37th International Deep Drawing
Research Group Conference
(IDDRG 2018)

Forming of High Performance Sheet
Materials and Components

IOP Conference Series: Materials Science and Engineering
Volume 418

Waterloo, Canada
3-7June 2018

Part 1 of 2

Editors:

Michael Worswick
Cliff Butcher
Alexander Bardelcik

ISBN: 978-1-5108-7197-7
ISSN: 1757-8981



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© (2018) by the Institute of Physics
All rights reserved. The material featured in this book is subject to
IOP copyright protection, unless otherwise indicated.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact the Institute of Physics
at the address below.

Institute of Physics

Dirac House, Temple Back
Bristol BS1 6BE UK

Phone: 44117 929 7481
Fax: 44117920 0979

techtracking@iop.orq

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

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

Fax: 845-758-2633

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



TABLE OF CONTENTS

PART 1

ADVANCED HIGH STRENGTH STEELS

DYNAMIC STRAIN AGING BEHAVIOR IN DUAL PHASE AND MULTIPHASE HIGH

STRENGTH STEELS ...ttt b e bbbt b et b e bt e bt e b e E e e ke eh e et e e b e e n b e eb e e bt e bbenbe e bt e nbeebeenbenree e 1
J Hu, K S Raghavan

CRYSTAL PLASTICITY BASED TRANSFORMATION INDUCED PLASTICITY

FORMULATION FOR PREDICTIONS OF FORMING LIMIT DIAGRAMS. ... 10
P Zhang, Cp Kohar, A Brahme, S-H Choi, Rk Mishra, K Inal

DEVELOPMENT OF HIGH STRENGTH STEELS WITH HIGH PRESS FORMABILITY AND

FATIGUE PROPERTY .ttt b ekt b e b e bt s bt e o bt h e e b e e bt e bt e R e e bt e bt e bt e b e et e e beeneesbeennesneenes 19
H Shuto, Y Ito, D Maeda, T Yokoi

EFFECTS OF AUSTENITE STABILITY ON FORMING AND WORK HARDENING BEHAVIOR

OF 1.2 GPA GENS AHSS ...t h bbbttt h bt b e bbbttt e bt bbbt st b et eb e b 25
Constantin Chiriac, Raj Sohmshetty, Jason Balzer, Todd Mueller, Jong Doo Ju

EFFECT OF AL ADDITION ON THE FORMABILITY OF UNCOATED COMMERCIAL DUAL

PHASE 1180 STEEL PRODUCTS ...ttt bbbt bbb bbbt btk e b bt e et e nne e 34
S. Sriram, G. Huang, N. Pottore, H. Ghassemi-Armaki

INTERPRETATION OF THE ABNORMAL HIGH-TEMPERATURE FLOW BEHAVIOR OF FE-

MN-AL DUPLEX LIGHTWEIGHT STEEL......ooiiiiiie ettt 43
Lixiong Xu, Huibin Wu, Yinli Chen

PRESS HARDENED STEELS

INFLUENCE OF PROCESS PARAMETERS ON THE HOT STAMPING OF CARBON-

MARTENSITIC CHROMIUM STEEL SHEETS ... ..ottt ettt et e e s eaaa e e sbae e e nataaesnreas 54
B.-A. Behrens, S. Hiibner, C. Sunderkétter, L. Gebel, S. GnaR, G. Berndt, C. Trimborn, C. Pfeffer

FROM BLANK TO FRACTURED COMPONENT: NUMERICAL AND EXPERIMENTAL

RESULTS OF A LABORATORY SCALE COMPONENT .....coooiiitiitie ittt sttt sre e sraesae e taesae e sanesnneesrae s 62
Stefan Marth, Stefan Golling, Rickard Ostlund, Mats Oldenburg

MICROSTRUCTURE CHARACTERIZATION OF CU-RICH B2 INTERMETALLIC

NANOPRECIPITATES IN AN AUSTENITE-BASED HIGH SPECIFIC STRENGTH STEEL .......c.ccoociiieinnn. 70
Q He, ZZ Zhao, J H Liang, J T Liang, D Tang
INTERCRITICAL ANNEALING OF 22MNB5 FOR HOT FORMING DIE QUENCHING..........cccoeviiiieeciie e, 77

Haotian Yan, Massimo Di Ciano, Mohit Verma, Kyle J. Daun

FORMABILITY STUDIES ON 22MNB5 STEEL DURING HOT STAMPING PROCESS

CONDITIONS .ttt b bt bbbt bt bbb e h e b e bbb e b e st e b2 e bt e bt A b e bbbt e it eb e bbb e et nbeare e 84
Veerangana Sarawagi, Sudhanshu Narkhede, Amarjeet Kumar Singh, K. Narasimhan

COMPENSATION FOR TOOL DEFORMATION AND EXPANSION IN VIRTUAL TRY-OUTS

OF HOT STAMPING TOOLS. ...ttt bbbt e s bt b e e bt e h e skt e b e e bt e he e nbeebe e bt ebeenbe e b e e nbeaneenreareens 92
Lars Penter, Steffen Ihlenfeldt, Norbert Pierschel

NEW APPROACHES TO THERMAL TOOL PERFORMANCE, COOLING AND MACHINING

STRATEGY: THE STRONGLY CORRELATED TRIPLE THAT DETERMINES THE COST

EFFECTIVENESS OF THE PROGCESS .....ooo oottt ettt ettt ettt e e sbe e st e e te e s aaeebe e saeeesbeesnbeeneesnnas 100
| Valls, A Hamasaiid, A Padré
IMPACT OF FLOW CONDITIONS IN COOLING CHANNELS ON THERMAL CYCLING..........ccoccevviveiinnnn 108

Kannan Kidambi, Thomas Brenne, Michael Dirring

EVOLUTION OF AL-SI COATING MICROSTRUCTURE DURING HEAT-TREATMENT OF

1] [ =10 = el 110 o TR 117
| Yakubtsov, R Sohmshetty

MINIMIZING THE CYCLE TIME OF A ROLLER HEARTH FURNACE FOR HOT-FORMING

DIE-QUENCHING. ... .coitiiii ittt sttt b s e bt st e eb e e s b e sb e e bt e ke e R b e Akt e b e e b e eh b e eb e e s e e ekt e ab e s bt e st e ek e enbenbeebeenbeanean 124
Mohit Verma, Massimo Di Ciano, J. Richard Culham, Cyrus Yau, Kyle J. Daun



ADVANCED DESIGN FOR CONTINUOUS ROLLER FURNACE FOR HOT FORMING LINE..........c.ccccue... 132
B Dvorak, J J Tawk, T Vit

WARM FORMING

FORMABILITY ENHANCEMENT OF EN AW-5182 H18 ALUMINUM ALLOY SHEET METAL

PARTS IN A FLASH FORMING PROCESS: TESTING, CALIBRATION AND EVALUATION OF

FRACTURE MODELS ... .ottt ettt e st e te e s st e e te e e st e e s aeesabe e teeeseeesaseenteeaseeesteesnseeteeanaeeneennneanees 140
A A Camberg, F Bohner, J Télle, A Schneidt, S Meiners, T Troster

AN EXPERIMENTAL AND NUMERICAL INVESTIGATION OF NON-ISOTHERMAL CUP

DRAWING OF A 7XXX-T76 ALUMINUM ALLOY SHEET ...ttt s 148
J Noder, A Abedini, T Rahmaan, S Dicecco, C Butcher, M Worswick

THE INFLUENCE OF WARM FORMING CONDITIONS ON THE NATURAL AGING AND

SPRINGBACK OF A 6016-T4 ALUMINUM ALLOY ...oooiiiitiie sttt se e e e sneessaeestaesnaaennaesneeessaesnseenes 158
H. Laurent, V. M. Simdes, M. C. Oliveira, L. F. Menezes

MODELLING OF THE PRE-STRAIN DEPENDENT AGE HARDENING RESPONSE IN AA6000

SERIES ALUMINIUM ALLOYS ... oottt sttt e tte et e e ste e st e e te e e st e e s st e aabe e taeesteesaseanbeessaeeseesnseeneeanees 166
Sebastijan Jurendic, Zegin Liang, Maude Fumeaux, Richard Burrows

THERMO-MECHANICAL MATERIAL CHARACTERIZATION AND STRETCH-BEND

FORIMING OF AABDLS .....oeeiueiiiieeiiieeteesteeeieesiessteesteeesteessteateesseeesteessbeesbesaseeesseeanseesbeeasteesseeanbeesbeeesteesnseenbeeanaeesneennreanees 174
Eva-Lis Odenberger, Lluis Pérez Caro, Hans Ahlin, Mats Oldenburg

MASS PRODUCTION-LINE AND PROCESS ROUTE TO ENABLE THE USE OF HIGH

STRENGTH ALUMINIUM ALLOY MATERIALS IN CAR BODY ENGINEERING..........ccccoiveiieveeeecie e 182
Gerald Anyasodor, Christian Koroschetz

FAILURE PREDICTIONS IN WARM FORMING OF 7075-T6 ALUMINUM STRUCTURAL

T Feister, H Kim, A Gwinn, T Schiller, M Austin

A STUDY ON FORMING PROCESS OF AA5083 ALLOY WITH AN INFRARED LOCAL HEAT

TREATIMENT ittt et e e e e e e e et et e s bee e e shteeeesabeeesabeeeeaseeeeeasbeeeaabeeeeasseeeeabeeeaabeeeeassaeeebbeeeanteeesnseeas 197
Eun-Ho Lee, Sejin Ko

DEEP DRAWING PARAMETERS AND CHARACTERISTICS FOR THE HOT FORMING OF

A ATOTD ettt e et e e et e e e et et e e et—eeeetteeeabeeeaateeeeatteeeiteteaatteeeatteeeibeeeaateeeeaatteeeabeeeaateeeeaateeeabeeeareeeaane 205
Kaab Omer, Clifford Butcher, Shahrzad Esmaeili, Michael Worswick
FORMABILITY OF 7000 ALUMINUM ALLOYS IN WARM AND HOT FORMING CONDITION.........ceueeeu. 212

B-A Behrens, S Hiibner, H Vogt

INVESTIGATING THE QUENCH SENSITIVITY OF HIGH STRENGTH AA6082 ALUMINIUM

ALLOY DURING THE NEW FAST FORMING PROGCESS ........ccooiiiiiiiieiie e 220
Qunli Zhang, Xi Luan, Saksham Dhawan, Denis J. Politis, Zhaoheng Cai, Liliang Wang

COMPARISON OF DRAWABILITY BETWEEN WARM FORMING AND COLD FORMING OF

ALUMINUM BXXX ALLOYS .ttt sttt h et b e b e s bt e e e e bt e a b e sb e e he e b e e R b e s bt e b e e b e emeenbeebeebeanbenneareens 226
Hyunok Kim, Ryan Hahnlen, Tom Feister, Vijay Tunga

WARM FORMING RESPONSE OF ZEK100 SHEET OBTAINED UNDER BIAXIAL

STRETCHING WITH FULL-FIELD DISPLACEMENT MEASUREMENTS......cccoiiiiiiiienseeeee e 234
Bruce W. Williams, Jonathan McKinley, Kevin P. Boyle, Lucian Blaga, Srihari Kurukuri, Michael J. Worswick
CYLINDRICAL CUP DEEP DRAWING OF ZEK100 SHEET AT ELEVATED TEMPERATURES.................... 242

S Kurukuri, M Boba, C Butcher, M J Worswick, R Mishra
STANDARD AND STRAIN PATH CHANGE FORMING LIMIT DIAGRAMS OF AZ31B

MAGNESIUM SHEET AT ELEVATED TEMPERATURES ........o ettt 250
Guowei Zhou, Mukesh K. Jain, D. Li, R. S. Mishra
HIGH STRENGTH ALUMINUM ALLOYS IN CAR MANUFACTURING. ......cccciitie ettt 257

M Tisza, Zs Lukacs
HIGH TEMPERATURE CHARACTERIZATION AND MATERIAL MODEL CALIBRATION

FOR HOT STAMPING OF AA7075 ALUMINIUM SHEET ......ooiii ettt ettt 265
G D' Amours, A llinich
LIMIT STRAIN CHARACTERIZATION IN AN ALUMINUM DIE-QUENCHING PROCESS.......c...ccceevevvrnee. 273

S. Dicecco, M. Di Ciano, C. Butcher, M. Worswick

ADVANCES IN FEM SIMULATION OF HFQ® AA6082 TAILOR WELDED BLANKS FOR
AUTOMOTIVE APPLICATIONS ...ttt ettt te e e et e st e ta e st e e ta e e see e s baeaabeesteeesteesseeanbeeanaeesseesneeennes 282
Mohamed Mohamed, David Norman, Aura Petre, Federico Melotti, Damian Szegda



FORMABILITY

A SIMPLIFIED STRESS-BASED FORMING LIMIT CRITERION FOR ADVANCED HIGH

STRENGTH STEEL (AHSS) ...ttt ettt ettt be e et e e m e e b e e R e ebese et e eeem e e s e e st abesbesbese e b e e eneareaee 290
B M Hance, L Huang

A NUMERICAL APPROACH TO EVALUATE ROUGHNESS EFFECTS ON LOCALIZATION

AND DAMAGE IN SHEET MATERIALS ...ttt ettt e e st e e e tte e e st e e e sabe e e s etaeeesbaeeaeareeeannes 300
S Minstermann, P Wechsuwanmanee, W Liu, J Lian

DEVELOPMENT OF A NEW INDEX TO DEPICT THE TOTAL FORMING CAPACITY OF

SHEET MET ALS ...ttt e st e e s e bt e e e et bt e e e sataeeaatbeeeeabeeesabaee e tbeeeebbeeeaabeeeeasseeeeabaeeanteeestnaeeas 308
L Huang, M F Shi

UNDERSTANDING THE FLC PREDICTION THANKS TO FINE SIMULATION WITH

DAMAGE MODELISATION ..ottt e ettt e e st e e e ebte e e e bt e e e sabeeeaabaseeesabeeesabeeeabssaeasteeesabeeeaasenaaanes 318
Quentin Chichery, Patrick Duroux, Xavier Bellut

APPLICATION OF AN ADVANCED NECKING CRITERION FOR NONLINEAR STRAIN

PATHS TO A COMPLEX SHEET METAL FORMING COMPONENT .......ooiiiitcee e 327
Klaus Drotleff, Mathias Liewald
STRAIN PATH CHANGES IN REVERSE REDRAWING OF DP STEELS ......cccoi oo 336

Diane Herault, Sandrine Thuillier, Pierre-Yves Manach, Jean-Louis Duval

FORMABILITY IMPROVEMENTS OF DP 1180 SUBJECTED TO CONTINUOUS-BENDING-

UNDER-TENSION ...ttt ettt e ettt e e e bt e e e e bt e e e sabeeeaabeeeeebeeeesabaeeabeseeasseeeesabeseasbaaeassteeesabeeeanbenaanes 344
Camille Poulin, Yannis P. Korkolis, Brad L. Kinsey, Marko Knezevic

A FAILURE MODEL FOR NON-PROPORTIONAL LOADING UNDER PLANE STRESS

CONDITION BASED ON GFLC IN COMPARISON TO EMMFC AND PEPS.......oooiii e 353
H Hippke, B Berisha, P Hora

PREDICTION OF SHEET METAL FORMING LIMITS IN MULTISTAGE FORMING

PROGCESSES ...t e e e ettt e st et e e e tte e e e bbe e e aabee e e beeeeasaeeeeaabee e e teeeeasbbeeeaabeeeaabbeeeasbreeesabeeeateeeeanes 361
M Nurcheshmeh, D Green, C Byrne, A Habib

APPLICATION OF NON-UNIFORM STRETCH FLANGING THEORY TO EDGE-CRACK-

PREVENTION PRODUCT DESIGN ... ..ottt ettt e e ett e e et e e e s te e e s abte e e ebte e e sabeeeabbaaeaateeesabeeeabenaaanes 369
R Tabata, J Nitta, S Yonemura, M Mizumura, S Hiwatashi

METALLOGRAPHIC ANALYSIS OF FAILURE MECHANISMS DURING NAKAJIMA TESTS

FOR THE EVALUATION OF FORMING LIMITS ON A DUAL-PHASE STEEL ......cooviiiiiiiicccee 377
Emanuela Affronti, Mario Weidinger, Marion Merklein

DAMAGE EVOLUTION IN NAKAJIMA TESTS OF DP800 DUAL PHASE STEEL ......ccccoveiiiiiiiicenieeeen 385
T Bergs, M Nick, D Trauth, F Klocke

DEVELOPMENT OF NOVEL FORMING LIMIT CURVE TESTING METHOD ........cccociiiiiiiiiiieeeeeeiee 391
Z Deng, J P McGuire

PLASTIC INSTABILITIES IN AA5754-O UNDER VARIOUS STRESS STATES. ..ot 398

Yong Hou, Junying Min, Jianping Lin, John E. Carsley, Thomas B. Stoughton
DETERMINATION OF FORMING LIMIT FOR ALUMINIUM ALLOY SHEET ELIMINATING
THE INTERFERENCES OF THROUGH-THICKNESS STRESS AND NON-LINEAR STRAIN

LN I T T TP PP T TP TP PP PP PR PRSP 406
Zhu Chen, Gang Fang

EXPERIMENTAL INVESTIGATION OF FORMING LIMIT CURVE FOR AA5754-0O .....ccccoooiiiiniienieeenee 414
W N Yuan, M Wan, X D Wu

STAKES AND SOLUTIONS FOR IN-PLANE SHEET-METAL FORMABILITY ASSESSMENT ........cccccciinene 422

J Goncalves, G Jotz, F Huet

DETERMINATION AND APPLICATION OF FORMING LIMIT DIAGRAM OF ALUMINIUM

ALLOY 5083 SHEET ..ottt bbb bbb e bt bt bt s e bt e bt bt et b e et e bt e bt eb e st e b e st nbeane 430
Gang Fang, Jia-Qing Zhao, Qian Wang

EFFECT OF TEMPERATURE AND DEFORMATION SPEED ON FORMABILITY OF IN718

SHEETS: EXPERIMENTATION AND MODELLING ....cciiiiiiiteeeee ettt 438
K. S. Prasad, S. K. Panda, S. K. Kar, S. K. Singh, S. V. S. N. Murty, S. C. Sharma

NUMERICAL AND EXPERIMENTAL INVESTIGATION FOR FORMABILITY OF FRICTION

STIR WELDED DISSIMILAR ALUMINUM ALLOYS ...ttt sttt sbe et st ne b i e 446
W Noh, J H Song, | J Jang, S H Gwak, C Kim, C Y Jung



EDGE FORMABILITY

MECHANISM OF FRACTURE IN SHEET METAL CUTTING PROCESSES AND ITS EFFECT

ON SHEARED EDGE STRETCHABILITY oottt e ettt e st e e et e s e eat e e e s bt e e e eaae e e staeeesataeeaas 452
S F Golovashchenko, N Wang, S Nasheralahkami, N A Reinberg, W Zhou

NUMERICAL QUANTIFICATION OF DAMAGE ACCUMULATION RESULTING FROM

BLANKING IN MULTI-PHASE STEEL ..ottt ettt e vt e e e e tae e s sate e e e eabeeesnbaeesaabaeeennes 460
N Habibi, F Putz, M Kénemann, V Brinnel, S Minstermann, M Feistle, W Volk

EVALUATION OF THE FEASIBILITY OF THE HOLE-FLANGING PROCESS USING A

MULTIPLE CRITERIA METHOD ...ttt ettt st e e s bt e e e e bt e e e s ab e e e s bb e e e saareeesabeeeabaeaennes 468
André Maillard, Mohamed Rachik, Hédi Sfar, Pierrick Schreiber

IMPORTANCE OF HOLE PUNCHING CONDITIONS DURING HOLE EXPANSION TEST ......ccoovieviiieeiiee. 476
J Goncalves

INFLUENCE OF CUTTING TOOL STIFFNESS ON EDGE FORMABILITY L.viiiiiiii et 484

E. Levin, P. Larour, M. Heuse, D. Staupendahl, T. Clausmeyer, A. E. Tekkaya
TRIM DIE DAMAGE AND ""SELF-RECONDITIONING" EFFECT ON TRIMMED EDGE OF

SHEET METAL BLANKS ..ottt sttt bbb b4 a1t ekt e s e s b4 e b e been b e s bt e s b e s b e e st e s bt e s beebe et e sbeenes 492
Ameer Al-Shawk, Xin Wu, Qingyu Yang

A STUDY ON THE PUNCH SHAPE FOR IMPROVING TOOL LIFE IN SHEARING AHSS.........ccccoocvivieiiee, 500
Hyoun Young Lee, Jong Youn Park

SAMPLE EDGE EFFECTS ON TENSILE PROPERTIES AND SHEET FORMABILITY ..ccoooiiieiieveceece e 508
B Goshert, O R Terrazas, D K Matlock, C J Van Tyne

EFFECT OF EDGE QUALITY ON FORMABILITY OF AN AA6XXX ALUMINUM ALLOY ......ccccvvevevvecene, 516

H Cestoni, D Anderson

PART 2

EVALUATION OF WEAR-INDUCED PLASTIC DEFORMATION AT THE TRIMMED EDGE OF

DPO80 STEEL SHEETS. ... .ottt ettt e st e st e et e e st e e s bt e eabeeateeesteesateenteesseeesteesaeeenneeenneesaeenneeenres 524
Z Cui, S Bhattacharya, D E Green, A T Alpas

TOPOLOGICAL CHARACTERIZATION OF MACHINED EDGES PREPARED BY DIFFERENT

CUTTING METHODS, AND EDGE EVOLUTION IN TENSILE DEFORMATION .....ccccoiiiiiiieiie e 532
Ameer Al-Shawk, Pengyan Lu, Pawan Vedanti, Xin Wu

BURR FORMATION AND SHEAR STRAIN FIELD EVOLUTION STUDIES DURING SHEET

LAY I = A N 3 )L SRS 539
Jyotiranjan Barik, Vijayalaxmi Sonkamble, K Narasimhan

STUDY OF TRIMMING BEHAVIOR OF AUTOMOTIVE AZ31 AND ZEK100 SHEET

IMMATERIALS ..ottt b et e b1t b e e st e ke84 e ke a8 e bt o8 e b e 4R b e b e e R4 e b e e R b e b e e s b e e bt e nb e s b e e st e e b e e ne e b e n b e e beanen 547
Peng Zhang, Mukesh K. Jain, R. K. Mishra

DETERMINATION OF THE MINIMUM POSSIBLE DAMAGE DUE TO SHEAR CUTTING

USING A MULTI-STAGE SHEAR CUTTING PROGCESS .......ooiiiiiiieete sttt nnee s 555
| Paetzold, M Feistle, R Golle, W Volk, A Frehn, R llskens

MAXIMIZING THE EXPANSION RATIO THROUGH MULTI-STAGE SHEAR-CUTTING

PROCESS DURING COLLAR FORMING .....ccctiiiiieiee sttt ettt ae et snae e staesnaaenaaesnaaenneesnseannaeaneas 563
M Feistle, | Patzold, R Golle, W Volk, A Frehn, R llskens

A PRACTICAL METHODOLOGY TO EVALUATE AND PREDICT EDGE CRACKING FOR

ADVANCED HIGH-STRENGTH STEEL......ccoiiiiiitiiiit ittt sttt sbe et sbe e sbeaneenee e 571
J. C. Gu, H. Kim, J. Dykeman, H. Shih

NUMERICAL INVESTIGATION OF PIERCING OF DP600 WITHIN A CRITICAL RANGE OF

SLANT ANGLE ...ttt e ettt e sa e e bt e s bee e bt e aa b e e beeeR e e e b e embe e beeasteean e e e abe e e b eeenbeenneeanbeeneeeenbee e 580
S. Senn, M. Liewald

FRACTURE

INFLUENCE OF SPECIMEN GEOMETRY ON MEASURES OF LOCAL FRACTURE STRAIN

OBTAINED FROM UNIAXIAL TENSILE TESTS OF AHSS SHEETS ... 588
L. Wagner, P. Larour

FRACTURE CHARACTERIZATION OF ZEK100 MAGNESIUM ALLOY SHEET UNDER

MONOTONIC AND NON-PROPORTIONAL LOADING HISTORIES. ...t 596
A. Abedini, C. Butcher, M. J. Worswick



BENDING ANGLE CORRECTION REGARDING SHEET THICKNESS .......ccooiiiiiiteee e 605
L. Durrenberger, P. Dietsch

DETERMINATION OF THE BENDABILITY OF DUCTILE MATERIALS ..ot 612
A. Kupke, M. Barnett, G. Luckey, M Weiss

FUNDAMENTAL DIFFERENCES BETWEEN FRACTURE BEHAVIOR OF THIN SHEETS

UNDER PLANE STRAIN BENDING AND TENSION ......ooiiiiiiiieiii e 621
Pb Woelke, Jg Londono, Lo Knoerr, J Dykeman, S Malcolm

PREDICTING SHEAR FRACTURE IN DEEP DRAWING: COMBINED YLD2000-3D AND

HOSFORD-COULOMB FRACTURE MODEL .....cooiiiiiiiiicnteese ettt sttt n b e snean 628
M B Goriji, D Mohr

FRACTURE CHARACTERIZATION OF AHSS USING TWO DIFFERENT EXPERIMENTAL

IVIETTHODS ...ttt bbbt e bt st b e e s ekt e s b e bt ea e e bt e h £ e b e e R b e A bt e b e e b e e R b e e b e e s b e eb e e n b e s be e bt e ke e nbenbeebeebeanean 638
G. Huang, K. Tihay, S. Sriram, B. Weber, P. Dietsch, D. Cornette

STRAIN RATE AND ORIENTATION EFFECTS ON FRACTURE STRAIN LIMITS IN

ADVANCED HIGH STRENGTH STEEL ......ooitiiiiiiie et nne e 648
K. S. Raghavan, J. Hu

FAILURE CHARACTERIZATION OF MULTI-ALLOY AND MULTI-GAUGE HOT-STAMPED

TAILOR-WELDED BLANKS ... etttk e e b e bt s bt e bt e be e b e e h e e ne e e b e et e sheeneeebeebesaeenneareen 656
Pedram Samadian, Mary A Wells, Michael J Worswick

HOLE EXPANSION RATIO IN INTERCRITICALLY ANNEALED QP 980/1180 STEEL GRADES

AS A FUNCTION OF TESTING CONDITION. .....cititiiieiiietisitsie sttt sttt sn s ane b ane 664
M Madrid, C J Van Tyne, S Sriram, E J Pavlina, J Hu, K D Clarke

CONSTITUTIVE MODELLING

ANALYSIS OF THE STRESS AND DIRECTIONAL DEPENDENT BAUSCHINGER-EFFECT OF
SHEET METALS ... oottt ettt s et s b e et e e s ae e et e e s hee e sbeesabe e beeeReeesbeesabe e beeesbeeaaeesabeeateeebeesaeeenbeestnennreenns 672
Martin Rosenschon, Marion Merklein

EXPERIMENTAL SETUP TO CHARACTERIZE FLOW-INDUCED ANISOTROPY OF SHEET

F Gutknecht, G Gerstein, H Traphoner, T Clausmeyer, F Nirnberger

HOW TO POST-PROCESS EXPERIMENTAL RESULTS FROM THE FLANGE BULGING

TEST? APPLICATION TO THE CHARACTERIZATION OF A ZINC ALLOY ..oooiiiiceeee e 688
N Boudeau, L Vitu, N Laforge, P Malécot, G Michel, M Milesi, S Manov

A NUMERICAL METHOD TO PREDICT THE RATE-SENSITIVE HARDENING BEHAVIOUR

OF SHEET MATERIALS USING UNIAXIAL AND BIAXIAL FLOW CURVES. .........cccooi e, 696
Iman Sari Sarraf, Daniel E Green
MICRO AND MACRO ANALYSIS OF ANISOTROPY OF AN AA3104 ALUMINUM ALLOY .....cccccevveviiineennns 705

D Anderson, B Raeisinia

PREDICTION OF DP600 AND TRIP780 YIELD LOCI USING YOSHIDA ANISOTROPIC YIELD

FUNGCTION L.ttt bbbt et bt h e e bt e s e ekt e R e e b e e b £ ek e 4R b e A bt e bt oAbt ehb e eb e e s b e ebeenb e nb e e bt e ke eneenbeebeebeanean 713
Iman Sari Sarraf, Daniel E Green

MEASUREMENT OF DIFFERENTIAL HARDENING UNDER BIAXIAL STRESS OF PURE

TITANIUM SHEET ..ottt b bbb bbbt b bt h ettt e e bt e bt e bt bbb et eane 724
Chiharu Nagano, Toshihiko Kuwabara, Yuta Shimada, Ryoji Kawamura

DRAWBEADS

ENABLING STAMPING PROCESSES THROUGH METICULOUS FE MODELLING -

SEGMENTED DRAWBEADS AND REMESH CRITERIA.......oo ettt sttt et e 732
Olavo C. Haase, Victor L. Silveira, Pedro M. A. Stemler, Ricardo A. M. Viana, Alisson S. Duarte

ON THE ACCURATE CHARACTERIZATION OF THE DRAWBEAD UP-LIFT FORCES...........ccooeiviiieiinn 741

I. Gil, L. Galdos, N. Otegi, J. Mendiguren, E. Saenz De Argandofia

TRIBOLOGY

FRICTION IN SHEET METAL FORMING SIMULATIONS: MODELLING OF NEW SHEET
METAL COATINGS AND LUBRICANTS ... .ottt ettt ettt et sste et e s raaennaesneeetaesneeeneesneeesseesnseanseeanees 747
M Sigvant, J Pilthammar, J Hol, J H Wiebenga, T Chezan, B Carleer, A H Van Den Boogaard



INFLUENCE OF DELTA PHASE MORPHOLOGY IN GALVANNEALED COATED STEELS ON

FORMABILITY ettt bbbt s et bt e s b e e b e e h e e eb e e R b e A b £ e h £ e b e SR b e A b e e R e e b e e Rb e eb e e R e ekt e mb e nbeeReeebeenrenbenbeebeanean
S. Sriram, V. Krishnardula, H. Hahn

TOOL TEXTURING FOR DEEP DRAWING APPLICATIONS.......oi ettt
J Hazrati, P Stein, P Kramer, A H Van Den Boogaard

ADVANCED TRIBOMECHANICAL MODELLING OF SHEET METAL FORMING FOR THE

AUTOMOTIVE INDUSTRY .ottt bbb bt h b e a b e bt e e bt e s e bt be e bt s b e b e nbeen
J Van Beeck, A R Chezan, T V Khandeparkar

PHENOMENOLOGICAL FRICTION MODEL IN DEEP DRAWING OF ALUMINUM SHEET

IVIET ALS ettt bbbt st he st e e b e e R e e R e oAb e AR e eR £ e R e SR b e AR £ SR £ e R £ oA R e AR £ SR e e R e oA R e eR e oA e e eRe e AR e Rt e R e e Rt e Re e b e e he e neanean
Daniel Wiklund, Mats Larsson

UNDERSTANDING THE SOURCE OF ACOUSTIC EMISSION SIGNALS DURING THE WEAR

OF STAMPING TOOLS.......co ittt bt h bbb e b e a e bt h e bbbt e bt bt bbbt e e st et
Vignesh V Shanbhag, Bernard F Rolfe, N Arunachalam, Michael P Pereira

INFLUENCE OF WEAR ON PARTICLE EMISSION IN ALUMINUM BLANKING ......ccccooiiiiiiiiiiee e
André Maillard, Benoit Boucaud

SCRATCH MODELING OF PAINT COATED SHEET METAL FOR MULTI-STAGE DEEP

DRAWING PROCESS ... ..ottt ettt b e h e s e e e b e e s b e nb £ e s e e b e e R b e s b £ e b e e b e eRb e eb e e he e ebeeab e s bt e he e ebeenbenbeesnenbeanean
J Kim, JW Yoon, B Lee, J Kim, J Park

SPRINGBACK

A NEW HYBRID BEAD WITH POST-STRETCHING METHOD TO EFFECTIVELY CONTROL

SPRING-BACK FOR ADVANCED HIGH STRENGTH STEEL .......cooiiiiii e see e
Yuegian (Victor) Jia, Chao Pu, Feng Zhu, Ken Schmid, Yu-Wei Wang

DETERMINATION OF VARIABLE E-MODULUS THROUGH WIPE BENDING TEST:

APPLICATION TO SPRINGBACK PREDICTION ...ttt ittt sttt st sbe st sbaesbe e esaesneansessenns
A Fallahiarezoodar, C Goertemiller, A Groseclose, T Altan

A PARAMETRIC STUDY OF SPRINGBACK FOR COMPENSATION STRATEGIES ...
Mehdi Paak, Hamed Zoghi, Stefan Huhn

A SPRINGBACK ENERGY BASED METHOD OF SPRINGBACK PREDICTION FOR COMPLEX

P O IO 11 L@ I Y A o SR
Kaiwei Jiang, Yong Hou, Jianping Lin, Junying Min

IMPROVING THE SPRINGBACK BEHAVIOR OF DEEP DRAWN PARTS BY MACRO-

STRUCTURED TOOLS ...ttt bbbtk e e st e s b4 a1 b e skt es b e sb e et e e be e s e s b e e s be s b e e st e s be e besbeenbesbeenes
Ali Mousavi, Alexander Brosius

EFFECT OF COINING ON SPRINGBACK BEHAVIOUR.......cociiiiitste ittt nnee s
M. Gosling, A. Guner, . Burchitz, T. Thilig, B. Carleer

OPTIMIZATION OF THE PROCESS ROBUSTNESS OF THE STAMPING OF COMPLEX BODY

PARTS WITH REGARD TO DIMENSIONAL ACCURALCY ..ottt see sttt sre et esae e snaesanesnae e enneeanes
A Birkert, B Hartmann, M Scholle, M Straub

ANALYSIS OF YIELD LOCUS DESCRIPTION ON SPRINGBACK BEHAVIOUR OF

CRT700Y 980T -DP STEEL......cceiiiiieiiitieie ittt sttt st e et e e e b e s e e ke e s e sb e e b e be e st e sb e e s b e s be e st e sbeebesbeenbesbeenes
M. Grubenmann, K. Barth, J. Heingértner, N. Manopulo, P. Hora, A. Torkabadi, T. Van Den Boogaard, H. Rdsen

FEM STRESS STATE ANALYSIS ON SPRINGBACK REDUCTION METHODS: VARIABLE

BLANK HOLDER FORCE AND STAKE BEAD .....ccoiiiiiiie sttt sttt st st snee e e steesnneenneeaneas
Victor L. Silveira, Olavo C. Haase, Pedro M. A. Stemler, Ricardo A. M. Viana, Alisson S. Duarte

PROCESSES

IMPLEMENTATION OF FEEDBACK CONTROL IN KITCHEN SINK PRODUCTION ......ccoovviiiiieiiccieenienn
P. Fischer, D. Harsch, J. Heingértner, Y. Renkci, P. Hora

INTRODUCTORY STUDY OF SHEET METAL FORMING SIMULATIONS TO EVALUATE

PROGCESS ROBUSTINESS.......ooiie ittt e st ste et e e et sseeesteesst e e teeaseeesseeanseeseeeseeeaneeenteesseeesteeanseanseennanesneeaneeanees
Sravan Tatipala, Johan Pilthammar, Mats Sigvant, Johan Wall, Christian M Johansson

IMPLEMENTATION OF A TRIBOLOGY-BASED PROCESS CONTROL SYSTEM FOR DEEP

DRAWING PROCESSES. ...ttt sttt ae s be et esbeastesbe e 1 e e a8 e asb e s be a8 e e ke es b e nbe e st e ebeenbesbe e b ee et e e nbenbaeraenbeaneen
J. Heingértner, D. Bonfanti, D. Harsch, F. Dietrich, P. Hora



CONSIDERING FLUCTUATIONS OF MATERIAL PROPERTIES, STAINLESS STEEL 1.4301,

ON MANUFACTURABILITY OF KITCHEN SINKS. ... ..ottt ettt et ettt e e eate e srea e 908
D Harsch, P Fischer, B Berisha, J Heingartner, Y Renkci, P Hora

EFFECT OF IMPACT HYDROFORMING LOADS ON THE FORMABILITY OF AA5A06 SHEET

S HZhang, Y Ma, Y Xu, AAEl-Aty, D Y Chen, Y L Shang, A | Pokrovsky
FORM-FIT JOINING BEHAVIOUR BETWEEN AN ALUMINIUM TUBE AND SHEET USING

ELECTROMAGNETIC FORMING ..ottt bbbt b e b s 923
Hyeonil Park, Jinwoo Lee, Se-Jong Kim, Youngseon Lee, Daeyong Kim

EFFICIENT SIMULATION OF IRONING PROCESS FOR DEEP DRAWN PARTS ..o 930
M. Gosling, A. Guner, I. Burchitz, Th. Thilig, B. Carleer

SHEET HYDROFORMING AND OTHER NEW POTENTIAL FORMING TECHNOLOGIES. ........c.cccoovviinine 936
T Maki, J Cheng

EXPERIMENTAL INVESTIGATION ON TUBE FLARING WITH AROTATING TOOL......ccccocvviniriinieienen 945
E M Mamros, C P Nikhare

AN INVESTIGATION ON SQUARE TUBE FORMING USING A REULEAUX TRIANGLE.........cccooiiininnns 955
Ryan J. Horstman, C P Nikhare

DEVELOPMENT OF A FOLDING TOOL FOR MIURI-STRUCTURES. .........cccoiiieee e 964

Matthias Schneider, Mathias Liewald

A HOLISTIC APPROACH TO LIGHTWEIGHT DESIGN OF MULTI-COMPONENT

GEARWHEELS ...ttt st s e et e e st e et be e s abe e be e e abe e sb e e eabe e beeesbeeaasesabeeateeebeesaeeenbeestnenbeenns 970
Tim Benkert, Maria Hiller, Wolfram Volk

MULTI-OBJECTIVE SHEET METAL FORMING SIMULATIONS USING A SOFTWARE

AGNOSTIC PLATFORM ...ttt et e e e et e e s ab e e s be e e e s abb e e e sabee e s baeeeasteeeesabeeesbaeeeasareeeanbeeesteeeannes 978
O. El Fakir, A. Wang, Q. Zhang, X. Liu, J. Liu, L. Wang

CRASH

ADIABATIC HEATING UNDER VARIOUS LOADING SITUATIONS AND STRAIN RATES FOR

ADVANCED HIGH-STRENGTH STEELS ...ttt ettt e e st e e st e e e s bee e e sareaeaanes 986
S Klitschke, A Trondl, F Huberth, M Liewald

REMARKS ON CONSTITUTIVE AND STRUCTURAL MODELLING OF SMALL RADII IN

SHEET METAL AND CRASHWORTHINESS SIMULATION .....ooiiiiiii ettt ettt e naas 996
A Haufe, T Erhart, F Andrade, T Willmann, M Bischoff

INVESTIGATION ON CRASHWORTHINESS CHARACTERISATION OF 6XXX-SERIES

ALUMINIUM SHEET ALLOYS BASED ON LOCAL DUCTILITY CRITERIA AND EDGE

COMPRESSION TESTS ...ttt ettt et e et e e e ettt e e e st e e e st e e e e aab e e e e sh b e e e sabaeeeatsseeeaabeeesabeeeeaataeeeaabeeesntneeanneeas 1007
P Henn, M Liewald, M Sindel

INTRODUCTION OF A 1000 MPA CRUSH TIP WITHIN A USIBOR® 1500-AS AXIAL CRUSH

RAIL USING IN-DIE HEATED HOT STAMPING ... .ottt ettt ettt et e e e e eaae e saaaa e 1015
M Tummers, K Omer, A Abedini, C Peister, C Butcher, Mj Worswick, S Malcolm, C Yau, R Soldaat

HYBRIDS AND COMPOSITES

STAMPING OF HIGH PERFORMANCE THERMOPLASTIC COMPOSITE INTRUSION BEAMS................ 1023
D Trudel-Boucher, M F Champagne

ON THE DEVELOPMENT OF A FINITE ELEMENT MODEL TO ANALYZE THE BEHAVIOR

OF HYBRID COMPOSITES CONSIDERING THE MANUFACTURING HISTORY ....cccoooiiiiiiiinieiesieeniene 1031
M Riemer, R KieRling, R Mller, W-G Drossel, D Landgrebe, J Ihlemann

DELAMINATION BEHAVIOUR OF HIGH STRENGTH VIBRATION DAMPING SHEET IN V-

BENDING TEST ..ottt b ekt h e E b e e bbb e b e R e e bt e b ekt e b e e bt e b b e bt s b e e b e eneenenbe e 1039
Hyeonil Park, Jinwoo Lee, Se-Jong Kim, Daeyong Kim
EXPERIMENTAL AND NUMERICAL ANALYSIS ON BILAYER TUBE FORMING .......ccccooiiiiiiiiiiiieenee 1045

J M Olevnik, C P Nikhare
Author Index





