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Composites in Transportation

- Traditional transportation markets
- Aerospace: low volume, highly reliability product
- Automotive: emerging but mass production is difficult

- New transportation markets (flying cars, self driving vehicles)
- Requires both mass production and high reliability *
- New Challenges
- Light-weighting (composite / AM lattice designs) *
- Design optimization (novel simulation-driven components) *
- Electrification
- 5G-cybersecurity

* Topics relevant to this presentation
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Outline DatapointLabs

Models for composite simulation

Typical tests needed

Material model calibration

Validation of simulation against physical test
Documentation and traceability
Incorporating design allowables

Storage and deployment to simulation
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Nature of Composites DatapointLabs

High strength lightweight applications
- Behavior is unlike metals and plastics

- Orthotropic properties can be exploited for maximum
benefit

- Need a deep understanding of behavior for successful
implementations

- Cost is much higher
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Composites are multi-scale materials DatapointLabs

Resin + fiber = sheet
Sheets in different orientations = layup

Scalel (O-Fiber/Matrix) Scale2 (Q'PW) Scale3 (O-Laminate)

Images courtesy: J. Wollschlager, Altair
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Testing of composites DatapointLabs

Tensile properties
Compressive properties
Shear properties

Properties are non-linear in certain orientations and modes of deformation.
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Composite properties are orthotropic DatapointLabs

Vary with orientation
Vary with test mode

e Matereality Data Viewer - Google Chrome

— O x e Matereality Data Viewer - Google Chrome = O X
@ https://my.matereality.com/Experiment/Summary/213628 3] @ https://my.matereality.com/Experiment/Summary/213631
T700/2510 Unidirectional > Tensile Properties DalapointLabs
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Properties are non-linear in certain orientations.
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Composite properties vary with layup

Sheets in different orientations = layup

E Matereality Data Viewer - Google Chrome

@ https;//my.matereality.com/Experiment/Summary/213631

T700/2510 Unidirectional > Compressive Properties
Viewer

DatapointLabs
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Test matrix for simulation DatapointLabs

Test certain layups in specific orientations Example of test matrix for Altair Multiscale Designer material model

Approaches exist for :
Test Test Layup Specimens Total Total
. DIGIMAT -- an
Panel
3 2 6

«  Altair Multiscale Designer 0 Tension ASTM D3039 (0]
. N ASTRAN 90 Tension ASTM D3039 [90],6 3 2 6
[45/-45] Tension ASTM D3518 [45/-45] 3 2 6
0 Compression ASTM D6641 [0]46 3 2 6
/estlaks 90 Compression ASTM D6641 [90] 3 2 6
[90/0] Tension * ASTM D3039 [90/0],, 3 2 6
[90/0] Compression * ASTM D6641 [90/0],, 3 2 6
[50/40/10] * ASTM D5766  [-45/02/45/90 3 2 6

OHT /45/02/-
45/0]s

Totals 16 48

*Used for validation
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Material Model Calibration DatapointLabs

Example calibration process for Altair Multiscale Designer
 Simulation predicts behavior of a variety of laminate lay-ups

« Stiffness and failure is modelled

Multi-scale model Ply test and model calibration Validation of complex laminate test

Scale0 (gMicrostructure)

Scalel (gFiber/Matrix) e

Scale2 (c™v)

Scale3 (O-Laminate)

Lobdell, Wollschlager, ATC (2018)
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Material Model Validation-1

Confirm that the simulation can predict different layups
PICSCI, a Matereality digitalization software is used to compare simulation to test

w_ T700/2510 Layups [-45/02/45/90/45/02/-45/0]s > Compressive Properties
Viewer

PicSci Electronic Lab Notebooks
can store and compare results of

properties  AlICETtncatcn AiTeSEMEthoan MNNTEGEIN
physical tests and simulations

Engineering Compressive Stress-Strain Curves
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Simulations courtesy: J. Wollschlager, Altair
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Material Model Validation-2 DatapointLabs

Confirm that the simulation can predict complex case

«  Complex layup- [-45/02/45/90/45/02/-45/0]s
«  Complex test - Open hole tension ASTM D5766

M_ T700/2510 Unidirectional > Open-Hole Tension Unpublished
Viewer

Experimental strains by digital image Ty M, vroporcs  ANCeTieate, 4TSt Metia, A iegal
correlation (DIC)  Tests

Engineering Tensile Stress-Strain Curves

| Graph | Data
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Documenting Composite Material Data DatapointlLabs
1 Composition (layups)

2 Processing (autoclaving)

3 Properties varying with orientation, temperature, strain rate, other parameters

4 Traceability
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mg = DatapointLabs

Composition
Store detailed compositional information about the layup

. agm [ Matereality - Google Chrome - O X
The Matereallty CompOSItlon framework @ Not secure| serverthree/test/v12/Material/Details?id=Carbon%2FEpoxy®%20%5B45%2F0%2F-45%2F90%5D 7]
allows for the storage of any
compositional information on composites. Carbon/Epoxy [45/0/-45/90] > Composition

Structured Composite

Such composition templates can be SR
created for any kind of materials. R

Carbon/Epoxy UD
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Processing DatapointLabs

[ Matereality - Google Chrome = O X

Autoclaving is typically used

@ Not secure | serverthree/test/v12/Material/Details?id=Carbon%2FEpoxy?%20%5B845%2F0%2F-45%2F90%50 B

Materea”ty prOVideS d PI‘OCESSing Carbon/Epoxy [45/0/-45/90] > Processing information
framework for the storage of process « Autoclaving
conditions for each processing step.

cure tima & hrs

pressure 0.5 MPa

2. Autoclaving - Post Cure

Any other kind of processing ot e 25
operation can be similarly captured to —en Py

completely document the production
process
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DatapointLabs
Property data
Capture data for each replicate from the physical test
Include variation in properties with orientation
. . = Matereality Data Viewer - Google Chrome _ O %

Matereallty SOftware automatlca”y CrOSS @ h‘ttps:g’;ymy.matereality.com/Experimem,’Summaryg'M3628 &
plOtS mUItl'Vanate data for efﬂC|ent data \i_ T700/2510 Unidirectional > Tensile Properties
analysis o _—

Syt A

. ags . . OHE'P » Analytics

Variability bands compute statistical spread o v

Of CU rve d ata Excel True Tensile Stress-Strain Curves

Manage Access

;t Transfer

p Request Review

|i| Discard Test

x Pin To Board

Request Help.'
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Traceability

t e Matereality Data Viewer - Google Chrome = O X

Capture details of the physical tes

@ https;//my.matereality.com/Experiment/Summary/213628 o]

® Sample information \i_ T700/2510 Unidirectional > Tensile Properties DuhpohtLabs
. Test parameters viewsr K o

o Unit Options: Certificate
« Test lab and technician

Data Certificate

authority ASTM

Matereality Data Certificates
satisfy the ISO 17025 data Sample Datais

. . sample source clisnt
reporting requirement.
other specimen preparation wvarying
thickness varying
Specimen Detzils
form COpen Hole Tension bar
conditioning 40 hours, 22C, 50%RH
width 37.92 mm
gage length £.418 mm
test temperature 23 C
Test Parameters
laboratory humidity 56 %eRH
crosshead speed 2 mm,/min

data source

date

Request Help
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: _ -
Incorporating Design Allowables Datapointlabs

Testing to CMH-17 = Compareecsle crene

@ https;//my.matereality.com/Experiment/CompareResults Egl
® Addltlonal |OtS and repllcateS M_ Compare > Multiple Experiments
Analyzer

« Strong statistical basis = Greater EVEETEEER  Properties  ANCSRNGHESA

design reliability
Compare:
Multiple Experiments
EE Select Data

Property Qualifier

M ate rea I ity Softwa re ha S bu I It_l n M401/Epoxy Unidirectional [-45/0/45/90]2s - Odeg direction Mean

‘Carbon/Epoxy Unidirectional [0]8 5

tools to perform statistical analysis oo sl 5756 2

‘Carbon/Epoxy Unidirectional [+-45]45 C2

Of Sto red d ata Offset Yield Strain in Tension Carbon/Epoxy Unidirectional [20/0]25 D3

Carbon/Eposxy Unidirectional (4545)(2)030(4545)25 G-Ten-6

‘Carbon/Epoxy Unidirectional [45/0/-45/30]2s H2
Maan
Std Deviation
M401/Epoxy Unidirectional [-45/0/45/50]2s - Odeg direction Mean 645
‘Carbon/Epoxy Unidirectional [0]8 5 1.12E4+02 MPa
Carbon/Epoxy Unidirectional [30]16 2 42.9
‘Carbon/Epoxy Unidirectional [+-45]45 C2 97,4

Offzet Yield Stress in Tension Carbon/Epoxy Unidirectional [90/0]25 D3 1.43E+02 MPa

Carbon/Epaxy Unidirectional (4545)(2)0%0{4545)25 G-Ten-6 350
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Storing Material Cards for Simulation DatapointLabs

Library stores material files for any ety
SOIver . ) . . |E Qa * ‘ MyDatabase > CAE Materials library
 CAE material files are linked to material
« CAE material files are linked to source — (S ——
material data (X <8 o1/242010 ;";“;5::;;3:;““55 ANSYS MISO ﬁﬁﬁench ANSYS SI-m,s,kg 1 &
ek s <<BH 02132000 BS8EK162 ABS ANSYS MISO mﬁfﬁ‘ench ANSYS SI-m,s,ka 1 e
Matereality software has built-in tools to
create CAE material files from stored data, |
including data manipulation for non-linear g‘“
material models, data fitting to equations. %
@view F download A edit o share @ transfer [ controlaccess  [ff] discard
& public & workgroup L private | 8 visible @ hidden
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Exporting Material Cards for Simulation DatapointlLabs

Stores material files can be deployed to solvers

Materealllt_y software has direct materealiy A
connectivity to _, _
. HyperWorks |8t %] | My Database > CAE Materials Grid
Upload Material & Author Mode
® AN SA Materizl ANSYS MISC :'TT;,‘;“&SS” h"‘ﬁ;':‘“"‘ MLS';EE';;
® AbaQUS/CAE 8586K162 ABS r 2 {r <y oy
« ANSYS Workbench Export Selection .
.+ SolidWorks om0
Hyperworks
« NX Nastran B 1 I it
A Eﬁﬁ Makrolon 7435 3 {r 3 L 2
. CATIA e |
» PTC/Creo § e @O OO
‘E_select
% tools 6
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Summary DatapointLabs
1 Composites are complex materials

2 Simulation can reduce the need to test each layup= reduce total number of physical tests

3 Validate of simulation is essential to prove accuracy

4 Composites generate a large amount of complex data: composition, processing, varying properties

5 Design allowables testing increases the quantity of data

6 Simulation material models must be well coupled to source data

7 Digitalization software is essential to support this activity
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