9th Annual Automotive Composites
Conference and Exhibition

(ACCE 2009)

Troy, Michigan, USA
15-16 September 2009

ISBN: 978-1-61738-366-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2009) by SPE Automotive and Composites Divisions
All rights reserved.

Printed by Curran Associates, Inc. (2010)

For permission requests, please contact SPE Automotive and Composites Divisions
at the address below.

SPE Automotive and Composites Divisions
MSU Management Education Center

811 W Square Lake Road

Troy MI 48098

Phone: (248) 879-2456
Fax: (248) 879-6125

p.malnati@sbcglobal.net

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

KEYNOTE PRESENTATIONS

A Vision for Carbon Fiber Composites (CFC) iN AULOMOTIVE.........cccciviriiieieiiieie et 1
Kalyan Sehanobish, Dev Barpanda, Nikhil Verghese, Ed D'Hooghe, Marie Winkler-Sink

An Innovation Process for Composite Structures from Nano- to Macro-scale: A Vision for a New

(0] o] (=] oSS RRR P RPROPPRRIN 36
Eann Patterson
The 100 MPG BIIGNE IDEA ...ttt ettt ettt bt e e e e b e e e e s e st e Rt eb e e b e e beee e b e e emeebeebeabesbenbeseenseneaneanas 65

Hadrian Rori
Composites Help Electrify Transportation: Fun, Affordable Transportation in an Age of Rising

T 0V OS] £ T TP PSP PP PO SRTRPPRPRTPR 80
Dana Myers

Can You Be-leaf 1t? Ford Motor Company’s Research in Bio-based Materials.............ccocoveriivieieiiiniinenesieeecs s 101
Debbie Mielewski

Plastics & Composites Solutions for the Tesla ROAASTEN ... 137

Barrie Dickinson

ADVANCES IN THERMOPLASTIC COMPOSITES

PushTrusion™ Direct In-Line (D-LFT) Compounding Technology versus LFT Pellets and GMT Sheet ................. 163
Eric Wollan

A Formulation Study of Long Fiber Thermoplastic Polypropylene (Part 2): The Effects of Coupling

AGENT TYPE AN PFOPEITIES ...ttt et e ettt e b e se e b e e e m e eb e ebeebese et e seemeebeebesbesbeebesneneareanen 168
Creig Bowland

Fatigue and Vibration Response of Long Fiber Reinforced Thermoplastics..........ccccoovviviiiiniieicieicc e 179

Uday K. Vaidya, Ashutosh Goel, Krish Chawla
Automotive Thermoplastic Composites . . . Industry Structure and New Technologies Respond to a

GIODAI RECESSION ...ttt b etk b bbbt b ek ekt b e bbbkt b et b e bbbt b et e b st 189
Robert Eller

High Performance Reinforcement: A Pathway to Density Reduction while Maintaining Physical

Properties of POIYOIETIN COMPOSITES. ......c.iiiiiieie ettt sttt ettt st et e e e e e s e ebeebeseeebeseenseneaneanis 238
David Lake

Innovative PPS Blow-Molded Air Duct for Turbocharged Diesel ENgINe...........cococviiiiiiicincinscecee s 284

Duane Emerson
Structural Thermoplastic Composites — Filling the Gap between Stamped Steel and Molded

(10 40T oTo LY | (=1 SO ORSPRP 304
Alan Murray

Latest in Additive Developments for Long Fibre Reinforced POIYMErs.........c.cooiiiiiiiiiii e 305
Frank Henning

Advances in Thermoplastic CompoSItes USING CBT ......c.oiiiiiiii ettt sresae 306

Nathan Doyle, Fred Deans

ADVANCES IN THERMOSET COMPOSITES

Alternative Methods to Enable the Powder Priming 0f SMC ..........cooiiiiiii e 327
Hamid G. Kia, Bhavesh Shah, Christina Hicks

The Influence of SMC Formulation, Inner Panel Thickness, and Bond Stand-Offs on Bond-Line

R Lo 11 ] (01U g IS T=Y =T | YOS 345
K. D. Fernholz, C. S. Wang, K. Lazarz

Flexibility in the Direct Strand Moulding Compound (D-SMC) PFOCESS.........ccueiriiinieierisiiisreeniees e 362
Tobias Potyra, Dennis Schmidt, Frank Henning, Peter Elsner

Recent Advances in Class A Polyurethane Long Fiber Injection (LFI) COMPOSITES.........cccceverieieieiiiiniierieieeeveees 389

Usama Younes



Composite Power-Train Components: Reducing Warranty Costs and Improving Part Quality ...............cccccoeeee. 399
Scott Pflughoeft, Mayur Shah, Toai Ngo, Mac McDougall

Automotive Composites Consortium Structural Composite UNderbody ..o 411
Libby Berger, Hannes Fuchs

BMC Composites: High Value Metal Replacement Material Alternative for Automotive Powertrain

F A o] o] L To7 14 o] o - FOu OSSR SOUSSRPRTN 423
Jim Cederstrom

BIO- & NATURAL-FIBER COMPOSITES

Renewable Resource-Based Composites for the AUtomotive INAUSEIY ..........ccooieiiiiniciec e 424
Dejan D. Andjelkovic, Darcy A. Culkin, Roman Loza, Michael J. Sumner

AN INvestigation 0f “Green’ Class A SIMC ...ttt st et st e b eeae s te st e e et esaerearesresrens 432
Thomas Steinh&usler, John Young, Mike Siwajek, Dan Houston

Bio-Based Polymers from SOY CheMIUSTIY .........coi ittt bbbt b b 433
Dwight Rust

Development of Injection Moldable Composites Utilizing Annually Renewable Fibers............ccccooioiiiiniiiinince, 462
Ellen C. Lee, Paul A. Hardy, Leonardo Simon

Economical Preform Production for Conventional and Natural Fiber COmpoSItes .........cocvoieiiniinieineiiecniens 479
Anthony Mascarin

Renewably Sourced Engineering Polymers for High Performance Applications ..........ccccoceveveiiieiciencnescese s 494

Richard L. Bell

ENABLING TECHNOLOGIES

Epoxy Thermosets Modified with Novel Nano-Scaled, Self-Assembled Block Copolymers: Toughening

Mechanisms and EXTENSION 10 COMPOSITES .....c.viuiiiiiiiireeeieii ettt sttt e b re st et et esseseeseetesbesae s eseesseseabesreneen 513
Nikhil E. Verghese, George Jacob, Marv Dettloff, Ha Q. Pham, Jia Liu, Hung-Jue Sue, Zachary J. Thompson,
Frank S. Bates, John F. Mandell, Daniel Samborsky

Zero-Emission Acrylic Thermoset TECANOIOQY ........covoiiiiiiiie ettt resne e e 522
Matthias Gerst, Bernd Reck, Gero Nordmann

Improved Matrix Materials for High-Performance Carbon Fiber Composites Aromatic

ThermOSEttiNG COPOIYESTEN ........e ittt ettt st et et et e st e b e e beebesbeebe st et eseeseabeebesbeseesbeeenearaanens 531
Zeba Farheen Abdul Samad, James Economy

Long Fiber Reinforced Thermoplastic LFT-D and Thermosetting D-SMC Processes for Lightweight

Parts Production — Trends and Recent APPIICATIONS. ..........ooiiiiiiiiiiiiee e 536
Heinrich Ernst, Frank Henning, Jeffery R. Robbins

Development of an Adhesive-Primer for Polypropylene COMPOSITES..........ccooiiireiiiieiiiie e 573
David Trudel-Boucher, Tan Minh Ton-That, Johanne Denault

Low Temperature Cure Polyurethane Adhesive for “Primerless” Composite Bonding ..........cccoceovvvvniienienncennnns 582
M. J. Barker, J. Baetz

Bentley Motors Develops Unique Directional Carbon Fibre Preforming Process for Chassis Rails..............ccccov..... 595
Antony Dodworth

Reducing Setup Costs: Tooling Force Prediction in Resin Transfer Moulding (RTM) and

COMPIESSION RTIM .ttt h bbb et h e e bt bt bt e e b e e ea e b e e h e e bt s b e b e e s b e bt eh e ekt et e b e b et e b e bt et e 605
W. A. Walbran, B. Verleye, S. Bickerton, P. A. Kelly

Electrically-Heated Moulds of CRP Composite Materials for Automotive Application .............ccccocvoeviniininiennnn. 623
Herbert Funke

Life Cycle Cost Analysis for Passenger Cars: Steel VErsus COMPOSITES ........ccvrviirireiriinieinies et 642

Seyed Hamed Mousavi Khoonsari

VIRTUAL PROTOTYPING & TESTING OF COMPOSITES

Digimat Material eXpert: From the Material Lab to the Efficient and Optimal Design of Reinforced

PIASTIC PAITS....... ittt r Rt R e b et R e R R E e R R e Rt R Rt R e Rt 671
S. Lepage, A. Depouhon, R. Assaker
Damage Modeling of Injection-Molded Short- and Longfiber Thermoplastics ..........ccooovvvinirnieieniciereeeeese e 694

Ba Nghiep Nguyen, Vlastimil Kunc, Satish K. Bapanapalli, Jay H. Phelps, Charles L. Tucker 111



Application of Digimat Micromechanical Modeling to Polymer COMPOSITES. ........cocoeiriiiiene e 709
Pete Foss

Sensing When the Molding Cycle is Over: The Key to Productivity and Product COonsSiStency............cccoeervierinnne. 738
Tom Trexler

Advanced Simulation of Fiber-Reinforced Automotive Radiator End Tanks by Capturing Anisotropic

Y e g T L o o] o T=] 1 TSROSO 759
Mabhesh Chitnis, Suresh Shah, Mark Hammer, James Acre, Gary Victor

Material Characterization and Modeling of Long Glass-Fiber COMPOSITES..........cooviiiiirineieieeree e 769
Matthew D. Marks

Fatigue Properties of Injection Molded 33% E-Glass Fiber Reinforced Polyamide- 6,6 ...........ccccooeviireneiniinencnn. 807

Shivanand Sankaran, P. K. Mallick
Identification, Selection, and Development of Composite Test Standards — A Case Study from the

Development of a Design Standard fOr COMPOSITES..........civiiiiiiiriiieiei et sb et seereeresbesees 819
Ellen Lackey
Engineering Aspects of Designing with Pultruded Carbon-Fiber COMPOSITES...........ccoviiiriniiiinenceeeceeese e 831

Jay Tudor, Seung Lee, Dev Barpanda
Automotive Composites Conference Plasan Carbon R&D with A&P Technology and ORNL: Review

OF PreliMINAY DATA ... .c.oeieeeieei ettt sttt b bttt st e b e e e m e e b e e Rt ebesb e e b e seemteseeneebeebeebesbe b eseaneabeanea 832
Andy Rich

Mesoscopic Finite Element Simulation of the Compression Forming of Sheet Molding Compound

VA oY =T B o o] g Tl @] 1 o] o 0] £SO SUPRSSRPRTN 847
J. A. Sherwood, D. Jauffres, K. Fetfatsidis, D. Winchester, J. Chen

Progress in Simulations for Short and Long Glass Fiber Thermoplastic COMPOSItES..........cccooeirieiinireneinisencee 864

Gregorio M. Vélez-Garcia, Kevin Ortman, Neeraj Agarwal, Peter Wapperom, Donald G. Baird
Initial Finite Element Analysis of Bond-Line Read-Through in Composite Automotive Body Panels

Subjected to an Elevated TeMPEFATUIE CUKE .......ooui ittt ettt sttt e st sae e e e e e seebesbeseesbe e eneenesresaeseenes 875
Hannes Fuchs, Paul Deslauriers

Progressive Ply Failure Analysis for COMPOSITE STIUCTUIES..........c.oiiiiieiiiie ettt 888
Barton W. McPheeters

Analysis of Woven Glass Fiber Reinforced Thermoplastic Composites under Varying Strain Rates................c...... 910
German Reyes, Uday Sharma

Using a New Composite Energy-Absorber Bumper to Improve Automotive Crashworthiness ...........c.ccoccoeevenene. 927

Siavash T. Taher, Simin Ataollahi

Author Index





