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= COMSOL External Material
Functionality

= Example Problem: modeling of
PEEK
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COMSOL Solid Mechanics Materials

» Elastoplastic Material

= Fatigue

= General Stress-Strain Relation
= Geomechanics Material

= Hyperelastic Material

= [Inear Elastic Material represent polymer
= Linear Viscoelastic Material benavior

= Nonlinear Elastic Material

= Poroelastic Material

= External Material Functionality

Commonly used to
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External Material Model with COMSOL

EXPORT int LN
eval (doukble *time0, // Time at previous step, sca! Home  Share  View
double *timel, // Time at current step, =cal: P - - -
i -.\(-) - 4 | . » ThisPC » Local Disk (C:) » Program Files » COMSOL » COMSC
doukble *templ, // Temperature at previous st -
double *templ, // Temperature at current stej ¢ Favorites Name
doukle *FO, // Deformation gradient at pr: L_| com.comsel.ratordynamics_1.0.0,jar
doukble *F1, {// Deformation gradient at cu: 1% This PC || com.comsel.security_1.0.0jar
double *PE2 stress, /{ Becond Piola-Eirchoff stre: L| com.comsol.semicond_1.0.0jar
double *Jac, // Jacobian d(PE2 stress[i],F: € Network L com.comsel.service 1.0.0jar
. - . . icebridge_1.0.0,
double *elastEner, /f Elastic energy, scalar, st L com-comelsenvicebnage. LARer
. || com.comscl.sme_1.0.0jar
double *plastEner, /f Plastic energy, scalar, st ; )
. . | com.comsel.solid_1.0.0.jar
int *nProps, /f Number or material model p: i
. ] || com.comscl.sohver_1.0.0,jar
double *props, /f Material model properties, [} com.comsol.ssf_1.0.0jar
int *nStates, // number of states, scalar, [ com.comsolswtext_1.0.04ar
doukle *ztates) /{ BStates, nStates vector [ ] com.comsol.systemutils_1.0.0,jar
-11{ || com.comscltestcore_1.0.0,jar
int res = 0; || com.comsol.testextmat_1.0.0.jar
CCMSCL PCLYUMCD (time0, timel, templ, templ, FO, F1, || com.comsol.transport_1.0.0,jar
PE2Z stress, Jac, elastEner, plastEner, nProps, || com.comsel.util_1.0.0,jar

props, nStates, states, &res); L| com.comselwebbridge 1.0.0jar

return res; || com.comsolwidget.swtswt_1.0.0,jar

PR R P T

1 230 items  1item selected 613 KB

. Write code for user-material model e Ty e
. Compile code to shared-library format

. Copy jar-file to COMSOL plugins directory

. Define the material parameters in COMSOL
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PolyUMod Library

= Commercially available library available from Veryst
Engineering

= More than 15 different highly accurate non-linear
viscoplastic material models, e.qg.:
= Bergstrom-Boyce (BB) Model G

= Suitable for rubbers and elastomer-like materials
= Captures: strain rate effects, hysteresis

= Three Network (TN) Model

= Suitable for isotropic thermoplastics m
= Captures: strain rate effects, viscoplastic flow and recovery & Hods
= Parallel Network (TN) Model

= Suitable for highly non-linear and/or anisotropic materials %
= Captures: strain rate effects, viscoplastic flow and recovery

BB-Model

PNM
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Polyether Ether Ketone (PEEK)

= Good mechanical properties
(E =4 GPa, g, =100 MPa)

= Good wear resistance
= |nert, generally biocompatible

= Orthopedic applications:
= Spinal implants/spacers
= Fixation (screws, plates, etc.)
= Biomedical textiles (wovens,
braids)

= Sealing applications (HPHT)

10/6/2016



Veryst
Engineering

Experimental Test: Uniaxial Compression

Mcalibration [l
50 ; : : ; N O T Wgaibrationd
— Compression (-1000/s, 20C) (experimental) Compressign (fAR004/s, 20C, €11) (exper'ﬁ‘ta')
— Compression (-0.1/s, 20C, C03) (experimental)
— Compression (-0.004/s, 20C, C11) (experimental) :
0F— CompressionA-0.001/s, 20C, CO8})(experimental) 25 _J
2 : i 2

-100

= -75|

-150

-100

Engineering Stress [MPa]

Engineering Stress [MPa]

-200 -125
_25[}-f ......................... .f ............................ . ............................ \ ......................... - _150 \J
30 : ; ; : :
'%'6 0.5 0.4 0.3 0.2 0.1 0 175 100 200 300 400 500 600 700
Time [s]

Engineering Strain

Uniaxial Compression
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Experimental Test: Uniaxial Tension

Mcalibration [l
125 ;

Viscoplastic
ook N\ ............................ ............................ .......................... | response with slight
I NG softening after yield

75k ____________________________ ____________________________ __________________________ |

5 () | P — ____________________________ ____________________________ __________________________ ]

Engineering Stress [MPa]

25 .......................... \f. ............................ fovsnascaasanoacanooanoaasso fioasca0scanasoanaaaoacaasco -
d — Tension (0.1/s, 20C, TO3) (experimental)
i — Tension (0.001/s, 20C, TO1) (experimental)

0 0.1 0.2 0.3 0.4 0.5 0.6 Uniaxial Tension

Engineering Strain
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Three Network (TN) Model
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The material model contains 3
network components = ‘
Three Network Modef (TNM) Large strain response |

Initial viscoplastic response :
captured using two separate -~ =

energy activation

mechanisms corresponding _—

to amorphous and

semicrystafline domains

T T T T 12 T T T T T L T T T T T Y T Y

i | I I s | I i i 1 N L 1 i Il I | I L

controfled by entropic

Crosslinked, 110°C

02

0.4 08 08 1 1.2
True Strain

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

* The stress in each network is defined by
A B C the Arruda-Boyce Eight Chain model.

5= Ha L£7(2¢/4,)
Jeae £L71(1/2)

 The shear modulus in Network 2 evolves
with the plastic strain:

b= —Blm — uely
* The flow in each network is defined by a
reptation inspired equation:

. . T m
V="o (f + aR(p))

dev[b®] + k(J¢ — 1)1

-~
S

e
2
13
s
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TN Model Parameters

Index Symbol Parameter Unit*¥ Description = The TN model
Name
1 LA muA S Shear modulus of network A needs up to 17
2 f thetaHat T Temperature factor parameters that
3 AL lambdaL - Locking stretch need to be
4 K kappa S Bulk modulus .
5] Ta tauHatA S Flow resistance of network A determined from
6 a a - Pressure dependence of flow experimental data
7 ma mA - Stress exponential of network A
8 n n - Temperature exponential
9 HEi muBi S Initial shear modulus of network B
10 [LBf muBf S Final shear modulus of network B
11 I beta - Evolution rate of up
12 B tauHatB S Flow resistance of network B
13 mpg mB - Stress exponential of network B
14 e muC S Shear modulus of network C
15 q q - Relative contribution of Is of network C
16 a alpha T—!  Thermal expansion coefficient
17 &y thetal T Thermal expansion reference temperature
*where: - = dimensionless, S = stress, T = temperature, f = frequency
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Material Model Calibrations

File Edit Load Cases Material Model Simulation Graph View Help

B w = d ~ -+ @ (@] Es B

Quit OpenMCalFile SaveMCalFile ImportMaterial Model ~RunOnce  Run Calibration Pause Calibration  Stop Calbraton  ParametricStudy — ExportModel Save Predictions  Preferences = Create Report

Experimental Tests / Load Cases Graph Window

=] s Fit Load Case Name o 150 T T
2 - L] Compression (-0.1/5, 20C, C03) — Compression (-1000/, 20C) (experimental) MCalibration Y4
- - —— Compression (-0.1/s, 20C, C03) {experimental)
3 - L] Compression (-0.1/s, 20C, C04) — Compression (-0.004/s, 20C, Cll;Eexpemmental .
A —— Compression (-0.001/s, 20C, €08} (experimental
ol - L] Compression (-0.1/3, 20C, C05) 100 ——Terisian (0.17&; 20C; TO3] (Experifiantaly
T — Tension (0.001/s, 20C, T01) (experimental)
5 | - [L] Compression (-0.1/5, 20C, C06) [
6 [ - [T Compression (-0.1/5, 20C, CO7) Q Q 50
7 = - (L] Compression (-0.004/5, 20C, C11) &
g O - [T] Compression (-0.001/s, 20C, C08) &
2 0
9 [ - [L] Compressien (-0.001/s, 20C, C09) “
E @
0 - [T Tension {0.1/s, 20C, T03) b &
- - . o -50
1 - L] Tension (0.001/5, 20C, T01) ]
=
12 - b4
FENI | - b -100 1
Plot: “
14 - JE| T [
15 [ - & i
-150
16 ] - [£] Compression (-0.005/s, 250C, C14) 3
Material Models 20
POLYUMOD-Three-Network -0.75 0.5 -0.25 0 0.25 0.5
True Strain
Name Value Lower Bound Upper Bound Optimize 2
1 muA 480059 0 2000 1 Results
2 thetaHat [ B Runtime Output | Comments | Optimization Progress | Calibrated Models.
3 Jambdal. 170788 15 10 3 L Version: 4.1.1 (Created: Apr 21 2016 08:25:35)
= Your MCalibration license expires in 264 days
4 kappa 179359 100 5000 4 Opening file: 'C:/Users/jbergstrom/Docurents/Webinar COMSOL Polymers 2016/PEEK Validavion/PEEK calibrate TIM v7b.meal'
Checking for latest wersion
5 tauHatA 339588 1 100 5 latest version: 4.0.1
current version: 4.1.1
6 . 024945 0 035 6 You are using a BETA version of MCalibration.
7 mA 49.7086 11 50 7
8 n 0 0 B
9 muBi 7523 1 2000 9
10 muBf 22061 1 2000 10
| Opt Method: Automatic Best NMAD Fitness (with Weight Factors): 0 [Run Time: 00:00:00 | Function Evaluations: 0

The TN model was calibrated using the MCalibration® software
from Veryst Engineering.
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MCalibration Example - 1
File Edit Load Cases MaterialMedel Simulation Graph  View Help
. h . - I o _
Start the @ @ B & =+ * @ © @2 = B |B»
Quit OpenMCal-Fle SaveMCalFile ImportMaterialModel ~RUNONce  Run Calbration  pause Calibration Stop Calibration |~ Parametric Study | ExportModel Save Predictions | Preferences | Create Report
Software and Experimental Tests /Load Cases Graph Window
s Fit Load Case Name 1 presm———” 7
d in the
. t | 8|
dat £
ala s
Z
”
a
o
g
&8
o
2 4
Material Models
2l {No Materia Model Selected) o 2 4 8 8 0
5 True Strain
Xo
— Results
@
Runtime Output | Comments | Optimization Progress | Caliorated Models |

[opt Method: Automatic [Best NMAD Fitness {with Weight Factors): 0 [Run Time: 00:00:00 Function Evaluations: 0
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MCalibration Example — 2

,ﬂ, Load Case Setup |u|

Load Case Type: [E)q)erimental Data (time,o,£) hd ] Load Case Mame: Tension (0. 1fs, 20C, T03) . T h e e X p e r I m e n tal

Experimental Data | Loading Mode I Time Stepping I Flot Styles I Fitness Weights I Miscellaneous |

——— data is loaded

- i
[Load Experimental File...] [ Export Data ] Revert to Original Data| |Remove Original Data (experimental data)

({Input file name: Tension_0_1_s_20C_T03.txt'. Rows of data: 293) u S I n g a L O ad

Contral: [Shain Control - ] 0.6
Strain Type: [Engineering strain - C d . I
Stress Type: [Engineering Stress. = ] P aS e I a O g
0.5
Temperature (Kelvin): 293
/| | = This figure shows
[ The sample was conditioned 0.4
Mumber of Load-Unload Cydes: 1 .% a te n S i O n I Oad
Max Engineering Strain: 0.50000 ﬁ
Magnitude of Engineering Strain Rate: |0, 100000 = 0.3 #

Final Hold Time (s): 60.0000 : / C aS e
0.2]

/’ = Repeat this step
// for all

s

— experiments

Time

X-Axis: [Tlme '] f-Axis: [Shain ']

[ Save ] [ Cancel

10/6/2016



MCalibration Example — 3

®
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£ Select A Material Model

Material Models

Model Name

4 PolyUMed Models
POLYUMOD-Linear-Elastic
POLYUMOD-Neo-Hookean
POLYUMOQD-Eight-Chain
POLYUMOD-Bergstrom-Boyce
POLYUMOQD-Bergstrom-Beyce-Mullins
POLYUMOD-Anisotropic-Bergstrom-Boyce-
POLYUMQD-Hybrid
POLYUMOQD-M8
POLYUMOQD-Arruda-Boyce
POLYUMQD-Dual-Metwork-Flueropelymer
POLYUMOD-Three-Network
POLYUMOD-Anisotropic-Eight-Chain-Bergs
POLYUMQD-Micro-Foam
POLYUMQD-Parallel-Network
POLYUMOQD-Three-Metwork-Foam
POLYUMOD-Dynamic-Bergstrom-Boyce
POLYUMOQD-Silberstein-Boyce-1
POLYUMOQD-Silberstein-Boyce-2
POLYUMOD-Flow-Evolution-Networks

& Abaqus Models

& ANSYS Models

4 COMSOL Models
COMSOL-Arruda-Boyce-Compressible
COMSOL-Arruda-Boyce-Almostincompressi

COMSOL-Blatz-Ko

COMSOL-Gau
COMSOL-GENT-Compressible
COMSOL-Gent-Almostincompressible
COMSOL-Mooney-Riviin-2
COMSOL-Mooney-Riviin-5
COMSOL-NH-Compressible
COMSOL-NH-Almostincompressible
COMSOL-Ogden-Compressible
COMSOL-0Ogden-Almostincompressible
COMSOL-Sterakers

COMSOL-Varga
COMSOL-Venant-Kirchhoff-Compressible

] I ’ r

m

*M=MCalibration, P=PolylUMod, AB=Abaqus, AN=ANSYS,
LS=L5-DYNA, CO=COMSOL, MA=MSC.Marc

Description | PolyUMod Variables | Material Info and Properties

PolyUMod: Three Network Model

The Three Network (TN) model is a material model specifically developed for thermoplastic materials. It has many
features that are similar to the Hybrid model, but is designed to be more accurate and numerically efficient. The

TN model is also a specialization of the more general Parallel Network Model.

The model uses the following material parameters:

m

muA Shear modulus of Network A

thetaHat Temperature factor for the stiffness
lambdaL Lock stretch

kappa Bulk modulus

tauHatA Flow resistance of Network A

a Pressure dependence of flow

mA Stress exponential of Network A

n Temperature exponential for flow resistance
muBi Initial shear modulus of Network B

muBf Final shear modulus of Network B

beta Normalized evolution rate of muB

tauHatB Flow resistance of Network B

mB Stress exponential of Network B

muc Shear modulus of Network C

q Relative contribution of 12 of Network C
alpha Thermal expansion coefficient

thetad Thermal expansion reference temperature

Notes about the material parameters:

® The material model can be made temperature independent by setting thetaHat=0 and n=0.

» There is no need to search for lambdal unless some of the experimental data includes large strains.

» Set a=0 if only uniaxial tension or uniaxial compression data is available.

= Then select a
material model
to calibrate

= |n this example
we will select
the TN model
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MCalibration Example — 4

File Edit Load Cases Material Model Simulation Graph View Help
G m ~~ = (@) (%) 53 B

. .
Ll = =
Qut  OpenMCal-Fle SaveMCalFie ImportMaterisl Model ~ RUnONce RunCalioration pause Caibration Stop Caibraton | ParametricStudy | ExportModel Save Predictions  Preferences | Create Report u en SII I l ( : I( :
Q‘ Experimental Tests /Load Cases Graph Window
UG

= s Fit Load Case Name 1 . I | [13 - . )
TR T ELE un Calibration
BT 2 - [ Compresiion (01/5, 20€, C03) neion [0./5 20C. TO3) (expermenta] M“’/
E 100} — Tension (00015, 35C, Toi)
30 - [T Compression (-0.1/s, 20C, C04) D .
4 - (L] Compression (-0.1/5, 20C, C05) to al lto I I I atl ‘ al Iy
5 - L] Compression (-01/5, 20, C06) &) &
- i
6 - L] Compression (-0.1/5, 20, C07) & .
20 - [T e acc , aaju St the
LN - L1 Compression (-0.001/5, 20C, CO8) g i
@ i
9 - [L] Compression (-0.001/5, 20C, C03) 3 -
EE
10 - L1 Tension (01/s, 20C, T03) { I I l a e rl a
1n O - L] Tension (0.001/s, 20C, T01)
Plot: -1
i I I l
; .
CEEEITES == \\%\/ best I I l atC h th e
& POLYUMOD-Three-Network A s 0.5 .25 0.25 0.5
True Strain
I~ Name Value Lower Bound Upper Bound Optimize - -
EON . : m - experimental data
- T 0 A Runtime Output | Comments | Optimization Progress | _Calibrated Models
3 lambdal 170788 15 10 3 L Opening file: 'C:/Users/jbergstrom/Documents/Webinar COMSOL_FPolymers_2016/PEEK Validation/
E PEEK calibrate_THM v7b.meal'
K 179350 100 5000
T B ——— = The stress
5 tauHata 339588 1 100
6 a 024045 0 0.25 = .
- B RSN calculations are
E n 0 0
9 muBi 1753 1 2000 . .
B , performed within

[Gpt Method: Automatic Best NMAD Fitness (with Weight Factors): 0 [Run Time: 00:00:00 Function Evaluations: 0

MCalibration

10/6/2016




MCalibration Example — 5

Engineering

150 Material Medel: POLYUMC}P TN

L]

. . Mcali .
== Compression (-1000/s, 20C) (experimental) Ca ibmtlonm
= = Compression (-1000/s, 20C) (prediction) o ik enifmrat? “TNM.mcal
= Compression (-0.004/s, 20C, C11) (experimental)
= = Compression (-0.004/s, 20C, C11) (prediction) /

| = Compression (-0.001/s, 20C, CO8) (experimental)
100 == Compression (-0.001/s, 20C, C08) (prediction)
== Tensicn (0.1/s, 20C, TO3) (experimental)
= = Tension (0.1/s, 20C, T03) (prediction)
== Tension (0.001/s, 20C, T01) (experimental)
= = Tension (0.001/s, 20C, TO1) (prediction)
50
— ¥+
£ /
= /’
(7]
(1]
job)
]
wn
o))
$ 50 ;
- !
[
!
-100
-150
NMAD Fitness = 13.3
-20
-8.75 -0.5 -0.25 0 0.25
True Strain

0.5

= 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

e _ _ = Export the material model
i to COMSOL format

) Abaqus inp-file

Use the following units when exporting the

() Abaqus CAE script material parameters.

() ANSYS (APDL dat-format)

oA B [mg | material_TN_COMSOLtxt - Notepad [=/3] = ]
E L= [T [Frer——— Help

() M5C.Marc (dat-file) Unit for time: s |-- MCalibration defined material model -- A

= ’ units: [length]=meter

() PolyUMod External File T A et E Units: [force]=Newton

units: [time]=seconds
units: [temperature]=kKelvin

Hide Units <<< Saye (Material Model: POLYUMOD-Three-Network
Calibration file name: material_TN.mcal
Mass density: 1000

nstatev: 23

{11, 0, 0, 0, 0, 1, 0, O, O, O, 33, 23, 1000000, 500000000, O, O,
192150000, 0O, 5.11, 2000000000, 7256000, 0.000122, 9.729, 0, 131929000,
48259000, 11.122, 25399000, 9.729, B346600, 0, 0O, 293}

10/6/2016




®

' Veryst

Engineering

MCalibration Example - 7

Model Builder ~ & Settings :
- ® v ETEL= External Material . Th e Cal I b rated
4 < SrnallPunch_THM_w03.rmph (reot) | Label:  External Material 1 materlal mOdeI Can

4 () 5lobal Definitions
4 '-i=' hdaterials

4 s External Material 1 fextmat?) Librang: Ci\Prograrn Files\PolyUMod\PalyUbod_COMSOL_5.2\pokyurn | Browse.., |

a2k Basic (def) Interface type, | Lagrangian interface to PolyUhdod '|

=za Lagrangian interface to PolylMc

*  External Material Model

then be entered into
COMSOL Version
5.2 (and later) using
the interface for

Mumnber of states: 23

A OTTIp O ENT T 1o 1
— —_— State name: 535
4 = Definitions o =
Pa— . Required input quantities
& w Piecewise 1 fpw)

" . )

[¥] specimen_punch (p i) Quantity Unit Components Type .

[#] specimen_holderTop (p2) Time i input.t Scalar t I m t |

[#] specimen_halderBot (p3) B (e P TUre K input.T Matrix eX e rn a a e rl a
P - P B Deformation gradient 1 input.Fij; i=spatial ind... | Yector basis

models

A= Boundary Systern 1 (sys1)

) Wiew 1 Output quantities
)f-\_ Geormetry 1 "
. Quantity Unit Components Type Th - - f
Sgs Materials | | t
P Eél Salid Mechanics fsofi) Second Piaola-Kirchhoff stress Pa output,Sij; i j=material.., | Contravariant 2-tensar.., IS I n e r ace Can
DDI ) B anlc-s sot ) Elastic energy density Jim™3 | output W Scalar density
& Linear Elastic Material 1 Plastic energy density ™3 | outputdip Scalar density be used to l I lOdeI

= yrarmetey 1

& Free 1 Model states
o Initial Walues 1

advanced nonlinear

] . ” Cuantity Unit Init Components Type . = =
Hyperelastic Material 1 Second Piola-Kirchhoff stress Pa {0,000000000 | state.Sij; i,j=material.. | Contraw ~ VISCOplaStIC I I Iaterlal
& holderTop | Elastic energy density ™3 {0} state M Scalarde .
3 holderBot Plastic energy density Ima3 {0 state.\Mifp Scalar de ¥ d I g th
5 | E Mmoaeils usin e

= rnove_punch
£ Contact 1
= specirmen-fiz-right

PolyUMod® library

Material Properties

@ Citernal Stress-Strain Relation 1 ¥ Mlaterial Contents fro m Ve rySt
£ Mesh 1 " ) . .
4~ Study 1 Froperty Mame  ‘Walue Unit Property group E n I n ee rl n
' . [ | Density tha 10000 kg/m® | Basic
% Step 1: Time Dependent - —
[ | Material madel pararneters par 11,4, 0. Lagrangian interface to P..,

4 -'-.Sol\.-'erCDnﬁgurations

10/6/2016
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COMSOL External Material Functionality

Model Builder Settings 7
- =~ Ef i~ Property Group
4 @ SmallPunch_TNM_v03.mph froot) o Label: Lagrangian interface to Polylikod
4 (7)) Global Definitions
4 () Materials w Qutput Properties and Model Inputs
4 533 External Material 1 fextmat) Quantities
£ e todel Inputs

“an Lagrangian interface toPolyUhic
T T T Py —

4 = Definitions

7\ Piecewise 1 (pw ) The list of material

L] specimen_punch o) . .
D specimen_holderTop (p2) parameters is obtained
ol specimen_holderBot [p3) ] . .
= Boundary System 1 (s from MCalibration.
Yiewr 1
'f}\ Gearnetry 1
Sga Materials
4 = Solid Mechanics (sofid) Property Wariable Expression Unit Size
B Linear Elastic Material 1 Material model parameters | {1 i, 000010000 33,. ||
B fual Syrmmetny 1
5 Free 1
o nitial Values 1
@ Hyperelastic Material 1
= holderTop |
& holderBot
& move_punch
£ Contact 1

+
Output properties

#
) specimen-fix-right ]
@ Eternal Stress-Strain Relation 1 Expression:
A Mesh 1 {11,00,0,0,1,0,0,0 0 33, 23, 1000000, 500000000, 0, 0, 484055000, 0, 1,70788, 1793590000, 33958
Madel inputs

4 "0 Shudy 1

@ Step 1t Time Dependent Physical quantity Variable

10/6/2016




COMSOL External Material Functionality
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Model Builder

=t ls-=E

-

a & SmallPunch_THM_«03.mph (root)
4 () Global Definitions
4 () Materials
4 058 External Material 1 fextmat?)
sza Basic (def)
tz= Lagrangian interface to PalyUhc
4 i- Compaonent 1 fcomp )
4 = Definitions
A Piecewise 1 (pw)
L specimen_punch [p i)
(K] specimen_holderTap [p2)
%] specirmen_holderBot (p.3)
A= Boundary Systern 1 (sys1)
[ wiews 1
',“;-\ Geormetry 1
sza Materials
4 5= Solid Mechanics (solid)
2B Linear Elastic Material 1
B aial Syrnmetry 1
25 Free 1
2 Initial Values 1
B Hyperelastic Material 1

& holderTop
= holderBot
= rove_punch
£ Contact 1

e

@ External Stress-Strain Relation 1

v & Setfings

External Stress-Strain Relation

Label:  External Stress-Strain Relation 1

Domain Selection

Selection: | Manual
2 ;
Active f‘D bl
fl
I Owerride and Contribution
v Model Inputs +
Temperature:
T | User defined v|
203.15[K] K
w Coordinate System Selection
Coordinate systern:
Global coordinate systemn -
~ Material
External raterial:
External Material 1 {extrmat) -
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Multiaxial Validation Testing

Mcalibration [l

Small punch
testing

. [ as™

: / F2183)

T T
==Small Punch Data (experimental)

Force (N)

S

0 0.25 0.5 0.75 1 1.25
Displacement (mm)
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COMSOL: Small Punch Test

- = The COMSOL model is in
B excellent agreement with
I the experimental data
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COMSOL: Indentation
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COMSOL: Indentation
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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
iIntroduce 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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