)

® COMPOSITES ®

Simulation Across the
Automotive Supply Chain

R. Byron Pipes
Jan-Anders Mansson

Institute for A DVANCEL
Comp05|tes Manufacturmg Johnathan C%oods-ell
NNOVATIO! Purdue University



Purdue CMSC - Task 3.2 Team

R. Byron Pipes
Executive Director, CMSC
Director, DMS TA
Director, cvfHUB

Jan-Anders Mansson
Director, CMSC

Joshua Dustin
Senior Software
Application Engineer

Sergey Kravchenko
Postdoctoral Researcher

Anthony Favaloro
Postdoctoral Researcher

Rebecca Cutting

Validation Engineer

Johnathan Goodsell
Director, Validation Lab
Assistant Director, cdmHUB
Associate Director, cvfHUB

Ben Denos
Postdoctoral Researcher

Alex Reichanadter
Ph. D. Candidate

0 COMPDSITES

INSTITUTE

Nathan Sharp

Validation Engineer

Drew Sommer
Postdoctoral Researcher

The Institute for Advanced Composites Manufacturing Inno'

CONFIDENTIAL — DO NOT SHARE WITHOUT PERMISSION




Capture the Physics: Harness the
Possibilities

Impregnation Material Molding Performance Crash Assembly
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Geometries

Deck Lid

Lift Gate

Double Dome
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Impregnation Simulation

Impregnation
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Impregnation Line at Corktown

Pre-
Filming NHeating>l<mpregnatiog{Quenching>
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Impregnation Model for Corktown Line

1. Filming 2. Preheat 3. Impregnation 4. Quenching
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Simplified cure kinetics Resin flow
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Impregnation Model Physics

Incompressible Resin Compressible

\ Fiber Bed Fiber Bed Thickness Decreases
3 /
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Nip Rollers

Fiber Volume Fraction (V;) Increases

Darcy’s Law:

[Gutowski (1983)]
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Simulation-Guided Process Control

‘ 3. Impregnation | Degree of Impregnation 0.68

O Degree of Cure 0.002
O O‘x\ Processing Time 252 sec
T — — Minimum Flow Channel (Hex Packing) 2.20 pm
O ‘“Q Minimum Flow Channel ("Wavy Fibers") 1.06 Hm

Impregnation Model, Purdue CMSC
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Material Form Simulation .

Impregnation Material Molding Performance Crash Assembly
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The Effect of Material Form (PPMC) on
Performance Variability

Prepreg Platelets

Prepreg Materlal (Molding Compound) Orientation State
Platelet Composite
Geometry Morphology

Structure of a
Composite System

-1

Effective ‘

Properties & Variability
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Key Descriptors for Performance

Platelet Aspect Ratio Platelet Orientation
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Material Form by Design
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Influence of Aspect Ratio, Purdue CMSC
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Characterizing Initial Orientation

l@gt 3 “Results
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Molding Flow Simulation

Impregnation Material Molding Performance Crash Assembly
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Double Dome: Validation Geometry

THE
COMPOSITES @

|
acm The Institute for Advanced Composites

INSTITUTE

CONFIDENTIAL — DO NOT SHARE WITHOUT PERMISSION



Double Dome Molding Simulation

Mat material form
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Double Dome Flow Simulation

Degree of Longitudinal Alignment (Along 3-Direction)
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Double Dome Flow Simulation

Degree of Longitudinal Alignment (Along 3-Direction)

/

Molding Simulation in Abaqus, Purdue CMSC
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Flow Validation Against “Short Shots”

Gk

Knit line
prediction
confirmed

¥
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Dow Molding Experiment “Short Shots”
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Orientation Engineering through Charge
Placement
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Toward Engineering Platelet Orientations

marsverse | egend: Degree of Collimation with Axis

g

Aligned
Transverse

Aligned

Transverse charge Axial charge

x;-direction extension Orientation state remains
gives high ass primarily random
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Performance Simulation

Impregnation Material Molding Performance Crash Assembly
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Capturing Orientations in a Performance

“Virtual Twin”

Use Generated FE Model to Predict
Regional Mechanical Response

Simulate Flow:
Initial Orientation State
Charge Placement

Simulation

1

l Trim and Transform

to Fit FE Geometry
e Use Local

‘ ‘ ‘::ff ~ Orientation

: Distribution to
- Generate New
Virtual Bar

Excise Flow Simulation Data s
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Local Orientations Matter!

Manufacturing-Informed
Tensile Specimen
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Local Orientations Matter!
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Manufacturing-Informed
Tensile Specimen

Axial Strain
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Progressive Failure Analysis in Abaqus, Purdue CMSC
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Initial Validation of Performance Prediction

350

Macro-stress (MPa)

Simulation (color) Predicts
Experimental (grey) Performance
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Probability density (%)

Cummulative Probability (-)

Toward Virtual Material Design Allowables
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Crash Simulation

Impregnation Material Molding Performance Crash As

COMPOSITES

acm The Institute for Advanced Composites Manufar

INSTITUTE
CONFIDENTIAL — DO NOT SHARE WITHOUT PERMISSION

w



Failure Morphology of Crush Tubes

Layup: [044] Layup: [0,/9044] PPMC
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Characterizing Novel PPMC for Crash

A 8 Tests for material system characterization
% ==  Tensile test, ASTM D3039
? ? « Compression test, modified ASTM D695
% v * Flexure test, ASTM D7264
i
v ASTM D 3039 — Tensile

test

ASTM D 3518 — +45

test

Modified ASTM D 695 —
_ compression test

Tuning
parameters
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Experimental Characterization

Layup: [05/9044] UD Flexure PPMC

Simulation

Experiment

Comparison
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Future Process to Capture Material System

UD Tape
Mechanical
Characterization

A\ 4

Orientation
Characterization

!

Molding
Simulation

!

Crash
Simulation

CONFIDENTIAL DO NOT SHARE WITHOUT PERMISSION



Part and Assembly Simulation

Impregnation Material Molding Performance Crash Assembly
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Engineering the Deck Lid

Adhesive

CTE # CITE = Deformation & Warpage

Carbonlnner GlassOuter
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Assembly Challenges and Opportunities
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Promising Strategies

Processing Material Pfeforr_n
Optimization: Development: Engineering:
Induction Heating Modifying Adhesive and
and Cooling Bond-line Thickness

~——

Aluminum (0.9 mm)
Adhesive (1.0 mm)
CF SMC (3.0 mm)

Induction and Coollng
6=0.1 mm
Induction:
6=-7.0 mm

Oven:
6=-10.8 mm
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Simulation: the Language of Innovation
Across the Automotive Supply Chain

<>

Impregnation Material Molding Performance Crash Assembly

e v\i—BJB—Q

THE
COMPOSITES @

|
acm The Institute for Advanced Composites Manufacturing Innovation

) Gltee PURDUE

Composites Manufacturing
& Simulation Center

INSTITUTE
CONFIDENTIAL — DO NOT SHARE WITHOUT PERMISSION



