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Axel Products, Inc.

Provides testing services for engineers and analysts. The focus is on
the characterization of nonlinear materials such as elastomers and
plastics for users of ABAQUS, ANSYS, DIGIMAT, Marc, and Dyna.

Testing Services
Related experiments, downloads and pricing by application.

» Elastomer (hyperelastic) Characterization
= Plastic Characterization

= Sponge Elastomer Characterization

= Vibration and Viscoelastic Experiments

» Thermal Properties Measurements

= High Strain Rate Experiments

= Medical Material Testing in Saline

= Friction Measurements

» Component Tests

= Durability and Crack Growth of Elastomers
= Fatigue and Crack Growth of Plastics

= Long Term Creep and Stress Relaxation Tests

Technical Downloads Plastic Material Models

Popular downloads.
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Structural Properties
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Structural Properties
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Structural Properties
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ANSYS Plastic
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ANSYS Plastic

Load-unload to 0.02
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WSS Plastic
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Engineering Strain
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ANSYS Plastic

Strain Recovery Summary
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sz 1hermoplastic Elastomers

10 4 Thermoplastic Elastomer
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ANSYS Teflon

Teflon
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sz Crushable Foam

Crushable Foam

-60

23°C Cyclic Loading Summary
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Sample Dimensions:

Priorto testing:

SIMPLE COMPRESSION,
Quasi-Static Loading

Height = 10.71mm
Area=20.28mm x 20.25mm

20 seconds after testing:
Height = 4 12mm
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A General Strategy

1. Understand the loading conditions of the part

2. Understand the general behavior of the materials
involved

Select the significant material behaviors

4. Use existing or develop material models to describe the
behavior

5. Verify the performance of the material model
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Long Term Creep
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WSS Plastic
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Specimen

s Long Term Creep Experiments
. Often Required for Metal Replacement Applications

. Structural Applications May Require a Range of
Stress Levels and Temperatures
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Time

NANSY!

Summary of rate-dependent plasticity models in ANSYS:

CREEP RATE ' ANAND*
Behavior Strain rate- or time-dependent
Isotropic or anisotropic creep (see Isotropic or anisotropic Isotropic
HILL below) viscoplasticity (see HILL below)
Yield Surface No explicitly defined yield surface Includes yield surface No explicitly defined yield

surface. However. includes
evolution equation.

Possible to combine with
plasticity, which is decoupled with
creep strains

Combination with
rate-independent
plasticity

BISO, MISO, NLISO, BKIN, HILL

Rate-independent plasticity model is
required. Inelastic strains are
coupled

No additional rate-independent
plasticity allowed. Inelastic
strains are coupled

BISO, MISO, NLISO, HILL None

Strain Rates Suitable for small strain rates

Suitable for large strain rates Suitable for small strain rates

Element Types® Explicit - core and misc

Time scale Long periods, creep and plasticity = Short periods, usually for impact- Short/medium periods
hawve different time scales type problems
Temperature Temperature effects included as Can input temperature-dependent Anand's equation considers
Effects part of equation (or material material constants, but equations do| temperature effects directly. No
constants can be temperature- not consider temp effects directly need to input temperature-
dependent) ? dependent material constants
Supported Implicit - core and 18x Core and 18x VISCO106-108

1 “RATE” includes Peirce and Perzyna models.

2 Temperature-dependent material constants available for implicit creep
3 Core Elements = PLANE42, SOLID45, PLANE82, SOLID92, SOLID95

18x Elements = LINK180, SHELL181, PLANE182-183, SOLID185-187, BEAM188-189, SOLSH190,
SHELL208-209

4 Anand’s Model is discussed in Appendix A
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Compression
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Compression

Simple Compression with Lubrication
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Rubber

1. High strain applications
2. No distinct modulus or yield
3. Bulk >>> Shear
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A Spring and a Dashpot?
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Uniaxial vs "Button" Compressio
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What does Incompressible Mean?

Constrained vs Unconstrained Compression

10 |-

VOLUMETRIC COMPRESSION
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s Volumetric Compression

Poisson's ratio approaching 0.5 means infinite bulk modulus, K

For elastomer materials Poisson’s ratio is difficult or impossible to measure
accurately. For plastic materials, it is hard to measure VC accurately. Measure
Pressure-Volume directly.

KIG Relationship to Poisson's Ratio
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Incompressibility
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Not a spring and dashpot
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Hyperelastic Models Define a Surface

Planar ypiaxjal
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Hyperelastic Models

26

* Material response is isotropic, isothermal, and
elastic and is assumed fully or nearly
incompressible.

* There are many hyperelastic models available
in ANSYS which can cover wide varieties of
elastomers used in Industries.

Available Hyperelastic models:

* Arruda-Boyce Hyperelastic Material

* Blatz-Ko Foam Hyperelastic Material

* Extended Tube Material

* Gent Hyperelastic Material

* Mooney-Rivlin Hyperelastic Material

* Neo-Hookean Hyperelastic Material

* Ogden Compressible Foam Hyperelastic Material
* Ogden Hyperelastic Material

* Polynomial Form Hyperelastic Material

* Response Function Hyperelastic Material

* Yeoh Hyperelastic Material
© 2013 ANSYS, Inc. June 4, 2014 ANSYS Confidential

B Hyperelastic

E Meo-Hookean
E Arruda-Boyce
E Gent

T Blatz-ko

E Mooney-Rivlin 2 Parameter
E] Mooney-Rivlin 3 Parameter
E] Mooney-Rivlin 5 Parameter
E] Mooney-Rivlin 9 Parameter
E] Polynomial 15t Order

E] Polynamial 2nd Order

E] Polynamial 3rd Order

E] Yeoh 1st Order

E] Yeoh 2nd Order

E] Yeoh 3rd Order

E] Ogden 1st Order

E] Ogden 2nd Order

E] Ogden3rd Order

E] Response Funchon

E] Dgden Foam 1st Order
E] Dgden Foam 2nd Order
E] Ogden Foam 3rd Order
E] Extended Tube

T3 Mullins Effed

Specialized Hyperelastic models:

* Anisotropic Hyperelastic Material

* Bergstrom-Boyce Material

e Mullins effect

* User-Defined Hyperelastic Material
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Engineering Stress (MPa)
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Hyperelastic Models

Curve Fitting feature

* Material curve fitting allows you to derive coefficients from experimental data that
you provide for your material.

* With this capability, you compare experimental data versus program-calculated data
for different nonlinear models and determine the best material model to use.

* ANSYS provides curve-fitting, based on experimental data, for all of the available
hyperelastic models. Any of the hyperelasticity models in ANSYS can be used.
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ISl Simple Tension

*Uniaxial loading

*Free of lateral constraint Gage Section:
Length:Width
>10:1
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IS %d Planar Tension

1. Uniaxial loading
2. Perfect lateral constraint

3.  All thinning occurs in one direction

‘i www.axelproducts.com

A= 10:1
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s Equal Biaxial Extension

1. Same Strain State as
Compression

2. Can Not Do Pure Compression

3. Can Do Pure Biaxial

I,
mam WWW.axelproducts.com

| www.axelproducts.com &
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Loading Conditions

Some common Elastomers exhibit dramatic strain amplitude and
cycling effects at moderate strain levels

Conclusions:

1. Test to Realistic Strain
Levels

2. Use Application
Specific Loadings to
Generate Material Data

3.  Need to load and unload
to separate elastic from
plastic

32 © 2013 ANSYS, Inc. June 4, 2014
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Loading Conditions

Some common Elastomers exhibit dramatic strain amplitude and
cycling effects at moderate strain levels

Conclusions:

1. Test to Ralistic Strain
Levels

2. Use Application
Specific Loadings to
Generate Material Data

3.  Need to load and unload
to separate elastic from
plastic
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Loading Conditions

Some common Elastomers exhibit dramatic strain amplitude and
cycling effects at moderate strain levels

Conclusions:

1. Test to Realistic Strain
Levels

2. Use Application
Specific Loadings to
Generate Material Data

3. Need to load and unload
to separate elastic from
plastic

Engineering Stress (MPa)
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Loading Conditions

Some common elastomers exhibit dramatic strain amplitude and
cycling effects at moderate strain levels

Conclusions:
1.8
1. Pick one level 16l /l
of //
2. Use Mullins Model 14 — >
© L
3. Use BB Model SRE 74 :
g 1o /// ///
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g | V 2
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Engineering Strain
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...Mullins Effect in Elastomers

The modified Ogden-Roxburgh damage function available in ANSYS has the
following functional form of the damage variable

nzl_;eﬁ{wm—wo}
r m+ Blm

Where: r, m and B are user defined material damage parameters

Wm = max JVo(t) ~ is the maximum virgin potential over the time
interval te [ to, OF the potential from which the unloading starts.

The parameters used in the Ogden-Roxburgh damage are directly available in WB-Mechanical

Note: ANSYS currently do not offer curve fitting for this material model.
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...Mullins Effect in Elastomers

Cyclic curve

e \/irgin Curve

*Unloading Points

Engineering Stress
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Stretch
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A General Strategy

1. Understand the loading conditions of the part

2. Understand the general behavior of the materials
involved

Select the significant material behaviors

4. Use existing or develop material models to describe the
behavior

5. Verify the performance of the material model
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Loading Conditions

Some common elastomers exhibit dramatic strain amplitude and
cycling effects at moderate strain levels

Conclusions:
1.8
1. Pick one level 16l /l
of //
2. Use Mullins Model 14 — >
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3. Use BB Model SRE 74 :
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Bergstrom-Boyce Model

The Bergstrom-Boyce material model is a phenomenological-based, highly

nonlinear material model used to model typical elastomers and biological
materials.

It allows for a nonlinear stress-strain relationship, creep, and rate-dependence.

It assumes an inelastic response only for shear distortional behavior. The
response for volumetric is still purely elastic

The model is based on a spring (A) in parallel with ‘
a spring and damper (B) in series.

All components (springs and damper) are highly A ? B

o~
—
nonlinear. et
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... Bergstrom-Boyce Model

The stress state in A can be found in the tensor form of the deformation
gradient tensor (F = dx; / dX;) and material parameters, as follows:

-1 T
L A
T g [AJEHJ

dev| B [+K[Ja - 11

where

T = stress state in A

My, = initial shear modulus of A
.hﬁl':'Ck = limiting chain stretch of A
K = bulk. modulus

é; = J—EISIEIET

hp, = NOCRIE
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Commercial Fitting Tool, MCalibration

£} MCalibration - Demo_Lmcal* (Z/aaTestDataCentral/as O14/DOC  Lmcal) B=% §08 "X
File Edit LoadCases Material Model Simulation View Help
o W s > » ) o 2 = S _
OpenMCalFle  Sove MColFle ImportMaterial Model  RUNONCE  Run Calltvation  pauce Calbration 530 O 7 PaametikStdy ExportModel SovePreditons  Prefarences  Creste Report
Q’ Experimental Tests /Load Cases
N S Fit Load Case Name WN Mcalibration [l ) ) )
- 038 ! ! ! mul=0.321012
15 Pk B 1% DES 23 €8 5CL3 78 2bhal=6.46240
FleNamej Der ] 0.
2 3 384 [ 0BS.23CPTSCLIZE FileNamey Demo_1.mcal 2::20-3.1133277
- -abha2=-2.61194
34 308 L 085 23C ST SCL2.28 7 D2=0.01
[setMoteria Model...| Ogden : 4
Name Value LowerBound UpperBound  Optimize R2 Fitness = 0,992
1 mul 0321012183 71
L L L
2 alphat 646248993 &2 0.1 0.15 0.2 0.25
3 D1 001
] mud 0183277012 34
s alpha 251193667 95
6 02 001 -
valus =
value =
value =
valus =
valus
Iteration value
Izeracion
Iteration
Iteratica
Calibration iaterrupted.
Ontimizanion dons e
| Opt Method: Automatic [Best NAD Fitness (with Wesght Fectors): 3.70085 [Run Time: 00:00:25 [Function Evaluations: 462
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Hyperelastic Models Define a Surface

Planar ypiaxjal
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Simple Shear

1. Additional Strain State

2.  Using DIC Strain Measuring

- 23C
%)
) 45C
S
p -
-—
N _ 100C
2 L
8 150C
& L
0]

1 1 L 1 | I 1

Shear Strain
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S &odel Verification

Attributes of a good
model verification
experiment

The geometry is realistic.

All relevant constraints are
measurable.

The analytical model is well
understood
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Confinement can be
Significant
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Model Verification
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WSS ANSYS Experimental Elastomers Training
at Axel Products

Lecture 2

ANSYS teams with Axel Product, Inc.
(www.axelproducts.com) to offer this course that RSl icivy 14.0 Release
covers material testing, material modeling and ' ,
finite element analysis of elastomers.

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

ANSYS Mechanical
Experimental Elastomers

Workshop 6 — Axisymmetric Ring
Goal

* Run a viscoelasticanalysis of an axisymmetric hyperelastic ring.
* Become familiar with performing viscoelastic curve-fitting.

Model Description

H yainy,

- S

H &~ -

L 9
* 2D plane axisymmetric model H =\ 5

H 95 A

H N7 &’

® Frictional contact between the rings H Layanss

* Frictional contact between the bottom ring and side walls
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ANSYS Experimental
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caxel

physical testing services

Structural Plastic Training at Axael Products

ANSYS teams with Axel Product, Inc.
(www.axelproducts.com) to offer this course that
covers material testing, material modeling and
finite element analysis of structural plastics such
as Polyethylene (PE), Polypropylene (PP),
Polyvinyl chloride (PVC) etc.
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