Efficient evaluation of material cards for non-reinforced and

reinforced thermoplastics
A. Fertschej, P. Reithofer (4a engineering GmbH)
Th. Weninger, F. Cetin (Granta Design Ltd.)
N
= DASSAULT
LD SUSTEMES

SIMULIA COMMUNITY CONFERENCE 2015, BERLIN

4a engineering GmbH
Industriepark 1
/ A-8772 Traboch
4a Impetus reithofer@4a.co.at
© by 4a engineering GmbH - intelligent testing systems ++43 (0) 664 80106 601

Seite: 1/39
Autor: Peter Reithofer, Artur Fertschej

Datum: 150520
Titel: rep_15052001_pr_afer_gga_SCC2015handout.ppt



Content ACI

- ENGINEERING

» 4a engineering GmbH

» 4a impetus

» Material models for thermoplastics
» Material behavior of plastics

» Simple material models — complex material models
» Material models for composites
» Coupling to micro-mechanic
» *ABQ_PLY_FABRIC
» Summary

Seite: 2/39
Autor: Peter Reithofer, Artur Fertschej

150520
ep_15052001_pr_afer_gga_SCC2015handout.ppt



4a engineering GmbH
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= polymer and materials science

= numerical simulation methods

= fiber reinforced plastics and composites
= method and software development

= case studies product development:

FISCHER &

Alpine touring ski binding LH, — tank mounting
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. ENGINEERING

= efficient high-dynamic testing

= crash-behaviour of plastics

» material data for simulation

4a impetus - intelligent testing systems
1§ __powered by 4a engineering GmbH
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4a iImpetus
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How does it work
Material characterization / reverse engineering
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1 Further information:

\ I Deutsche SIMULIA Konferenz 2014 Dresden

\ Reverse Engineering // Dynamisches Materialverhalten von Kunststoffen und Composites
~ _ http:/impetus.4a.co.at
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How does it work

Test database

» Geometry

» Loading

» Boundary condition
» Orientation

» Measurement results
Force/Displacement
Stress/Strain

Model database
» Optimization/Validation
» Solver
LS Dyna, Abaqus, ...
» Material model
von Mises
general yield surface
strain rate dependence

» ldealization
Shell/Solid
Meshsize

Directly linked
to model build up

Evaluation
Filtering
Averaging

Automatic
LS-OPT input-deck

Directly linked to
solver run scripts

Material optimized
parameterized
models

Automatic mesh
generation
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How does it work | S

» The tests and simulations models are stored in a data base - easy access and user friendly

. 'j B Tes! | Tes! dstabase MWensuremenl | Repon Messurement curves | Viewer | alt) | vith | sll) | Fil) | Fie) | EQ) | sipieps) | epspnlieps)
} ) - BHE‘M' -
s Q‘} |P4‘ :‘:[ ] bl 4080
Test datn B General information - Externe Daten
tow & Test selup Exterme Daten e
E Copy & Test specimen //_/,_ — | .
Test plan B Evaluation L -1} - —
DE-Import Filter 0 i filtar
Testing B Evaluation of the velocity 3 - Disptacement (static gradient 3 L
et angle B Zero-point evaluation 0 - Manal {point in time) _ua
St B Identification of failure 1 - automatic E /
B Stress evaluation » E
Fepart N - o
- bending MNorm (elastic) ' S ) J
°1 Measurement corve B stifness evaluation O 16.32 f'{
Evalualion of the test fperc_io 0.1 ﬁ* J/!
Evaluate fperc_up 05 - I
Load Plata Test setup - L —
Unlead Plots . l —— ———
== 4a impetus - complete system
-
Paramster model
New 56.40 21120 254.00
o [=<T<] mew | Edit | sae ] d
G | Parameter moder | Model database f r O l I l t h e t eS t t O t h e
Opbmization Date_Nr_Hame
vem Fan] 21004 _011] [ Materal | Design w . .
= validated material card
| [ Material Bl
= T 77
. System of units t-mm-sec-MPa TEP_4884_2 Smos ¢
Solver L5 DYNA =
faimpetus Implemented
Den drectory Symmetry of moel Halfmodel of more complex e ,“ﬁ%‘
4 Hep type Shel Z
Fa Hbout Element size 2 H $
Y p——— w . W \
B Matertal behaviour - R vl —
[ Material source Implemented %
Material card 7011_MAT24_Plasticity Table Rats . i‘"“\
B Loadcases 815
Bl Casename 3PEST_49Bg_0mps_hwddmm i
Averaging
W ENGINEERING ™ rn 008 1262 18.18 2m
[T <] mew | €t | save [ concel | =] > |[Remark Displacement [mm]
e st oo i
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Simulation - Idealization

Material

» Can be used local or in network cluster B Idealization

System of units t-mm-sec-MPa

» Supports Abaqus, LS-Dyna, PAM-Crash nputdeck mpetus (1.2)
Symmetry of model NNet(LS-0OPT v4.1) (a)
eaizsion o
> Allows the idealization in shell or solid using the e M
most popular element types and an arbitrary element oungs Moduius of sipport T 21000
Density of support / fin 7800

size (of course it should be reasonable) _Tme sy 0

Selection of FE-solver

» Can consider symmetries — simplification down to 1-element

IRl =
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Tested materials

» We have already tested a wide range of

from:

o101 =10 — (G-} 4a Quartet card
» thermoplastics (ASA, ABS+PA; ABS+PC; ABS NBR . game “plastics”
PAG; PAG(6) GF30.50; PA66+P6; PBT || - i
GF30; PC; PE; PP; PP+ varnish; PP rubber ||! jﬁwhm LW
modified; PP GF20..40; PP Impact modified; || ||| | === 7
PP MX10; PP MX20: PP MX40; PP CF; ||| & wan wur. e o

PP+EPDM; MuCell-materials, ...)

a.: 150(16) kjy

\

ag: -(-) ki/m* //

> foams (EPP30..80; PURG 55, PURG 65) |/ 7 & /7~ | from:
coar LI |[1H [ermemers e
» rubbers (EPDM, SILIKON) ogews | game “composites
: _ aa aa
» thermoset materials (CFK, GFK with |/|=# ‘(’ :
epoxy resin) i y L "!a\_\_ \ J
> metals (aluminium, DCO4, high strength || = = noee (]| e e
Steels (Current tests)) a;: 14.6:10°1/K G,,: 3000 MPa a: 23.8-10°1/K ?: ::5:0MP3

wood (beech, multiplex, chipboards, MDF)

\& 14.6:10°1/K v

\& 23.8-10°1/K

%
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Introduction
GRANTA Mi

SUPPORT PLM. CAD. CAE MAKE DECISIONS

VISUALIZE & ANALYZE
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. L MATERIALS .

DATA | DATA | DATA DATABASE DaTA I

EXTERNAL MATERIALS

PROPRIETARY
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ceramics, substances, coatings... DATA ;f\:ﬂl';?lofsse:;;;:egA design.

BROWSE. SEARCH & REPORT
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GIRIANTIH

MATER M TELLIGENMINT CE
www.grantade5|gn.com

Gateways for material import to CAE

F==

ANSYS Workbench
New! HyperMesh

Abaqus/CAE

CES Selector - Overview

Prediction &
estimationtools

In-house &

research data \ I

Lightweight Alloys

Accesstodata : ; Spacific Suffness
Systematic Selection : 3
Search, selection & comparison
Methodology tacls
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Introduction — Design Phase — e S

GRRMANTMA

MATERIAL INTELLIGENGCE

Integration into Engineering Workflows

Typical design &
development workflow

: (GBS selector 3
O

X
Eco Audit
. Tool
Material . /
Preliminary design concept | cap — Salae o : .
Hybrid
| Synthesizer

CAD, CAE
Optimisation packages

Detailed design

1) Identify ‘best’'material options priorto
committing to design or material development

2) Supplements existingdesigntools

Increasing:

Time LcA 3) Reduces design & prototyping cycles

Effort 4) Reduceriskof issues arising during pre-
Cost production and in-service
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Introduction — Design Phase B EnoINEsRING

1. Check your design

» Design requirements

» Preliminary design - first principal simulations

2. Get as much information as you can
» Material supplier / literature / in-house material information

» Get feeling for the material
(other supplier — deviation of properties)

» Material database
(Campus, IDES, GRANTA MI, CES SELECTOR)

» Influence on mechanical behavior (glass transient temperature)

» Medium resistance (oil, chemical, ...)
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Plastics - Material behavior

Introduction — CES SELECTOR MATERIAL UNIVERSE

&/ CES Selector 2015 - [N Universes\Pol : plastics,

\Plastics\

plastics\PA (Polyamide/Nylon]\PAB\Unfilled]

File Edit View Select Tools

=:| Browse E Search éi( Select ‘ -n-TooI; -

Window Feature Request Help

E [ 4 i
B Solver & Eco Audit é Synthesizer

Q Search Web ‘ 9 Help =

Z1C1

l ENGINEERING

C=Hre|

[-

| Browse

=]

Database: All Editions

Table: [MateriaIUniverse

-

Subset: [AII materials

7)

A Home PAS (molding and extrusion) * |

E= PA6 (molding and extrusion)

<O

Layout: [AII attributes

v] b showyHide

‘ e Find Similar

MaterialUniverse

> Ceramics and glasses

> Fibers and particulates

> [ Hybrids: composites, foams, honeycombs, natural materi;

> Metals and alloys

4 Polymers: plastics, elastomers

> (3 Elastomers
4 Plastics
4 Thermoplastics
4 ABS (Acrylonitrile Butadiene Styrene)

> Aluminum filled

> Carbon filled

> Glass filled

> Stainless steel filled

. @@ Unfilled
ABS+PA blends
ABS+PC blends
ABS+PVC blends
ANMA (Acrylonitrile methyl acrylate copolyme
ASA (Acrylic Styrene Acrylonitrile)
ASA+PC blends
ASA+PVC blends
CA (Cellulose Acetate)
CAB (Cellulose Acetate Butyrate)
CAP (Cellulose Acetate Propionate)
CHM (Cellulose nitrate/Celluloid)
COC (Cyclic Olefin Copolymer)
COP (Cyclo Olefin Polyrmer)
EC (Ethyl Cellulose)
> ECTFE (Ethylene Chlorotriflucroethylene)
> EMA, EEA, EBA (Ethylene acrylate copolymers)
ETFE (Ethylene Tetrafluoroethylene)
EVA (Ethylene Vinyl acetate)
EVOH (Ethylene Vinyl Alcohol)
FEP (Flucrinated Ethylene Propylene)

LA

4 m | 3

TN T P

L P

-

m

Mechanical properties
Young's modulus

Yield strength (elastic limit)
Tensile strength

Elongation

Elongation at yield
Compressive modulus
Compressive strength

Flexural modulus

Flexural strength (modulus of rupture)
Shear modulus

Shear strength

Bulk modulus

Poisson’s ratio

Shape factor

Hardness - Vickers

Hardness - Rockwell M
Hardness - Rockwell R
Hardness - Shore D

Fatigue strength at 107 cycles
Mechanical loss coefficient (tan delta)

Impact & fracture properties
Fracture toughness

Ductility index

Impact strength, notched 23 °C
Impact strength, notched -30 °C
Impact strength, unnotched 23 °C
Impact strength, unnotched -30 °C

Thermal properties

Melting point

Glass temperature

Heat deflection temperature 0.45MPa
Heat deflection temperature 1.8MPa
Maximum service temperature
Minimum service temperature
Thermal conductivity

3.97
455
3.62
590
590

210

175

0.233

1.18

342
4.85
88.3
7.87
600
600

GPa

MPa
MPa
% strain
% strain
GPa
MPa
GPa
MPa
GPa
MPa
GPa

HV

Locate in Browse Tree

Copy
Print...

Set as Reference

Add to Comparison Table

Add to Favorites

Remove from Favorites

Search Web
Export To...

] Abaqus &

MPa

MPa.m"0.5

kJim*2
kJim*2
kJim*2
kJ/im*2

ANSYS MAPDL v15 (ANSYS Classic)
ANSYS Workbench v12

MatML

Pro/EMGINEER Wildfire 4.0 and 5.0
SolidWorks 2011

MastranMX}

GRMANTMH

MATERIAL INTELLIGENTCE

N

ut
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Introduction — CES SELECTOR CAMPUS

&/ CES Selector 2015 - [CAMPUS and M-Base Plastics:\DuFont Engineering Polymers\Zytel @]
File Edit View Select Tools Window Feature Request Help File Edit View Select Tools Window Feature Request Help

@ Browse ;)j Search i){ Select ‘ nTooIs - IEE Solver & Eco Audit ﬁ Synthesizer ﬂ Search Web ‘ 9 Help ~ é Browse )‘Si Search i,( Select ‘ n Tools = Salver ® Eco Audit ﬂ Synthesizer
h Home Zytel® 7301 NCO10 dry | PAG X| h Home Zytel® 7301 NCO10 conditioned | PAS X|
E= Zytel® 7301 NC010 dry | PA6 E& Zytel® 7301 NCO10 conditioned | PA6

o @ @ Find Similar o @

- A o &/ CES Selector 2015 - [CAMPUS and M-Base Plastics:\DuPont Engineering Polymers\Zytel®] - e g

ﬂ Search Web ‘ 9 Help «

=] X showHide

@ Find Similar ~

Layout: ’AII grades

=] o4 showsHide

Layout: ’AII grades

DuPont Engineering Polymers > Zytel® >

Composition
Palymer class

Characteristics

Processing and Physical properties

Thermoplastics

DuPont Engineering Polymers » Zytel® »

Composition
Palymer class

Characteristics

Mechanical properties

General General

Manufacturer DuPont Engineering Polymers Manufacturer DuPant Engineering Polymers
Gradename Zytel® 7301 NCO10 Gradename Zytel® 7301 NCO10

lssue date 21.05.2013 lssue date 21.05.2013

Material condition dry Material condition conditioned

Thermoplastics

Polymer code PAG Paolymer code PAB
Polymer type PAG Polymer type PAG
Filler type MNone Filler type None

Processing Coating, Film Extrusion, Injection Molding, Other Processing Coating, Film Extrusion, Injection Molding, Other
Extrusion, Profile Extrusion, Sheet Extrusion Extrusion, Profile Extrusion, Sheet Extrusion
Delivery form Pellets Delivery form Pellets

Density (CAMPUS |S0) 1.13e3 kg/m*3 Tensile Modulus (CAMPUS ISO) 1.5e3 MPa
Water absorption (CAMPUS 150) 9.5 % Charpy impact strength, +23°C (CAMPUS IS0) 600 kJ/m"2
Humidity absorption (CAMPUS IS0} 3 % Mo break v
Mechanical properties Electrical properties
Tensile Modulus (CAMPUS 1S0) 2.9e3 MPa Relative permittivity, 1MHz (CAMPUS I1S0) 7
Yield stress (CAMPUS 1S0) 80 MPa i o
Yield strain (CAMPUS ISO) 45 % Regional availability
Mominal strain at break (CAMPUS 1S0) 25 % Availability Europe, Near East/Africa
Charpy impact strength, +23°C (CAMPUS 1S0O) 600 kJim"2

No break v Processing notes
Charpy impact strength, -30°C (CAMPUS 1S0) 600 kedimt2 Profile extrusion

Mo break . “ PREFPROCESSING Drying recommended = Yes, if moisture content of resin exceeds recommended level Drying
Charpy notched impact strength, +23°C (CAMPUS ISO) 6 kl/m"2 temperature = 80°C Drying time, dehumidified dryer = 2-4 h Processing moisture content = <0.2 % PROCESSING

i Melt temperature optimum = 270°C Melt temperature range = 260-280°C
Thermal properties T
Melting temperature, 10°C/min (CAMPUS 150) 221 °C Further inf ti GR HN H
Temp.of defection under oad, 0.45 MPa (CAWPUS 150) 160 c Dectnimer MATERIAL INTELLIGENGE
Ready Ready
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Workflow — material card generation / validation

GRRMANTMA

MATERIAL INTELLIGENGCE

Integration into Engineering Workflows

Typical design &
development workflow

g - Hgnquaiedsource

STATIC ‘
A v
. . . [ A
Preliminary design concept | cap Durability —
- < CORPORATE
MATERIALS
. . CAD, CAE NVH -
Detailed design Optimisation packages | y DATABASE
a
l Non-Linear -
Prototype & testing Validation ; <
CREEP 4=
Increasing: > <
. . - r 1
Time Final design LCA ,

Effort | CRASH 4aimpetus
Cost
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Introduction — typical influences B EnGINEERING

» Mechanical behavior could depend on

» temperature

» strain rate (loading velocity) rankin g

» moisture content — throu g h

» anisotropy (fiber reinforced) application
» loading (tension, compression, shear, bending) __|

» Engineer’s choice between
» Simple robust material model

» Complex expensive (costs + cpu) material model

—

— Application driven different

- Simulation task driven _J requirements
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Plastics - Material behavior ‘ICI

Workflow — material card generation B ENGINEERING

2. Get as much information as you can

- e.g. could be done with CES Selector, Granta M|, Campus, ...
» To prepare specimens (moisture, temperature, chemical resistance, ...)
» To define test setup based on application and material requirements

» To do pre-simulations for checking expected load conditions (acceleration,
velocity, forces) to define sensors, shown in the image below

Parameter model®  Model database Optmizaton | () | F(1v Fi(s) sigleps)  epspntieps) Postprocess® Matenal model
Date_Nr_Name =
brﬂ[ 504 | [ Materisi | Design variables 4535
B Model settings -
Dataset name MatenalUniverse PP _ o {/’_h-\ “X
Series GRANTA . ) T
Modeller pr / \
Valigation/Optimization Pre-simulation 2718 r—
@ Additional settings z T~
B Material Sy + S‘P T * 6 l g
8 ldealization o p “ ez
System of u t-mm-sec-MP, /
Solver ABAQU
putd mplem d 9.04
- /
-0.04
-0.00 384 768
[ <<]<| New | Eot | Save | cancei | > | >» | [Remark Displacement [mm]

Active database: D\da_impetus_Schulung'\13092401_WORKSHOPDYNAFORUM\13032301_HOSTACOM \main_v3 mdb
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Plastics - Material behavior ZICI

Workflow — material card generation B EnoiNEERING
3. Testing with 4a impetus (CRASH)

» static bending and tension (standard universal testing machine)
» dynamic bending and clamped bending (4a impetus)

» dynamic puncture test, T-Specimen (4a impetus)

> ...

A
bt
,:)'n.
i
i
e
i

tension,  3%point-bending ——point—bending clamped

)
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Workflow — material card generation

4. Check with existing material card (CES Selector)
Material Universe (PP impact, UV) Campus Hostacom XBR 169G

50.00 T T 50.00 T T
w40 mm /1 mm/s ---lw 40 mm /1 mm/s

40.00 /:-—--—-._\ 40.00
30.00 .N\\,‘ 30.00 \
+,
S \
&
’0

Force [N]

|
/

—

20.00 7 | 20.00 f -‘“]h_
10.00 :’ - - 10.00 - -
-— |simulation -—— | simulation
... mean value curve of the tests ... mean yvalue curve of the tests
0'08.00 5.00 10.00 15.00 20.00 0'08.00 5.00 10.00 15.00 20.00

Displacement [mm] Displacement [mm]
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Workflow — material card generation B ENGINEERING

5. Reverse Engineering 4a impetus /FE Model of the test\
(*PLASTIC)

50.00

statschnell.res1
3.1_statschnell. req1(avg:2.9%/ max: 7%

40.00

30.00 /2

. ———
/ —

10.00 . -
}{ -— | simulation

Response Surface constructed

for each interpolated matching
oint /
¥

Force [N]

..~ mean value curve|of the tests

M
0-08 0o 500 10.00 15.00 20.00 Sy T SET E p].

Displacement [mm)]
parameterized
k material card j
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Workflow — material card generation
5. Reverse Engineering 4a impetus (*PLASTIC)

No tension/compression asymmetry | == -
---lw 50 mm /1 m/s
—> good conformity for bending —lw 40 mm /2.5 m/s
_ _ 40,00 ~—-lw30mm/4.0m/s |
—> poor conformity for tension -
-—  Simulation
Test
-_\
z — 10.00
£00.00 0.00 5.00 Displac‘;ﬂr.r?zm[mm] 15.00 20,00
mlf ---  Simulation
?-* Simueron

0.00 5.00 10.00 15.00 20,00
Displacement [mm]
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Workflow — material card generation

5. Reverse Engineering 4a impetus (*PLASTIC)
Dynamic loadcases

&0.00
4 m/s
e, 1m/s
_ 2o, 1 mm/s
¢~
o _— m.‘w’ 0.1 mm/s
! \N¢¢
\«.
=
8 =000 rerae
15.00 A illi
-I-  simulation
..} mean value curve of the tests
D-Dg.nn E.00 10.00 15.00 20.00
Displacement [mm]
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Plastics - Material behavior

Workflow — material card generation

Comparison classical approach vs. 4a impetus

Z1C]

. ENGINEERING

50 - |
== material card — 4a impetus
- ««<>+ material card — 4a adaption tension
o ® FAT — true stress from tensile test /
far 40 A compression test FAT/DKI
‘g m shear test DKI ’<>
S S-®°
o
— 30 -
4+ «°®
©c | A AN
g -
E 20 o® —
| E— .....
" O
8 O
— 10
»
M 1
'llll hﬂllll.ﬂlhu
0 i
0.0001 0.01 1 100 (1]

strain rate [s7]

Seite: 24 /39

Autor: Peter Reithofer, Artur Fertschej

Datum: 150520
Titel: rep_15052001_pr_afer_gga_SCC2015handout.ppt



Plastics - Material behavior
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4a impetus supported Abaqus material models

Supported Abaqus models for isotropic materials

> *PLASTIC von Mises

» *DRUCKER PRAGER Drucker Prager

> *USERMATERIAL, name=ABQ_MOLDED_PLASTIC [2] general yield surface

El Material behawviour E Material behaviour B Material behaviour
H| Material source Implemented [ Material source Implemented B Material source Implemented
Density -1020.83 Density -1020.83 Density -1020.83
Poisson's ratio 0.3 Poisson's ratio 0.3 Poisson's ratio 0.3
Failure strain 0 Failure strain 0 Failure strain o
Elasticity Linear elastic Elasticity Linear elastic Elasticity Linear elastic
B Flasticity vonMises B Flasticity Drucker-Prager = Flasticity general yield surface (3 curves)
Curve 1 4a Model A Curve 1 4a Model A Curve 1 4a Model A
Strain rate dependency  Table Curve 2 Kurve 1 skaliert Curve 2 Kurve 1 skaliert
Strain range upto 0.25 Strain rate dependency  Table Kurve 1 skaliert
Sampling points 50 Strain range upto 0.25 Strain rate dependency | Table
Bias factor 10 Sampling points 50 Strain range upto 0.25
Bias factor 10 Sampling points 50
Bias factor 10

» All ABAQUS material cards are available using user defined interfaces!

» Same possibilities for the other solvers (e.g. LS-DYNA, Pam-Crash,...)
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Plastics - Material behavior ‘ICI

Workflow — material card generation B =noinEERING
Reverse Engineering 4a impetus (fABQ_MOLDED PLASTIC)

T T
—-lw50mm /1 mm/s 3 point bending
0.1mm/s
A 1m/s
W\ m 2.5m/s
\ \ 4m/s
Q %
= - =
é r >§ /-'
< o
/ E —3
— | simulation Yo, —| simulation
... mean value curvelof the tests 3! p --- mean value curye of the tests
normalized displacement normalized displacement
static behavior - yield dynamic b !wor — strain rate
--- clamped bending 4 m/s Clamped benging4 m/s
L /
8 e 3 S
5 e & A
2 < 3 & Rigt
N Lt N (&) .
g 4 < 0,,3’(\\0(\ 7 .t
g / 2 v e
N
/‘0 \/ ."0
* "' 0..'
Tt M —| simulation Lt —| simulation
/ * --- mean value curye of the tests e -+ mean value curye of the tests
Y hd vy o * *
normalized displacement normalized displacement

fit compression/tension behavior check compression/tension behavior
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Plastics - Material behavior

Workflow — material card generation

Validation 4a impetus (fFABQ_MOLDED PLASTIC)

Tensjle test static
: T-spgcimen2m/s
: — Clamped bending4 m/s

normalized force

--- mean Value test curves

» / .
b ot
. ’0
[» ‘0 . .
ot — simulation
o”’

normalized displacement

Static tension test
dynamic T-specimen
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. ﬁt\,j‘

.
o,

~_ Simulation

normalized displacement

Dynamic puncture test with the part
The test curves are matched very well




Plastics - Material behavior ‘ICI
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Workflow — material card generation

7. Delivery [ Storage

“Too expensive to throw it into the waste basket”

» Delivery to customer

» ASCII File
» Loss of information (measurement results)

» Store in Material Information Database

» Link between material card and tests = 4a impetus
» Workgroup solution - 4a impetus
» Company wide solution (security) = e.g. Granta Ml

» Further usage (4a impetus)

» other solvers
» mesh type / mesh size / solver settings
>

1to
atun
tel:

r: Peter Reithofer, Artur Fertschej
n: 150520
p_15052001_pr_afer_gga_SCC2015handout.ppt
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Composites

Influence of the orientation

- ENGINEERING

Short fiber reinforced thermoplastic [3] Composite — organic sheet [4]
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Composites
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Material model for composites B =neINEERING
> *VUMAT ABQ_PLY_FABRIC: typical input [5]

*MATERIAL, NAME= ABQ PLY FABRIC

*

D}ENSITY Young‘s Modulus in 0° (tension), Young's

K Modulus in 90° (tension), Poisson's ratio v,
*USER MATERIAL, CONSTANTS=40 (tension), Shear Modulus,
k% T,ine 1: Young's Modulus in 0° (compression), Young's

Modulus in 90° (compression), Poisson’s ratio

_El_l_ r E1+ r 1_;11+ F Gll r El— F EI— r Fll_ V12 (CompreSSIOn),

% T,ine 2:

strength in 0° (tension), strength in 0°

IH r Il_ . ¢ s r Xg_ ;S <— (compression), strength in 90° (tension),
k% T,ine 3 strength in 90° (compression), shear strength
1+ 1— 2+ .
Gr, Gy, G, Gy, ap, dy <——| damage parameter
** T.ine 4:
= <— shear hardening data
C'TJ.I-U r C r p g
** T.ine 5:
1DelFlag, ﬂ?m , E,iix , E"m , ém <—— data for element erosion

*DEPVAR, DELETE=16
16
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Composites
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Adaption of material cards - influences of orientation

» The influence of the manufacturing process on the material behavior

(fiber orientation) |s included in the process chain.

_____________________

N (7 N

,’ / FE-Model of the test

Element orientation

Layup

:

1

|

1
| 1

i .
| / _ _ \ I almpetus
: param eterized material card <: ©by 4a engineering GmbH - intelligent testing systems

i 1
! basedon4a micromec | k /N
| ; (
| 1
! :
: | Abaqus CAE, Animator,
I : HETA, ...
: I
| 1
| 1
1
: DATABASE
I measurement, models
N\

:
\

ORIENTATION

e.g. 0°, 45°, 90°
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Composites dq
4a micromec: Calculating the elastic values B ENGINEERING
Input Output
A 3@ P i
*I‘

Components (E,o.))

Matrix Q 4a micromec > / % \

Reinforcements

Fillers
Data-Base Q 3D Composite Data )

elastic properties
Fibre and Particle Orientation —D

thermal expansion
Data-Base

< Material Data of ) *

D thermal conductivity

2D&3D graphics

Interphase to
MSC.Nastran 4 Windows

Virtual Material Design

( Fibre and Particle Shape

Data-Base ‘

» Usage for SFRT, LFRT, CFRP, GFRP, ....

» Stand-Alone-Solution available (3D thermo-elastic properties)

» User Material (orthotropic elastic visco-plastic including failure)
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Verification of measurements - Compression

1.20 -
\/ .

— 1.00 :
=
o s
c
g 0.80 . u -
7 . s
g [ ]
‘n 0.60 " 5 "
c |
g .
S 0407 = Granta CES - UD
é ¢ Granta CES - Gewebe
E. 0.20 11 = Biegung - UD
9 + Biegung - Gewebe .:4 !EE -

0.00 | | !

0 0.1 0.2 0.3 0.4 0.5 0.6 0.

composite / fiber strength [-]

Results with kindly permission of
MAGNA STEYR Fahrzeugtechnik AG & Co KG [6]
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Composites
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Verification of measurements - Compression
Orientation Multilayer Setup

E 75000 “q
Dynamic 4a impetus
/ B _wl:_;[mm: X 5. X

- .... test
z ; — simulation

: ::"'m.

— "_*"_l' Results with kindly permission of
MAGNA STEYR Fahrzeugtechnik AG & Co KG [6]
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» Abaqus offers a multitude of material models to describe the dynamic material

behavior of plastics and composites very well.

» With increasing complexity the accurateness of the characterization as well as the
effort to adapt the material models rises. Therefore it is essential to stay focused on

the significant influences.

» Material information systems (like CES Selector™, GRANTA MI™) are a helpful
extension in the material card generation process, to enable full traceability and

management of the information especially at the start and end of the process.

» Tools like 4a impetus or 4a micromec ensure quality and reproducibility in the
process of generating material cards, especially as the material card is linked to

the chosen idealization (solver, element type, element size, ...).

» As plastics will be used much more for mechanical loaded parts, modeling of failure

will be the next challenge in future.
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.. In physics we trust
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