GREFINTRA

MATERIAL INTELLIGENTCE

Herausforderungen und Vorteile einer
Material Daten Management Strategie

Thomas Weninger

4a Technologietag, Schladming, Feb. 2014

Confidential www.grantadesign.com



Granta Desi,fg-h,—iﬁ'novating since 1994

5 UNIVERSITYOF  ASN\
¥ CAMBRIDGE "/

®

The Materials
Information Society

v

—sesoes0 o
e - Materials information
—— —. = management

Authoritative materials
reference data

Materials decision
support tools

Materials applications
for CAD, CAE, PLM...
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Materials data in ybur business context

Material

Purchasin .
J Information

Customers Supply EH&S
chain

 Needed everywhere in the corporate PLM environment
 Used in many different applications

 EXxpensive to generate and maintain
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Materials information enterprise-wide

IN-SERVICE &
RESEARCH DESIGN PRODUCTION  END-OF-LIFE
)
=\

/

Materials R&D Decision support data Materials QA Materials performance
» Testing  Certified design data » Batch testing  Failure reports
» Characterization » Reference data + SPC data * In-service testing
 Statistical analysis (Properties, cost, eco) » Comparison with specs » Empirical knowledge
* Reports * Purchasing specs * Process improvement * Materials substitution
* Certification » Preferred materials » Cost reduction

» Restricted substances * Materials aging

* Recycling and disposal
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Typical materials information environment
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« Data scattered in spreadsheets, databases, hard copy, file systems...

* |slands of information

* No systematic access control, security, versioning
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Where is this a problem?

Materials engineering productivity
Design and simulation
Purchasing, supply chain, manufacturing

Regulation, legal, reputation

Enterprise-wide — cost, delay, risk, missed opportunity
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Materials data in ybur business context

Purchasing Material Single, reliable,

Information controlled source for
corporate materials
data
Customers Supply Materials data and
chain applications, when and

where you need them
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Generating ,materiél information for CAE

>
»
»
» |
»
D

#1. Measure raw material data I.e. tension, bending etc.

#2:. Model fitting 1.e. statistical backed design data

#3: Model calibration / validation with CAE code

#4. Material consolidation / comparison

#5: Generate / Export solver specific material cards

#6:. Manage life cycle of material information
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Generating.materiéulinformation for CAE

#1: Measure raw test data i.e. tension, bending

#2:. Model fitting 1.e. statistical backed design data

Generate CAE Material Cards based on raw material data
l.e. using Impetus

>
»
»
»
D
D

#6:. Manage life cycle of material information
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Generating .materiél information for CAE

#1: Measure raw test data i.e. tension, bending

#2: Model fitting 1.e. statistical backed design data

#6:. Manage life cycle of material information
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1. Raw test data

Stress (ksi)

Strain (% strain)

Save To Excel (C3V)| Graph Tools| Copy... |Copy Data To Clipboard

" vy
Sample Pre- Heat
direction | strain | strain |deformation treatment Sample | Sample
(nominal) | {actual)| direction width |thickness
(actual) | (actual)
{in}
0%

Dynamic test - Soft deep- Dynamic test | Flat Bar Tensile, L0=20 MM Transverse 0 Transverse Delivery condition  0.394  0.0374

drawing steel - DC04

Dynamic test - Soft deep- . ; _ _ .
drawing steel - DCO4 Dynamictest Flat Bar Tensile, LO=20 MM Transverse 0% 0 Transverse Delivery condition | 0.394 = 0.0374

Dynamic test - Soft deep- . ) _ ) B
drawing steel - DCO4 Dynamic test  Flat Bar Tensile, L0=20 MM Transverse 0% 0 Transverse Delivery condition  0.393  0.0394

Dynamic test - Soft deep- . . . . .
drawing steel - DCO4 Dynamic test | Flat Bar Tensile, LO=20 MM | Transverse 0% 0 Transverse |Delivery condition | 0.393 0.0378
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Capture test data
from test machines

Capture pedigree,
e.g. microstructure,
composition, etc.

Manage with
complete
traceability

Use, e.g. Granta’s
Sheet Steels for
Automotive
database as a
template



2. Model fitting

1
\p
Td 14| £ st e Lo | « Implement standard
a, ( Ianper-SylmondsMoIdel [l:alculalted] = so01 00 | 0001 workflows for curve
—7 — lom ot smoothing, averaging,
ol = |0 0.1 model fitting, etc.
= K s
Em — . o * Integrate with Excel,
g 100 = | 100 100/ MATLAB, in-house
5 || tools, Impetus
Log-log graph of strain rate against (sigma/sigma zero - 1)
T - Store analysis in
: J system with full

traceability

« Store model
- oo parameters and
visualize stress-strain
curves on the fly

-0.6 0.3
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6. Manage materials lifecycle

Corporate “Gold Source” gam?w Aluminm 6061,
. ensi <g/m*
materials database -

Youngs Modulus 63.9 Gpa
== Aluminum, 6061, wrought, T6 Poissons Ratio 0.33 Pro d u Ct
i Yield strength 241 Mpa Lifecycle
Elongation 121017 % stiain Ultimate Tensile Strength 290 MPa
T — SE— Thermal Conductivity 167 w/m °C _—
e e, o o Thermal Expansion 23 6 pstrain/°C

Fatigue strength model (stress range)

g

Relevant, correctly-versioned material
models made available when requested

g

g

=

Get accurate, up-to-date properties

g

y CAE

Fatigue strength model (stress range) (MPa)
g

&

10000 1000000 100000000

=
=

Number of Cycles

[View The Data|[Graph Tools||Copy Chart To Clipboard .

Stress Ratio

[—y

Fracture toughness 331035 MPa.m*0.5 (estimate)

Mechanical loss coefficient (tan delta) 0.0001 to 0.002 estimate)

Melting point 580 to 850 c CA D
Maximum service temperature 110 to 170 C

Minimum service temperature =273 *C

Thermal conductivity 152 to 189 Wim.*C S I t d H —

Specific heat capacity 878 to 314 kg G e ec an ass | g n P D M
Thermal expansion coefficient 22710239 pstrainC /

Latent heat of fusion 384 to 383 kg

Name Aluminum 6061
Density 2.71 kg/m"3

Electrical resistivity 3910 4.1
Galvanic potential -0.7910-0.71 ¥ (estimate)

v Durability: flammability

Flammability
 Durability: fluids and sunlight
Water (fresh)
Water (salf)

Weak acids
Strong acids
Weak alkalis

Sirnnc aMotic

Non-flammatle

Excellent
Acceptable
Excellent
Excellent
Acceptable
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The material"A'goldwsource: GRANTA MI

SUPPORT CAD, CAE, PLM MAKE DECISIONS

DATA | DATA | DATA

EXTERNAL MATERIALS PROPRIETARY
REFERENCE DATA CONSOLIDATE MATERIALS DATA
Metals, plastics, composites, & MANAGE Testing, research, QA,

ceramics, coatings... DATA design, suppliers...
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Example co.,n-figur"étion for Automotive

Pedigree

Analysis
Area

» Bulge test
* Cyclic test
+ Dynamic test

« Elastic limit
+ Forming limit
» Plastic test

Confidential

Design Data

+ {0 = 1.00__.1.07 - Pisin carbon stesl
=+ 1.05_1.09 - Low-alioy stesl

% [l = 1.10_.1.15 - High quaky steel
[~ 1.20._1.85 - Aloyed staniess steel
+ (@ ~ 1.90. 157 - Low-aloy stes!

Controlled, traceable
material assignments
in PLM or CAD

15 (Datsull

Simulation Data

* Linear-Elastic
parameters

+  Plastic parameters

* Rate-dependent
parameters

+ Cleaned Stress-
strain curves

*  Etc

u’/laterial Models

Accurate, correctly

versioned properties
and material models
accessed from CAE

P PR CLA A Kooy

parr— g o o
L

1 e.g. Ml:Materials Gateway for PDM

#2200 0IN\S

N G TSR RSy oy
Ll i
57 5 585
i H g
: | %
L
b

THRUNAGS O 600 80056 05,5 Diman (8- 63 ‘

e.g. LS-DYNA, Ml:Materials Gateway for
ABAQUS/CAE, etc.




Representingwl\/l‘aterial Models

Life Power Coefficient, AD -0.836

Life Power Coefficient, A1 0.618

Life Exponent, ¢ 0.1 \ As equations which are
Model Fit R {Life Power) 0.94 L. . evaluated ‘live’

LT e Th T Mo As individual data points

X orY 5td. Err. Used (Life Power) ¥-axis

No. of 5td. Err. (Life Power) 3

Standard Error (Life Power)

=

[A:Tensile strength] / ({1 + [P:Stress Ratio]) /(1 - [P:Stress Rath]) + [A:Tensie strength] / ([[A: Tensile
strength] * (1 + [A:Blongation] /# 100) - [A:Yield strength (elastic Rnit)]) / Jogi1 + mean([A:Elongation] /
1000 - [AYield strength (elastic limit)] /(1000 * [A:Young's moduus])) * loal1 + mean([A:Blongation] /
1000 = (2 * [P:Number of Cycles]) ™ 0.6 + [A:Tensile strength] * (\ + [A:Bongation] / 100) < (2 * '

Expression

[P:Number of Cycles]) ™ flog 10imeani[A: Fatigue strength at 1077 es] / ([A:Tensile strength] = (1 +
[A:Blongation] / 1000 / log 10{20000000)))

Stress Range v Cycles (Life Power) (ksi)

No. of Cycles (cycles) | Stress Range v Cycles (Life Power) (MPa) 1DIDD 100000 10000000 B B
I—E No. of Cycles jcycles)
I

1 = EIEIEN I E I EN
1.5¢6 400 L . [ 2 ][ WEse |
2906 372 As multidimensional
7.5e6 400 Stored Curves | Attributes I Constants I Parameters | Functions |
3000 689 i--cos - B

f-tan Function: arcsin H
1.1e7 372 esc 3
1.3e7 200 5:: point arcsin(point

[ =

7000 800 : = *

b BMCCOS -
1467 345 B o | Summary i
8000 786
207 303

oK ][ Cancel ]
a000 G689
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Integration options

TR ke LN N R e S G0 00 0 PC 05,31 D ey aem

Mot bty 5 e b At (g 5 g e 2

Providing engineers with: e

* The materials data they need
* When they need it

* In the format they need

Interactive
Gat eW a.y Exported Data

Test data

FMATERIAL, MAME = Wrought_alumimm_alloy 2024 To
x

-8 The export file for Abagus 6 (model Termnperature-dependent, isotropic) is shown below
e
o el #% MI PROPERTIES : Elongation, WValue: 0.0539, [nits: <No Unit»
o é g g E % MI PROPERTIES : Thermal conductivity, Value: 157, Units: W/m.E
T e R i ** MI PROPERTIES : Electrical resistiwity, Walue: 0.000000044%, TUni
2 ok Aot s =vuaw #% MI PROPERTIES : Specific heat capacity, Walue: <No Valuer, Units
% T Toemo +* MI PROPERTIES : Dielectric constant (relative permittivity), Value
f . lEii W
X o

E t *ELASTIC, TYPE = ISOTROPIC
Xpor 8.278e+10, 0.337, 77.5
7.786e+10, 0.337, 1890
7.451e+10, 0.337, 270
7.261le+10, 0.337, 328
7.178e+10, 0.337, 370
6.696e+10, 0.337, 420
6.432e+10, 0.337, 463
5.912e+10, 0.337, 502
ESSSSRFSTRSEEN) . | 5.521le+l0, 0,337, 527
5.200e+10, 0.337, 551
£

+FATL 3TRESS

API 4.490e+8, 3.770e+8, , , , , , 298
x
SFATL STRATN

Design Data TR | y

Sawe To Disk H Copy To Cliphoard |
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»

Direct Integfation with CAD and CAE pre-processors

po

Pro/ENGINEER and Creo

Abaqus/CAE

— .| Siemens NX / Teamcenter L

[ CATA VS - RoctProductt CATProduct]

Matersl $ Process =| Surface treatment | W Area =H ";‘““:"‘*f:“““‘“" S L
] Partl (Part1.1) Absminum foam (0. - e Goen.. el sove Blsove s | fdivoort. @ Compect e
¥ Part2 (Part2.1) B 483 (40% aumin . [ Polmer extruson [l Bleciro-pliting 65 % d vl il
Part3 (Part3.1) W Stainkess stee| au [l Forging / roling B e~ |
| Part4 (Parts. 1) W Asmino siicate/H. 100 % o b4 & Qe07
1parts (Pares.1) 3 @ s cammy
Parte (Pars. 1) 1@ poneeminen v -
Pt (Pan7.1) ——
o s
raes s
dracic parse 1 )
Bl of Materials dashboard " Fle Ede View Unts Teck Melp '
=) ) (setbmsive) (& HoLEET
il of Matersls

Partd (partd. 1
part [partl.L

Ao shcatefHaxtsl 720, 45V -

B pamanant ot Caog.
Geng
Absminum faam (0.5)

Castng Loatse: Thek nd e ass

a2 (a2t [p—— w s oy i

Part3 [Partd 1. Seaiiless steel, sustentic, AKI 304 00 - 0 )

et el COMING SOON HyperMesh '
ooy

18 7. Macolaous Ao nd i e

D Fits (Fars.1
DFPHIYyman @

.

o sy
oo §

CATIA V5 |

ANSYS Workbench EI

Confidential



Materials data in y"bur business context

Purchasing Material Single, reliable,
controlled source for

corporate materials
data

Customers _ Materials data and
applications, when and
where you need them
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Purchasing,.su‘pply'lchain, manufacturing

Strategic
objective:

Corporate goals: enable these. .. Individual Engineers:

Fewest suppliers * Engineering specs and

standards
Global coverage
: : * Accurate property data
Contingency and security for analysis

of supply
* Best performing
Lowest overall cost material for a given

function

Materials &

process
decisions

...while ensuring these
(lower cost & business risk)
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. Examples

- Sourcing / Selection

- “preferred materials lists” and “preferred supplier lists”
- Reduces costs and improve quality

- Alternative / equivalent materials

- Design here — manufacture there
- Cover obsolescence risks

- Total cost of design

- Integrate materials & processes
- Investigate alternative selections
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Regul atlon v edélsr isk, reputation

Business risks

 Non-compliance with regulation
« Security & pedigree of data

« Materials obsolescence
« Future regulatory impact on
material and process choices

* Price volatility * REACH *

* Legal challenge due to
Inaccurate product information
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Tools when a.nld"whewfethey are needed, e.g.

Ui - CES Scecor 12 [Rage - Young s mchkn (GP) . Demty By} == e=n -
Db 5o Yo s Tk findow iy Pt o

e ,,_‘ EE_‘:“;‘:?;@:VZ ":'1.”,%?.' — =] ﬁ PVC (Polyvinyl Chloride)
= — @ - Flexible R e
@ - Glass filled T
‘=8 - Unfilled -

. Chiorinated. molding and extrusion

o Technical ceramics —

Natural materials

) g Metals and alloy:

]| - s
. i *l Composites RO

H o e i it

3o 0 £

0%, s : G v o i i =
~ - [
i S > Eiastomers @ - SAN (Styrene acrylonitrile)
.. 0 | - SB (Styrene Butadiene block copolymer)
= = @ - SMA (Styrene Maleic anhydride)
Density (kg/m3)

CES Selector MIl:Materials Strategy Package
Enable expert materials decisions Deploy business rules on cost, suppliers...

¢ Fovortes o Al egalations B B v 0 e~ Bages Steyv Tk @v

Mome _ Opterue

= Benazyl butyl phthalate [8568-7] [v3]

~ Generat information

‘Chemical name ‘Benyl bu phinaiste

CAS number 85587

EC number 201627

ndex numbor 607430003

Synonyms & tadenames

1 AI3-14777, BGP, BRI 2062204, Benzy |
seiny Butppn

Caswel 71001;

160; Unimoll 88. - But benayt phinaiate;
= Legrsiation affecting this substance

Save ToEicel (€

16 e e
+ 00000000000

MI:Composites Package MI:Restricted Substances Package
Manage complex composite test data Assess and reduce restricted substance risk
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