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COMSOL Solid Mechanics Materials

 Elastoplastic Material

 Fatigue

 General Stress-Strain Relation

 Geomechanics Material

 Hyperelastic Material

 Linear Elastic Material

 Linear Viscoelastic Material

 Nonlinear Elastic Material

 Poroelastic Material

 External Material Functionality
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Commonly used to 

represent polymer 

behavior



External Material Model with COMSOL
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1. Write code for user-material model

2. Compile code to shared-library format

3. Copy jar-file to COMSOL plugins directory

4. Define the material parameters in COMSOL

The PolyUMod library is 

available for COMSOL



PolyUMod Library

 Commercially available library available from Veryst 

Engineering

 More than 15 different highly accurate non-linear 

viscoplastic material models, e.g.:

 Bergstrom-Boyce (BB) Model

 Suitable for rubbers and elastomer-like materials

 Captures: strain rate effects, hysteresis

 Three Network (TN) Model

 Suitable for isotropic thermoplastics

 Captures: strain rate effects, viscoplastic flow and recovery

 Parallel Network (TN) Model

 Suitable for highly non-linear and/or anisotropic materials

 Captures: strain rate effects, viscoplastic flow and recovery
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Polyether Ether Ketone (PEEK)

 Good mechanical properties 

(E ≈ 4 GPa, σut ≈ 100 MPa)

 Good wear resistance

 Inert, generally biocompatible

 Orthopedic applications:

 Spinal implants/spacers

 Fixation (screws, plates, etc.)

 Biomedical textiles (wovens, 

braids)

 Sealing applications (HPHT)
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Experimental Test: Uniaxial Compression
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Uniaxial Compression



Experimental Test: Uniaxial Tension
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Uniaxial Tension

Viscoplastic 

response with slight 

softening after yield



Three Network (TN) Model
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The Three Network (TN) model is a micromechanism inspired 

modeling framework suitable for thermoplastics. The TN model is 

available in the PolyUMod library.

Bergstrom, Bischoff, “An Advanced Thermomechanical Constitutive Model for 

UHMWPE,” Int. J. Structural Changes in Solids, Vol 2, No 1, pp. 31-39, 2010
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TN Model Theory
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𝜎 =
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𝐽𝑒𝜆𝑒
ℒ−1  𝜆𝑒 𝜆𝐿
ℒ−1  1 𝜆𝐿

dev 𝑏𝑒 + 𝜅 𝐽𝑒 − 1 𝟏

 𝜇 = −𝛽 𝜇𝑖 − 𝜇𝑓  𝛾

 𝛾 =  𝛾0
𝜏

 𝜏 + 𝑎𝑅 𝑝

𝑚

• The stress in each network is defined by 

the Arruda-Boyce Eight Chain model:

• The shear modulus in Network 2 evolves 

with the plastic strain:

• The flow in each network is defined by a 

reptation inspired equation:
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TN Model Parameters

 The TN model 

needs up to 17 

parameters that 

need to be 

determined from 

experimental data
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Material Model Calibrations
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The TN model was calibrated using the MCalibration® software 

from Veryst Engineering.



MCalibration Example - 1

 Start the 

software and 

read in the 

experimental 

data
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MCalibration Example – 2

 The experimental 

data is loaded 

using a Load 

Case dialog

 This figure shows 

a tension load 

case

 Repeat this step 

for all 

experiments
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MCalibration Example – 3

 Then select a 

material model 

to calibrate

 In this example 

we will select 

the TN model
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MCalibration Example – 4

 Then simply click 

“Run Calibration” 

to automatically 

adjust the 

material 

parameters to 

best match the 

experimental data

 The stress 

calculations are 

performed within 

MCalibration
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MCalibration Example – 5

 Comparison 
between 
experimental 
data and 
material 
model 
predictions

 The TN 
model 
accurately 
captures the 
uniaxial 
tension and 
compression 
response
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MCalibration Example - 6

 Export the material model 

to COMSOL format
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MCalibration Example - 7

 The calibrated 
material model can 
then be entered into 
COMSOL Version 
5.2 (and later) using 
the interface for 
external material 
models

 This interface can 
be used to model 
advanced nonlinear 
viscoplastic material 
models using the 
PolyUMod® library 
from Veryst 
Engineering
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COMSOL External Material Functionality
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The list of material 

parameters is obtained 

from MCalibration.



COMSOL External Material Functionality
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Multiaxial Validation Testing
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Small punch 

testing

(ASTM 

F2183)

Spherical 

Indentation

Testing



COMSOL: Small Punch Simulation
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COMSOL: Small Punch Test

 The COMSOL model is in 
excellent agreement with 
the experimental data
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Axisymmetric model



COMSOL: Indentation
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COMSOL: Indentation

 The TN model is in excellent 

agreement with the 

experimental validation data
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Summary

Accurate COMSOL non-linear structural FE analysis 

requires:

 Careful experimental testing

 Selection of an appropriate material model

 The External Material Functionality in COMSOL can be used to 

introduce very accurate viscoplastic material models

 Material model calibration

 The MCalibration software is very useful for model calibration

 Material model validation (optional)

 FE model setup and simulation
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