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Engineering Stress (MPa)
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Analytical Material Models do not Describe
All Loading Conditions

Must Use Application Specific Loadings

Engineering Stress (MPa)

" | Relaxed Points at 0.1 Sec —__ _~"

Simple Tension /

Single Pull To Failure ~

n

/ —
||

I/
/_ .
Belaxed Points

Cy

at 2000 Sec
Cycled to 100%

Cycled to 50%

Cycled to 100%
Unloading

Engineering Strain

Axel Products, Inc. www.axelproducts.com 734-994-8308



oAay; Demo of Curve Fitting caxel

EEIEZEEETTT
AGAASArT I

m Starting ABAQUS/CAE
abaqus cae
Thisistheinitial screen that pops up
Dat abase” option

Select the“Cr eat e Mbdel
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»{ ABAQUS /CAE Version 6.1
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m In the Modul e list located under the toolbar, Physical tasfing serdces
click Property.

The cursor changes to an hourglass while the
Property module loads.

»¢ ABAQUS/CAE Version 6.1 - Model Database: D:\Cours
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The Material Manager

The Mat eri al Manager will appear. On
the left side there is a list box of materials
(the list is currently empty). The buttons
on the right side are used to create and
modify material definitions.

Select the Cr eat e button.

The Create Materi al
dialog box appears.

Inthe Create Materi al dialog box a
default material name Mat eri al - 1
appears. Replace this default name by
typing the name Rubber , and click
Conti nue.

»¢ Material Manager

axel
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% Material Manager

X Create Material

Continue.., |

Cancel | '

- : .
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Dismiss
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= From the menu bar in the upper portion of the editor
window, select Mechani cal - >El asticity-
>Hyperel astic.
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The parameters and data
corresponding to hyperelasticity
appear in the option definition
area below the option menus,
and the word Hyperelastic
appears in the Material Options
list at the top of the window.

In the option definition area,
accept Test data as the Input
source selection. Note that the
Strain energy potential button
defaults to the value Unknown.
Select the Suboptions button and
select Uniaxial Test Data from the
list that appears.

axel
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""\ Edit Material

Mame: Rubber
- Material Options

vperelastic

Strain energy potential: Unknown =i |

lJse Suboptions to enter test data,

If test data are available, hut the strain energy potential
i5 unknown, a material may be evaluated to help decide
which potential is best,

After the test data have been entered and the material has
been created, select "Material-=Evaluate” to evaluate a
material,
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The Suboptions Editor appears.

Note that data required is
Nominal (Engineering) Stress in
column 1 and Nominal
(Engineering) Strain in column 2.
To display context-sensitive help
for specific buttons, text fields,
and other options in the
Suboptions Editor, you must
select the option of interest and
then press [F1].

Click mouse button 3 in the first
cell of the table, and select Read
from File from the list that
appears.

MName: Rubber
~ Material Options

axel

physical testing services

vperelastico

General Mechanical Thermal cherl

Deletel

~ Hyperelastic
Input sourc
strain enert

lUse Subopt

If test data
is unknown,
which poter

After the te:
been create

M T

— Uniaxial Test Data

- Data

~ [

Click mouse button 3 for table options.

Mominal
Stress

a

| Nominal |

Cut

Copy
Paste

material.

Ok |

Add Fow Befare
Add Fow After

Celete Bows

|

iuboptions

183

anceﬂ

# Fead from File...

Clear Table

Create =% 0

ata...
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»¢ Edit Material

Mame: Pubber

Finished reading in the ~Material Options
experimental data
We are back in the SR e E
. . . — Uniaxial Test Data
Suboptions Editor but it General | Data Delete
— Click mouse hutton 3 for tahle options.
may be rather small. Hyporaiasty =
[nput soure o in options

Grab an edge or corner o L = popton: |
of the box and expand it Use Subop ||| —222 .02
until you can see all the ftestdata ||| 2 || 0-23 0.2

. . is unknowr ) 0.33 O.34
Uniaxial test data which pote 6 0.41 0.57
values. There should be Aferthete ||| 1|t — .
14 data pairs, with material. 2o —
maximum stress of 1.95 1) t.0d 2:50
MPa and maximum 13| 1.59 3. 77

. 14 1.95 4,37

strain value of 4.37
(437% strain). oK | Cancel|

(0] 8 |

Canceq
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Done with Test Data input

We are now back at the
Edit Material dialog. If we
wanted to bring in more
test data, we repeat this
process, selecting Biaxial
Test Data, Planar Test
Data, or Volumetric Test
Data from the Suboptions
pull-down menu. We are
finished with test data
Input, so click OK in the
Edit Material dialog.

axel
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Mame: RPubber
~ Material Options

Hyperelastic

Uniaxial Test Data

General Mechanical Thermal gtherl

Deletel

~ Hyperelastic

Input source: “™ Testdata -~ Coeficients Suboptions I

Strain energy potential: Unknown = | Uniaxdal Test Data
Biaxial Test Data

I

lUse Suboptions to enter test data,

zPlanar Test Data

If test data are available, but the strain energy potenti v metric Test Data

is unknown, a material may be evaluated to help decic

which potential is best.

After the test data have been entered and the maferial has
been created, select "Material-=Evaluate” to evaluate a
material.

Ok |

Cancell

=

=.

Axel Products, Inc. www.axelproducts.com 734-994-8308



ABAQUS = pg;ck to the Material Manager cxel

iii?iiii?? . |
g%g%gﬁi This puts us back to the Material Manager. ervsicattesting services
§ialsd Having read in the Uniaxial data we are

ready to select the Evaluate function.

><ABAIJUS!CAE Yersion 6.1 - Model Database: D:\Courses\Elazstomer\Demo_T ension‘tension.cae =] E=

File Model Canvas “iew Material Section Profle 3Skin Assign Feature Tools
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Viewport: 1
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Create...
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Edit...

Copy...

Rename...

Delete...
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valuate...

Dismiss
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Application restarted after 131 minutes of 1dle time; the license will ke checked within
the next 3 minutes.
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MName: Rubber
Type:  Hyperelastic

The Evaluate option is useful in

the following scenarios:

_ _ Test Setup | Strain Energy Potentials
Comparing test data with the

behavior predicted by a particular
strain energy potential.

~Available Input Data

Source: 7 Testdata -« Coeficients

Evaluating multiple strain energy I Uniaxial
potentials.
- Standard Tests
Viewing behavior predicted by it NoriRalEia
coefficients for a particular strain
energy potential. [ Uniaxial 0.5
The default settings for Test [ Biaxial 0.5

Setup are shown below:
| Planar (Pure shear) 1.5

_| Simple shear

_I Wolumetric

Ok, | Cancel
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The defaults for Strain
Energy Potentials are
shown here. There are
flve major categories.
For Polynomial, Ogden,
and Reduced Polynomial
you must select the
number of terms, N, in
the energy function. You
may choose one or more
models to evaluate. In
general selecting more
than 1,2 or 3 models
makes viewing the
results difficult.
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¥¢ Evaluate Material

Mame: Rubber
Type:  Hyperelastic

Test Setup] Strain Energy F’ntentials]

~3train Energy Potentials
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¥ [ Polynomial
I N =1 (hMooney-Rivlin)
M N=2
¥ [ OQgden
AN=1
AN=2Z
" M=3
AN=4
AMN=5
AMN=8
» _| Reduced Polynomial
_| Arruda-Boyce
_I van Der Waals

Ok |

Cancel




ABAQUS Default Results Plotting of Evaluate Material
44dadaRe9 The default results plotting uses 3 new viewports oxel

physical resﬂng services
gggggzi to display XY plots of stress-strain for Uniaxial
R response, Equibiaxial response and Planar

Tension response. You may want to maximize
each window in turn to better view the viewports.

File Mdodel Canvas Wiew fhdaferial Section Profile Skin  Assign Feature Tools Help |
DEEE | $¢Q0RBIUE BA TS @ | W
hiodule: I Property %] Model: | todel-1 Y| Part| ¥

OLYNOMIAL N1

YIOMTAL 1

H BiE BREE E HE &

2
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Physical Testing Services for Engineering
and Analysis

Axal Products, Inc.
2255 5 Industrial
Ann Arbor Ml 43104
LISA,

P:+1-7234-004-2302
F:+1-734-994-2209

Directions and kap

Ahout Axel

e-rmail us

Training

ABAQUS Testing and Analysis of
FEEE§E%ITL Elastomers with ABAQUS

ﬁmfﬂcmher 3-5, 2000,

Technical Information

1. "Campression or Biaxial Extension?" (PDF:
204 KB S 32 pages).

2. "Measuring the Dynarmic Properties of
Elastormers for Analysis" (POF: 834 KB ¢ 7 pages)

3. "Testing Elastomers for Hyperelastic

hlaterial Models in Finite Element Analysis"
[(FOF: 775 KB} 8 pages).

maorea...

Testing Services

Hyperelastic Properties of Elastomers

Experiments: Dafa for:
Simple Tension Cgden

Fure Shear Mooney-Rivlin
Equal Biaxial Arruda-Boyee
Compression & “olumetric Damage Models

WVizcoelastic Decay

Elastic-Plastic Properties of Plastics

Experiments:
Modulus
Foisson's Ratio
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