NAFEMS Americas Conference 2014

New Frontiers in Product Modeling
and Simulation

Colorado Springs, Colorado, USA
28-30 May 2014

ISBN: 978-1-5108-0243-8



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© (2014) by NAFEMS
All rights reserved.

Printed by Curran Associates, Inc. (2015)

For permission requests, please contact NAFEMS
at the address below.

NAFEMS

Beckford Business Centre
Beckford Street — Hamilton
Lanarkshire ML3 0BT UK

Phone: (614) 360-1922

Andrew.wood@nafems.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

PLENARY

SIMULATION AND MODELING COLLABORATION WITH PLM ..ottt 1
Kenneth J. Rasche

DIGITAL PRODUCT DEFINITION: TRENDS, CHALLENGES AND OPPORTUNITIES .....c..ccooevviiiieiieeee N/A
Donald Tolle

ENGINEERING SIMULATION IN 2020: A REALISTIC ASSESSMENT .....ooiiiiiiiiiiiee e 5
Dennis Nagy

SYSTEMS SIMULATION 1

MODEL-BASED MULTI-DISCIPLINE DEVELOPMENT USING 1D AND 3D SIMULATION ......ccccooveviiiieeiins 8
Patrick Farrell

MODELS SIMULATION PROCESS MANAGEMENT AND COLLABORATIVE

MULTIDISCIPLINARY OPTIMIZATION ..ottt ettt ste sttt e e taesnaeasteesnaeesaesnaeateennaeenneeananenseesn 13
Matteo Nicolich

MODEL-BASED SYSTEMS ENGINEERING AT ARGONNE NATIONAL LABORATORY ....ccocevveiievieeieeeinnn 14
Larry Michaels

SYSTEM LEVEL BATTERY SIMULATION BASED ON FINITE ELEMENT MODELS..........cccooiveviiiiiecieeees 18

Lucas Kostetzer, Evgeny Rudnyi

NEW METHODS
A CHALLENGE TO THE NAFEMS SOFTWARE USERS COMMUNITY: WHAT IS THE NEXT

ADVANCE FORTHCOMING IN ENGINEERING? ......coiiiiiiiii ettt sttt 23
F.W. Palmieri

TECHNOLOGIES FOR THE CONSTRUCTION OF PARALLEL SIMULATION WORKFLOWS..........cccccvene. 28
Mark S. Shephard, Cameron W. Smith, Mark Beall

POLYHEDRAL FINITE ELEMENTS ..ottt bbb bbb 33

Mark Rashid, Andrew Baldwin, Alipasha Sadri

WHICH EQUATION SOLVER TECHNOLOGY SHOULD BE USED IN COMMERCIAL FINITE

ELEMENT SOFTWARE: DIRECT OR ITERATIVE? ..ottt 38
Vladimir Belsky

OPTIMIZATION

STUDY TO INVESTIGATE OPTIMAL STARTING POPULATION SIZE FOR EVOLUTIONARY

OPTIMIZATION ALGORITHIMS ...ttt et e e et e e et e e e st e e e e baeeeeateeesabeeeaabeaeeaaeeeesabaeesataaaeanns a7
Zhendan Xue, Saket Kansara, Sumeet Parashar

BIG DATA ANALYTICS FOR LARGE-SCALE SIMULATION ....ooiiiiii ettt 52
Peter Qian

OPTIMIZING VEHICLE HANDLING PERFORMANCE WITH DIRECT OPTIMIZATION AND

A HYBRID-ADAPTIVE STRATEGY ..ottt ettt et e e et e e e st e e e sttt e e e s ab e e e st e e e e s tba e e e sabeeesntaeeeaaeeas 56
Nate Chase

STOCHASTICS

STOCHASTICS CHALLENGE PROBLEM........coti ittt ettt s be et s ae e s e be e tneere e N/A
A. Karl

PROBABILISTIC AND ROBUST DESIGN

PIPELINE LATERAL BUCKLING RELIABILITY Lottt sttt 60
Kevin Hayes, Brian Duffy
USING CAE FOR A ROBUST PRODUCT DESIGN ......ccoiiiiiitiiiieieeeit ettt 65

Chris Wilkes, Andreas Vlahinos



ROBUST DESIGN AND PROBABILISITC METHODS TO SUPPORT THE GAS TURBINE

DEVELOPMENT PROGCESS..... .ottt sttt s et e et e st e te e smt e e ae e asee e sseeanteeseeesteeaneeanteeasaeeaeesnseenseeaneees 81
A. Karl, Girish Modgil, Jeff Stillinger
DESIGN PROCESS FOR DURABILITY OF ELECTRIC VEHICLE’S POWER ELECTRONICS..........ccccveeen. 87

Andreas Vlahinos

MANUFACTURING / SIMULATION

DIGITAL CHARACTERIZATION OF DECOUPLED INJECTION MOLDING PROCESS FOR

COMPRESSOR VALVE SEALING ELEMENTS ....ooiiiiiiiiiei ettt ettt sttt bt nne bt nne e 88
Jeet Sengupta, Bill McDonald, Kevin Martin, Mark Ellis

ROLE OF VIRTUAL MODELING TO DEVELOP BETTERENGINEERED PLASTIC

CONTAINERS. . bbb h e bt E e e b e b e bt b e e b eh b oAbt e b e e bt e bt e bt e b bt bt e hb e bt e b e e b abe e b e nbeen 95
Sumit Mukherjee
CATCHING UP WITH MANUFACTURING. ... .ottt ettt sbe et s e sbe e sbeesnesneennenne e 99

William Brothers

ADDRESSING MANUFACTURING, PROGRESSIVE FAILURE AND RELIABILITY

CHALLENGES OF COMPOSITE PARTS ...ttt sttt sb ettt sb ettt e b e sseebesae e b nns 106
Abhishek Trivedi, Matthew Jaworski, Dan Milligan

VALIDATION

SOFTWARE INFRASTRUCTURE REQUIREMENTS TO SUPPORT SIMULATION

GOVERNANCE ...ttt bbbt s ekt e st e ek £ e A e ookt e R b e e H £ e s b e ke em b e eb £ e s b e b e e n b e nb e e ke e b e e n b e nb e e s b e nbeenbenbeenes 110
Ricardo L. Actis, Barna A. Szab6

THE USE OF DIGITAL IMAGE CORRELATION (DIC) AND STRAIN GAUGES TO VALIDATE

STIMIULATION L.ttt bbbt h bbb H e st e b e R Rt bbbttt e bt e bbb et e e bt et 115
Jennifer Borshoff, Daniel Roy, Brian Croop

THE INFLUENCE OF NONUNIFORMITY VELOCITY PROFILE AT THE INLET IN CYCLONE

SEIMULATIONS .ttt bbbtttk a bt e bt e s et b e e s b e A E £ 21 e e R e e R b e e E £ 2R e e eE £ eR b e Ah £ e e e e b e e m b e she e bt ebeen b e nbeesnenbeennenreenes 119
R.B. Medeiros, K. Ropelato, G. Aliatti, N.C. Jonasson Jr., E.F. Sandes

PLENARY

THE CHANGING ROLE OF SIMULATION ...ttt ettt ettt e st e e st e e s ta e e e e aa e e e sabaeesntneaeenans N/A
Joe Walsh

A FRAMEWORK FOR DEVELOPING PROFESSIONAL SIMULATION ENGINEERS: PSE ..........ccoeeviiie. 125
Jim Wood

EXPLOITING CLOUD COMPUTING

“CLOUDY WITH A CHANCE OF ...?” (WITH APOLOGIES TO JUDI BARRETT) ...ccoeiiiiiiicrceececee 129
Dennis Nagy

WEB-BASED ENGINEERING APPLICATIONS ...ttt ettt ettt e e st e e s tae e e e eaee e e eareaeenes 132
Michael M. Tiller

UTILIZING CLOUD HPC RESOURCES FOR CAE SIMULATIONS .....oooiiiece ettt 135

llea Graedel, Joris Poort

COMPLETE SIMULATION LIFECYCLE ON THE CLOUD FOR MANUFACTURING

SIMULATIONS: ADVANTAGES AND PITFALLS ... .ottt sttt e s snaeesteesnnaenne 141
Ravi Kunju, Venkat Parameshwaran

SHAPE OPTIMIZATION FOR A SPORTSCAR AIRFOIL WITH ON-DEMAND AMAZON EC2

COMPUTING, OPENFOAM, AND OPTIMUS ...ttt ettt sree st e snaeenteesneaennaeaneeesnaennnaenes 152
Barrett Taylor Newill

OPEN SOURCE

LEVERAGING OPEN SOURCE TO ENHANCE YOUR SOFTWARE TOOLBOX........ccccocieiiiieeiiee e 154
Chris Pieper

VALIDATION OF A NOVEL CAE SOFTWARE SUITE AGAINST AN EXTENSIVE DATASET

OF AUTOMOTIVE AERODYNAMICS TEST CASES. . ...ttt ettt et e et eate e sraa e 158
A. Lock, T. Johansen, P. Geremia, E. de Villiers




NEW METHODS

THE PARADIGM SHIFT TOWARD PREDICTIVE CFD ..ottt ettt 162
Robert Kaczmarek
GENERATION OF GEOMETRIC MODELS AND MESHES FROM SEGMENTED IMAGE DATA................... 166

Ottmar Klaas, Mark Beall, Mark S. Shephard

HP

SPEEDING-UP IMPLICIT STRUCTURAL COMPUTATIONS ON DISTRIBUTED

ARCHITECTURES — CURRENT IMPLEMENTATION AND CHALLENGES .........cccooiiiiii e 170
Yong Cheng Liu

HIGH PERFORMANCE MODAL ANALYSIS ON HYBRID CPU-GPU SYSTEMS ..o 173
Ben-Shan Liao, Wei Zhang, Leonard Hoffnung

ADVANCES IN ELECTROMAGNETIC MODELING.......c.ooii ittt sae et e e e 177

David Farnia, Tetstuo Ogawa, Dheeraj Bobba
THE DESIGN OF IMMERSIVE VISUALIZATION FACILITIES AT THE UNIVERSITY OF

Nikhil J. Shetty

EATIGUE

IMPROVED METHODS OF (FREQUENCY DOMAIN) FATIGUE CALCULATIONS FOR

AUTOMOTIVE SYSTEMS ... bbbt bbbt e b a e s bt e e b e st e bt be e b e e e bt nre e 187
Neil Bishop, Trent Meehan, Dan Schlesinger, Karl Sweitzer

SYSTEM LEVEL POWERTRAIN COOLING, FATIGUE AND DURABILITY ANALYSIS VIA

MULTIPHYSICS CO-SIMULATION ...ttt sttt st bbbt sb e s b e e ae s be e b e sb e e e e sbe e b e nbeeseeanean 195
Stuart A. Walker

IMPACT

AN APPROACH FOR MEASURING AND MODELING OF PLASTIC DEFORMATION OF

METALLIC PLATES DURING HIGH VELOCITY IMPACT ..ottt 200
Mohamed B. Trabia, Brendan J. O’Toole, Shawoon K. Roy, Deepak S. Somasoundarum, Richard Jennings,
Melissa Matthes, Robert S. Hixson, Steven Becker, Edward Daykin, Michael Pena, Eric Machorro

A FAST DROP TEST SIMULATION USING COROTATIONAL FORMULATION .....cccciiiiiieiiincnieeeecsieanene 205
Ravi Burla, Yuri Kizimovich, Jaesung Eom

INTEGRATION

ANALYSIS LED DESIGN AT CUMMINS INC. ...ttt sttt sttt sbe bbbt en 211
Bob Tickel

CAE GEOMETRY: ENGINEERING MODELS SUPPORTING FUTURE INTEGRATED,

AUTOMATED SIMULATION ...ttt bbb bbb e e s e bt b s e b e e hb e nb e e be e besnbenbeeneea 215
Tom Cashman, Mark Gammon, Geoffrey Butlin, Andrew Chinn

MAXIMIZING THE BUSINESS IMPACT OF SIMULATION WITH PROCESS ASSESSMENTS. ........ccccceveeee. 220
Vince Adams

USER-CENTRIC ADAPTATION IN INTERACTION FOR IMMERSIVE SIMULATIONS........cccoiviininieieen 227
Amy Banic

COMPOSITES

A PLATFORM ORIENTED APPROACH TO MATERIAL MODELING AS ENABLER FOR
INTEGRATIVE SIMULATIONS. ...ttt ettt e e e s et e e ste e s e aste e st aeeteessteenteeaseeesseeanseensenenteesnseanseennnees 229
Robert Schmitz, Jan Seyfarth, Roger Assaker

NEXT GENERATION MATERIAL SYSTEM REQUIREMENTS......ccooiiii e 232
Leo Kilfoy

ACOQUSTICS

FEA CHALLENGES AND LESSONS LEARNED IN ANALYSING ENGINE VIBRATION
RELATED NOISE (EVRN) ON COMMERCIAL AIRPLANE PROGRAMS ..ot 242
Hamid Jamshidiat, Parminder Singh



ADVANCED SIMULATION TECHNOLOGIES FOR ELECTRIC MOTOR NOISE PREDICTIONS. ................. 247
B. Karthik, Marilyn Tomlin

PLENARY

AUTOMATED GEOMETRY SIMPLIFICATION IN APLM ENVIRONMENT ........cooiiiiiieeeec e N/A
Daniel Mason

JET ENGINE AND AIRCRAFT INTEGRATION CHALLENGES. ...ttt 252

Charles H. Roche

SIMULATION PROCESS AND DATA MANAGEMENT

DEMOCRATIZING CAE AND SPDIM .....oiiiiiiiiiii sttt a bbbt n e bbb neane s 258
Glenn Valine, Jeffrey Wohlschlegel
EXPLORING SD&PM USAGE FOR WORK-IN-PROGCESS ..ot 262

Robert Deragisch, Rodney Dreisbach, Joe Walsh

SYSTEMS SIMULATION 2
AUTOMOTIVE POWERTRAIN NVH (NOISE, VIBRATION & HARSHNESS) EVALUATION

LEVERAGING CO-SIMULATION ...ttt sttt et e e esnteesteeetaesseeasteeasaeesaeesnseesseeasteesneeanseessenesseesnseenses 263
Mario Felice, Jack Liu, Michael Collingridge, Yousef Bahramzadeh, Wulong Sun

ADVANCES IN REAL TIME SYSTEM SIMULATION .....ooiiiiiiie ettt sve et sas e naaesnae et esnvaennee e 267
Robert Solomon

MULTIPHYSICS SIMUALTION BASED APROACH FOR CONTROL SYSTEM DESIGN........cccocvvininiinienenn 269

Tony Karam, Lucas Kostetzer

PLENARY

PANEL DISCUSSION ON CONFERENCE FINDINGS.........cooiiii ittt ettt ettt e sbae e enaae e N/A
Moderator: Chad Jackson

COUPLED ANALYSES & MULTIPHYSICS 1

FAST VOLUME AND SURFACE MAPPING BETWEEN SIMULATIONS FOR ONE-WAY FSl......cccccoovnenen. 271
Jaesung Eom, Sam Murgie, Ravi Burla

A METHOD FOR FULLY COUPLED SIMULATION OF NONLINEAR FLEXIBLE MULTI-

BODY SYSTEMS ..ttt bbb e bbb b b e bt e h b e e bbbt b ettt b e bbb et et n s 275
Sukhpreet Singh Sandhu, Weixin Shen, Michael Collingridge, Hemant Patel

COUPLED ANALYSES & MULTIPHYSICS 2
INVESTIGATION OF BLADE DAMPING OF THE NASA ROTOR 67 USING COUPLED

STRUCTURAL AND COMPUTATIONAL FLUID DYNAMICS SIMULATIONS ......cooiiiieecee et 281
Sunil Patil
CAE DRIVEN DEVELOPMENT OF SEMICONDUCTOR PROCESSING REACTORS......c.ccoovviieiiieevieee e 287

Umesh Kelkar

THERMO-MECHANICAL 3D MODELING OF DEEP GEOLOGICAL STRUCTURES USED FOR

BT ST I = T 1S = 1 7 A IS 288
S. Heusermann, S. Fahland, P. Vogel, R. Eickemeier

Author Index





