Setup
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Tensile and Cyclic Testing: Experimental Setup

2

1

3 4
5

1. Load Cell 1500 N  2. MTS 250kN  3. Grips  4. Lamp  
5. Camera

Using the Hydraulic Testing Machine MTS 
250kN and the Geometry 1:

Maximal Strain rate is:

Using the Hydraulic Testing Machine MTS 
100kN and the Geometry 1:

Maximal Strain rate is:
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Tensile and Cyclic Testing: Increasing the Strain Rate

Using the Hydraulic Testing 
Machine MTS 100kN and the 
Geometry 1:

Maximal Strain rate is:

Using the Hydraulic Testing 
Machine MTS 100kN and the 
Geometry 2:

Maximal Strain rate is:

Useful Length: 78 mm
Cross section area: 18 mm2

Useful Length: 45 mm
Cross section area: 18 mm2



Tensile and Cyclic Testing: Limitations

Strain Rate: 0.1 s-1 Strain Rate: 0.0001 s-1

Speed: ×1 Speed: ×120

Non-linear strain for high strains at high strain rates
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Tensile and Cyclic Testing: Results
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Tensile and Cyclic Testing: Results
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Relaxation Testing: Experimental Setup

!
Tango Black is semi-brittle.
Relaxation tests should be realized at 
a relatively low force to avoid fracture.

Relaxation tests were realized at a 
constant deformation level.



Relaxation Testing: Challenges

1. Noisy measurements 2. “Relaxation” in Strain

19



Relaxation Testing: Challenges

1. Noisy measurements: Solution

Increase the cross sectional area 
to increase the force measured

Change the 1500 N Load Cell to a 
200 N Load Cell (precision increased, 
requires a change of setup)

Useful Length: 120 mm
Cross section area: 6mm × 12mm = 72 mm2
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Relaxation Testing: Challenges

1. Noisy measurements: Solution

2

1

3

4
5

1. Load Cell 200 N  2. MTS 250kN  3. Grips  4. Lamp  
5. Camera 21



Relaxation Testing: Challenges

Use a dogbone specimen instead 
of a band geometry

Useful Length: 55 mm
Cross section area: 6mm × 3.3mm = 19.8 mm2
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2. “Relaxation” in Strain: Solution



Relaxation Testing: Challenges

Use a dogbone specimen instead 
of a band geometry

Useful Length: 55 mm
Cross section area: 6mm × 3.3mm = 19.8 mm2
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2. “Relaxation” in Strain: Solution



Relaxation Testing: Results
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The two-potential constitutive modeling of rubber viscoelastic materials 
proposed by Lopez-Pamies

𝜆! is a solution of this 
ODE to be solved with 
Runge-Kutta method

Stress-deformation response for 
the uniaxial strain-controlled 

deformation
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Model for isotropic incompressible elastomers proposed by Lopez-Pamies

Sumsq = 3.56
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Fracture Study
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Experimental Setup

Parameters:

• Displacement control at displacement rate 0.01 mm/s
• Stopping criterion: force control

→ Porosity of 70%: stopped at 190 N
→ Porosity of 80%: stopped at 120 N
→ Porosity of 90%: stopped at 10 N
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Results



Conclusion

Mechanical Testing Constitutive modeling Application in structure 
testing
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Simulation



Stress-deformation response for the uniaxial 
strain-controlled deformation:

Equilibrium and non-equilibrium free energy 
functions

𝜆! is a solution of this ODE to be solved with 
Runge-Kutta method:

Neo-Hookean incompressible model



More Results for Part 3



Fracture Study



Boundary Conditions

Assumption



The two-potential constitutive modeling of rubber viscoelastic materials proposed by Lopez-Pamies



𝜆! is a solution of this 
ODE to be solved with 
Runge-Kutta method

Stress-deformation response for 
the uniaxial strain-controlled 

deformation

The two-potential constitutive modeling of rubber viscoelastic materials proposed by Lopez-Pamies



Runge-Kutta Method



Runge-Kutta Method implemented in MATLAB
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Tensile MTS Program
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Tensile MTS Program
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