Composites Manufacturing
Conference & Exhibits 2011

Dayton, Ohio, USA
12-14 April 2011

Volume 1 of 2

ISBN: 978-1-61839-066-0



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© (2011) by the Society of Manufacturing Engineers
All rights reserved.

Printed by Curran Associates, Inc. (2011)

For permission requests, please contact the Society of Manufacturing Engineers
at the address below.

Society of Manufacturing Engineers
One SME Drive
Dearborn, Michigan 48128

Phone: 800-733-4763 or 313-425-3000
Fax: 313-425-3400

Www.sme.org

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

Volume 1

ASILI0C: WAL IS YOUE PLAN? ...ttt ettt b et b e et e s e e st e bt e b e e be st em e e s e eneebeebeabeseeebe e eneaneane 1
John M. Cachat

End-to-End Composite Manufacturing SIMUIALION ...........ccooiiiiiiiie e 39
N/A

Ultrasonic Machining of CMCs & Bullen Capabilities ............ccoiiiiiiiiiiiiiie e 73
Palani Chinnakaruppan

Machining of Porous Materials for Aerospace Component Manufacturing ..........ccccoevvriivinieierieiesie s 106
A. O'Connor, M. Ramulu, J. Miller

Abrasive Water Jet Machining and CompPOSItES REPAIT ........ceiiiiririiiii ittt 131

Francis Collombet, Laurent Crouzeix, Arnaud Gillet, Redouane Zitoune, Michel Deleris, Francois Cenac, Yves-
Henri Grunevald

Part Based Automation of COmMpPOSIte COMPONENTS..........cviiiiiiiiiieiet ettt e e e b e bt e e seesesbeabeneen 172
Ralph Cope
TOOING TULOETAL ...ttt b ettt b bt bbb e e ht e b e bt e bt e b e b e s e e At e st e bt e bt e b e ebe st et e b e enenbeane 207

Louis C. Dorworth
Development and Application of IDT Sensors for Wide Area Inspection and Structural Health

Monitoring of Composite Wind TUIDINe BIAOES..........cooiiiiiieie et et eas 303
Carl Druffner

Out-of-Press Resin Transfer Molding of the G250 RUAUET ..........ccoiiiiiiieiiieie e 325
Jay Evanovich

Automated Fiber Placement Maching DeVEIOPMENTS.......c.oviiiiiiiiiieii et re b are s 378
Todd Rudberg, Robert Flynn, Justin Stamen

Advanced Wind Blade Automation TECANOIOGY .........coueiiiiiiiiiiiieiee et 401

Michael Grimshaw
Development of a Rapid Out-of-autoclave Curing Process for Toughened Bismaleimide and Epoxy

L ] 0T =10 T OSSO OO TE U PO PP UT PR PPN 442
Ben Luedtke, Dale Brosius, Karl Gruenberg, Tim Brocklehurst

Low Cost Tools for Large RepPairs Of STIUCTUIES .........c.ooviiiiiiieie sttt s e b seebeste b 476
Francis Collombet, Laurent Crouzeix, Yves-Henri Grunevald

Maximize Your Capital Investment With Modular Platforms for Composites Lamination Systems............c..c........ 496

Robert Harper
Using Programming and Simulation to Develop Optimized Processes for Automated Fiber Placement

(AN 2 L NN (O3 1Y, = Tod T T OSSR 500
Bill Hasenjaeger

Achieving High Performance with Rapid Low-Cost, Eco-Friendly Next-Generation Tooling ...........cccccoceverniinnnnne 531
Linda Clements, John Crowley

New Processing Techniques Utilizing Application Specific SOIULIONS ..........ccoivieiiiiciiici e 553
Jim Hecht

Volume 2

Elastomeric Tooling Used in Composites ManUFaCTUIING ........ccccoiviiiiiieiiiii et 557
Alan Hiken

Composite Safety and CertifiCation INITIALIVES...........coiiiiiiieie bbb 597
Larry llcewicz

D0 Tt RIGNT THE FIFSE TIME ...ttt ettt ettt e e e e e e Rt b e b e et e ee e b e e eme e b e ebe et e sbeebesneneeseenennas 661
Don Jasurda

Study on Machinability of Fiber Reinforced COMPOSITES.........ccciiiiiiiiiieii et 677
Devi K. Kalla

Reusable Vacuum Bagging System - Design, Manufacture and REPAIT...........ccccevviiiiiiiiiiisesece e 693
Richard Lofland, Gentry E. Newsom

Composite Materials - High Performance Machining ............cccoiviiiiiiiiiiiieii et 725
N/A

RAPID Airframe Design and AsSemblY APPFOACH.........ciiiiiii et 745

Brent Meredith



Developing Productive Slit Tape Solutions for the Automated Fiber Placement Process ..........cccovoviereneiencnencne. 763

Dan Ott

LY =Tl a1 T T gLl @] 4] o 0] | (=TSP USTRRSRPRP 792
Tom Piper

Aerospace Knowledge Used for COMPOSITES IN AULOS ......c.eveiiiiiiiieii ettt sttt sbesr s e e nesreanens 808
Rani Richardson, Terry Vasquez

Design and Manufacture of Composites on Military AIFCIaft ..o 836
John D. Russell

Precision Waterjet Cutting in Composites Utilizing Multi-AXiS RODOTS ...........cccoiiiiiiiiiii e 864
Duane Snider

Few Investigations on Machining of CFRP and MIMC S.........ccoiiiiiiiiiie ettt 932
Anil Srivastava

Raptor Resins New Out of Autoclave BMI ChemISTIY ......c.cciiiiiiiiiicicceese ettt sve e 973
Robert Stratton

Safety Problems in Machining COMPOSITES .........eiuiiiieiiiiiiie ittt b ettt ean 1004
P. S. Dhanasekaran, Devi K. Kalla, R. Asmatulu

Decreasing Costs and Increasing Quality of Laminate STrUCTUFES...........cooiiiieiieiiiiee st 1024

P. J. Sturdevant, Mark Terdan
Reducing Waste and Cost by Implementing Behavioral Changes within the Manufacturing

(@] T T T 72= 11 o] o OSSO 1047
Jo Umberger

Washout Tooling for Hollow Composites: Toward Rapid, Low Cost Production Technology..........c.cccceeerviviiennne 1067
Matt Wallen, Jens Rossfeldt, Carl Aune, Zachary Wing

Automated Fiber Placement Span Time, Rate & Efficiency Calculation .............cccocoiiniiiiiiiiiineesccee 1100
Paul T. Briney

Lean Designed Composite Rotocraft Structures for the AH-64D HElICOPEY .......cceiiiiiiiiiiieeeee e 1119
N/A

UNAVAILABLE PAPERS

Expanding Variety of Automation in the Aerospace CompoSites INAUSEIY ........c.coviiiiiiieiiieeree e N/A
Manu Motilva

Composites Automation: The Journey from Craftsmanship to Process CONtrol..........cccooveviiiiieneienierincseseeine N/A
Vern Benson

Robotic Fiber Placement Enhancement to Face NeW Demands ..........ccooiveeiiiriiniiiiiiinissreiees e N/A
Denis Cartie

Selection Criteria for High Output Automated Processes for Aircraft Composite Structures............c.coceovevnirennne N/A
Patrick Rousseau

IRPC - Department of Defense Funded Composites Inspection and Repair Project ...........cccoovvieiiiincinicicieneens N/A
Frank Elliot

Laminate Compensation Method of Composite Thickness CONTrol..........cccooeiiiiiiieiiiiee e N/A
Paul T. Briney

Impact of Computer Based IPD Tools on Affordable Manufacturing............ccccvevviiiiniiincccccese e N/A
Steve Mitchell

Cryogenic Machining of COMPOSITE FIDET ..ottt N/A
George Georgiou

Out of Autoclave Processing to Functional SPeCIfiCatioNs ............cccoiiiiiiiiiiiee e N/A

Ben Halford

Improving Process Control in Composites Manufacturing: Fiber Orientation Measurement and FOD

PIEVENTION ...ttt bbb bbb e b b s b bbb E e h et R s E bbb e bt bR b b et n e N/A
Scott Blake

Author Index





