
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-7138-0097-2 
 

29th CIRP Design  
Conference 2019 
 

Povoa de Varzim, Portugal 
8-10 May 2019 

Part 1 of 2 

Editors: 
 
Goran D. Putnik 
 
 

 

 

Procedia CIRP Volume 84 

 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© by Elsevier B.V. 
All rights reserved. 
 
Printed with permission by Curran Associates, Inc. (2020) 
  
For permission requests, please contact Elsevier B.V. 
at the address below. 
  
Elsevier B.V. 
Radarweg 29 
Amsterdam 1043 NX 
The Netherlands 
 
 
Phone:  +31 20 485 3911 
Fax:  +31 20 485 2457 
 
http://www.elsevierpublishingsolutions.com/contact.asp 
 
 
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 
 

PREFACE .............................................................................................................................................................................. 1
 

EDITORIAL: OPEN DESIGN AND DESIGN AS EXPONENTIAL TECHNOLOGY ................................................. 3

 
SYSTEM DESIGN 1 

 
METHODOLOGY FOR THE VISUALIZATION, ANALYSIS AND ASSESSMENT OF 
INFORMATION PROCESSES IN MANUFACTURING COMPANIES ........................................................................ 5

Paul Molenda, Andreas Jugenheimer, Christopher Haefner, Oliver Oechsle, Rahul Karat 
 

EXAMINATION OF DESIGN FOR LARGE AND COMPLEX NETWORK PROJECTS ........................................ 11
A.K. Enaleev, V.V. Tsyganov 

 

SURVEY ON DESIGN APPROACHES FOR ROBOTIC MANUFACTURING SYSTEMS IN SMES..................... 16
Chen Zheng, Ye Zhang, Jing Li, Jing Bai,Benoît Eynard 

 

APPLICATION OF CE PRINCIPLES IN DESIGN OF AN INTEGRATED PARTICIPATIVE 
MANAGEMENT SYSTEM TO SUPPORT FOR URBAN FREIGHT DISTRIBUTION PLANNING: 
MISPPUFD MODEL........................................................................................................................................................... 22

Paulo A.D. Ormond, José Telhada, Goran Putnik 

 
DIALOGUE SESSION 1 
 
MATERIALS SELECTION OF 3D PRINTING FILAMENT AND UTILIZATION OF RECYCLED 
POLYETHYLENE TEREPHTHALATE (PET) IN A REDESIGNED BREADBOARD............................................. 28

Mark Keanu James E. Exconde, Julie Anne A. Co, Jill Z. Manapat, Eduardo R. Magdaluyo 
 

FIXATION ON PREMATURE CONCEPT CHOICES - A PITFALL OF EARLY PROTOTYPING? .................... 33
Achim Gerstenberg, Heikki Sjöman, Martin Steinert 

 

CHARACTERISATION OF REINFORCED BODY CENTERED CUBIC, OCTAHEDRAL-TYPE 
AND OCTET TRUSS LATTICE STRUCTURES ........................................................................................................... 38

Caspar Blattmann, Mark Helou, Sami Kara 

 
CONCURRENT AND COLLABORATIVE ENGINEERING 
 
INVESTIGATING THE USE OF SET-BASED CONCURRENT ENGINEERING IN PRODUCT 
MANUFACTURING COMPANIES.................................................................................................................................. 43

Torgeir Welo, Atle Lycke, Geir Ringen 
 

APPLICATION OF SET-BASED CONCURRENT ENGINEERING PRINCIPLES IN R&D 
PROJECT PRIORITIZATION ......................................................................................................................................... 49

Karyn M. Lopes, Eduardo Zancul 
 

INTERACTIVE TECHNOLOGIES FACILITATING COLLABORATION BETWEEN 
PROJETISTS AND NON-PROJETISTS: A LABORATORY DESIGN EXPERIENCE............................................. 55

Angelina Costa, Guillaume Thomann, Frédéric Noël 
 

FACILITATING COLLABORATIVE DESIGN: A TOOLKIT FOR INTEGRATING PERSUASIVE 
TECHNOLOGIES IN DESIGN ACTIVITIES ................................................................................................................. 61

Max Jalowski, Albrecht Fritzsche, Kathrin M. Möslein 
 

DEFINING SEQUENTIAL ENGINEERING (SEQE), SIMULTANEOUS ENGINEERING (SE), 
CONCURRENT ENGINEERING (CE) AND COLLABORATIVE ENGINEERING (COLE): ON 
SIMILARITIES AND DIFFERENCES............................................................................................................................. 68

Goran D. Putnik, Zlata Putnik 

 
 
 
 
 



DIGITAL TWIN FOR DESIGN 1 
 
KANSEI ENGINEERING OVER MULTIPLE PRODUCT EVOLUTION CYCLES: AN 
INTEGRATED APPROACH ............................................................................................................................................. 76

Alec Fenech, Emmanuel Francalanza, Marc Anthony Azzopardi, Andre Micallef 
 

CONTRIBUTION TO THE DEVELOPMENT OF A DIGITAL TWIN BASED ON PRODUCT 
LIFECYCLE TO SUPPORT THE MANUFACTURING PROCESS ............................................................................ 82

Klaus Schützer, Júlia de Andrade Bertazzi, Carolina Sallati, Reiner Anderl, Eduardo Zancul 
 

CHALLENGES AND POTENTIALS OF DIGITAL TWINS AND INDUSTRY 4.0 IN PRODUCT 
DESIGN AND PRODUCTION FOR HIGH PERFORMANCE PRODUCTS .............................................................. 88

Raphael Wagner, Benjamin Schleich, Benjamin Haefner, Andreas Kuhnle, Gisela Lanza 
 

THE DEVELOPMENT OF PILOT PRODUCTION ENVIRONMENTS BASED ON DIGITAL 
TWINS AND VIRTUAL DASHBOARDS......................................................................................................................... 94

Eric Lutters, Roy Damgrave 

 
DESIGN IN INDUSTRY 4.0 1 
 
IDENTIFICATION OF POTENTIALS IN THE CONTEXT OF DESIGN FOR INDUSTRY 4.0 AND 
MODELLING OF INTERDEPENDENCIES BETWEEN PRODUCT AND PRODUCTION 
PROCESSES ...................................................................................................................................................................... 100

Albert Albers, Tobias Stürmlinger, Constantin Mandel, Jiaying Wang, Matthias Behrendt 
 

A METHODOLOGY FOR REVERSE ARCHITECTURE: MODELLING SPACE AND USE............................... 106
Paul François, Florent Laroche, Françoise Rubellin, Jeffrey Leichman 

 

DIGITALIZATION NEEDS A CULTURAL CHANGE – EXAMPLES OF APPLYING AGILITY 
AND OPEN INNOVATION TO DRIVE THE DIGITAL TRANSFORMATION ...................................................... 112

Carsten Burchardt, Bettina Maisch 
 

TOWARDS A KNOWLEDGE-BASED FRAMEWORK FOR DIGITAL CHAIN MONITORING 
WITHIN THE INDUSTRY 4.0 PARADIGM ................................................................................................................. 118

Oussama Meski, Farouk Belkadi, Florent Laroche, Benoit Furet 

 
DESIGN METHODOLOGY 1 
 
EMOTIONAL PRODUCT DESIGN: MERGING INDUSTRIAL AND ENGINEERING DESIGN 
PERSPECTIVES ............................................................................................................................................................... 124

Emmanuel Francalanza, Jonathan Borg, Alec Fenech, Philip Farrugia 
 

STRATEGIES FOR CUSTOMER SATISFACTION AND CUSTOMER REQUIREMENT 
FULFILLMENT WITHIN THE TREND OF INDIVIDUALIZATION ...................................................................... 130

Juliane Kuhl, Dieter Krause 
 

UNDERSTANDING DISTRIBUTED PRODUCT ENGINEERING: DEALING WITH 
COMPLEXITY FOR SITUATION- AND DEMAND-ORIENTED PROCESS DESIGN .......................................... 136

Katharina Duehr, Jonas Heimicke, Jan Breitschuh, Markus Spadinger, Albert Albers 

 
DESIGN FOR ADDITIVE MANUFACTURING 1 
 
AXIOMATIC DESIGN AND SOLUTION VARIANTS APPLIED TO A MODULAR 3D PRINTING 
HEAD BASED IN MATERIAL EXTRUSION............................................................................................................... 143

Porpíglio I, Scalice Rk, Silveira Zc 
 

USING SET-BASED DESIGN FOR DEVELOPING A 3D METAL FORMING PROCESS.................................... 149
Nikolai Schjøtt-Pedersen, Torgeir Welo, Geir Ringen, Christian A. Raknes 

 

0-3D DESIGN METHOD: A NEW DESIGN MANAGEMENT TECHNIQUE TO SUPPORT 
DESIGN FOR MANUFACTURING ............................................................................................................................... 155

A.J. Baptista, L. Reis, M. Leite 
 

AN ORIGAMI-BASED DESIGN APPROACH TO SELF-RECONFIGURABLE STRUCTURES 
USING 4D PRINTING TECHNOLOGY ........................................................................................................................ 159

Bingcong Jian, Frédéric Demoly, Yicha Zhang, Samuel Gomes 

 
 
 
 



DESIGN FOR METROLOGY 1 
 
DESIGN FOR METROLOGY – A NEW IDEA? ........................................................................................................... 165

Edward Morse 
 

DESIGN FOR METROLOGY FOR FREEFORM OPTICS MANUFACTURING ................................................... 169
Kristen Venditti, Chris Evans, Konstantinos Falaggis, Alex Blum, Jannick P. Rolland 

 

DESIGN FOR X-RAY COMPUTED TOMOGRAPHY ................................................................................................ 173
Giovanni Moroni, Stefano Petrò 

 
DIALOGUE SESSIONS 2 
 
LAUNCHING LEAN PRODUCT DEVELOPMENT AT AN RAIL VEHICLE MANUFACTURER...................... 179

Carsten Stechert, Vitali Scheck, Carsten Fischer 
 

REGIONAL POTTER INTERPRETATIONS: CASE STUDY OF SYNERGIC OUTCOMES IN 
MASTER’S IN DESIGN AND PRODUCT DEVELOPMENT ..................................................................................... 185

João Sampaio, Miguel Terroso, Demétrio Matos 
 

INVESTIGATING PRODUCT DESIGNER LCA PREFERRED LOGICS AND VISUALISATIONS ................... 191
Maud Rio, Florent Blondin, Peggy Zwolinski 

 
EDUCATION ON DESIGN FOR INDUSTRY 4.0 1 
 
AUGMENTED REALITY EXPERIMENT IN HIGHER EDUCATION, FOR COMPLEX SYSTEM 
APPROPRIATION IN MECHANICAL DESIGN ......................................................................................................... 197

Dominique Scaravetti, Dominique Doroszewski 
 

PROFESSIONAL SKILLS IN THE PRODUCT DEVELOPMENT PROCESS: THE 
CONTRIBUTION OF LEARNING ENVIRONMENTS TO PROFESSIONAL SKILLS IN THE 
INDUSTRY 4.0 SCENARIO ............................................................................................................................................ 203

Carolina Sallati, Júlia de Andrade Bertazzi, Klaus Schützer 
 

EXPERIENTIAL LEARNING OF CAD SYSTEMS INTEROPERABILITY IN SOCIAL 
NETWORK-BASED EDUCATION ................................................................................................................................ 209

Cátia Alves, Goran Putnik 
 

LEARNING MATERIAL CO-CREATION INFRASTRUCTURE IN SOCIAL NETWORK-BASED 
EDUCATION: AN IMPLEMENTATION MODEL ...................................................................................................... 215

Goran Putnik, Cátia Alves 

 
SYSTEMS DESIGN 2 
 
EVALUATING AND OPTIMIZING CHAOTICALLY BEHAVING MOBILE ROBOTS WITH A 
DETERMINISTIC SIMULATION.................................................................................................................................. 219

Achim Gerstenberg, Martin Steinert 
 

INFORMATION EXCHANGE IN GLOBAL PRODUCTION NETWORKS: INCREASING 
TRANSPARENCY BY SIMULATION, STATISTICAL EXPERIMENTS AND SELECTION OF 
DIGITALIZATION ACTIVITIES .................................................................................................................................. 225

S. Treber, R. Breig, M. Kentner, B. Häfner, G. Lanza 
 

CONNECTIVITY AS THE CAPACITY TO IMPROVE AN ORGANIZATION’S DECISION-
MAKING............................................................................................................................................................................ 231

Mohammad Hassannezhad, Stephen Cassidy, P. John Clarkson 
 

MODEL-BASED REQUIREMENT ENGINEERING TO SUPPORT DEVELOPMENT OF 
COMPLEX SYSTEMS ..................................................................................................................................................... 239

D. Inkermann, T. Huth, T. Vietor, A. Grewe, A. Rausch 

 
DESIGN IN INDUSTRY 4.0 2 
 
STATISTICAL ANALYSIS OF DETERMINANT FACTORS AND FRAMEWORK 
DEVELOPMENT FOR THE OPTIMAL AND SUSTAINABLE DESIGN OF MUNICIPAL SOLID 
WASTE MANAGEMENT SYSTEMS IN THE CONTEXT OF INDUSTRY 4.0 ....................................................... 245

Giovani Magbiti Monzambe, Khumbulani Mpofu, Ilesanmi Afolabi Daniyan 
 



HUMAN-CENTRIC DESIGN OF CYBER-PHYSICAL PRODUCTION SYSTEMS ............................................... 251
Iris Graessler, Alexander Poehler 

 

CYBER-PHYSICAL MODELING AND SIMULATION: A REFERENCE ARCHITECTURE FOR 
DESIGNING DEMONSTRATORS FOR INDUSTRIAL CYBER-PHYSICAL SYSTEMS ...................................... 257

Sascha Julian Oks, Max Jalowski, Albrecht Fritzsche, Kathrin M. Möslein 
 

MAPPING VULNERABILITIES IN THE INDUSTRIAL INTERNET OF THINGS LANDSCAPE ...................... 265
Dimitris Mourtzis, Konstantinos Angelopoulos, Vasilios Zogopoulos 

 
DESIGN FOR ADDITIVE MANUFACTURING 2 
 
OPTIMIZATION OF BUILD TIME AND SUPPORT MATERIAL QUANTITY FOR THE 
ADDITIVE MANUFACTURING OF NON-ASSEMBLY MECHANISMS ................................................................ 271

Martin Hallmann, Stefan Goetz, Benjamin Schleich, Sandro Wartzack 
 

STRUCTURAL OPTIMIZATION IN LIGHTWEIGHT DESIGN FOR ADDITIVE 
MANUFACTURING......................................................................................................................................................... 277

Stefan Junk, Benjamin Klerch, Ulrich Hochberg 
 

DESIGN MODELING FOR ADDITIVE MANUFACTURING IN THE CASE STUDY OF A 
SYSTEMATIC METHODOLOGY APPLIED TO PLASMA TRANSFERRED ARC ADDITIVE 
MANUFACTURING......................................................................................................................................................... 283

J.G. Mercado Rojas, E. Tamayo, T. Wolfe, B. Fleck, Ahmed Jawad Qureshi 

 
PRODUCT-SERVICE SYSTEMS & BUSINESS MODELING 1 
 
THE IMPACT OF MODULAR PRODUCT ARCHITECTURES IN PSS DESIGN: A SYSTEMATIC 
LITERATURE REVIEW ................................................................................................................................................. 290

Christoph Rennpferdt, Erik Greve, Dieter Krause 
 

DESIGN MODEL FOR THE COST CALCULATION OF PRODUCT-SERVICE SYSTEMS IN 
SINGLE AND SMALL SERIES PRODUCTION .......................................................................................................... 296

Günther Schuh, Christoph Kelzenberg, Jan Wiese 
 

COST EVALUATION CHALLENGES FOR INTERNET OF THINGS (IOT) BASED 
PRODUCT/SERVICE-SYSTEMS (PSS) ........................................................................................................................ 302

Lucas F. Osako, Mariana O. Matsubayashi, Silvia M. Takey, Paulo A. Cauchick-Miguel, Eduardo Zancul 

 
DESIGN FOR METROLOGY 2 
 
INDEPENDENCE OF METROLOGICAL OPERATIONS: THE RELEVANCE OF DATUM 
SYSTEMS IN GD&T ........................................................................................................................................................ 307

António Mourão, João Fradinho, António Gabriel-Santos, Miguel Cavique 
 

CLOSED LOOP GEOMETRICAL TOLERANCE ENGINEERING WITH MEASURING DATA 
FOR REVERSE INFORMATION PROCESSING ........................................................................................................ 311

Robert Hofmann, Sophie Gröger 

 
ADDITIVE MANUFACTURING 
 
AUTOMATIC LAYOUT GENERATION OF ROBOTIC PRODUCTION CELLS IN A 3D 
MANUFACTURING SIMULATION ENVIRONMENT .............................................................................................. 316

Arik Laemmle, Stefan Gust 
 

MODEL FOR THE CLIENT-ORIENTED SELECTION OF ADDITIVE MANUFACTURING 
INFRASTRUCTURE BASED ON INFORMATION GATHERED FROM PRODUCTION 
NETWORKS...................................................................................................................................................................... 322

Colin Reiff, Frederik Wulle, Florian Strieg, Oliver Riedel 
 

HYBRID ADDITIVE MANUFACTURING – PROCESS CHAIN CORRELATIONS AND IMPACTS ................. 328
Tobias Häfele, Jan-Henrik Schneberger, Jerome Kaspar, Michael Vielhaber, Jürgen Griebsch 

 

METHOD FOR LOAD-CAPABLE PATH PLANNING IN MULTI-AXIS FUSED DEPOSITION 
MODELING ...................................................................................................................................................................... 335

Frederik Wulle, Martin Wolf, Oliver Riedel, Alexander Verl 

 
 



EDUCATION ON DESIGN FOR INDUSTRY 4.0 2 
 
STUDENT DRIVEN LEARNING IN SYNTHETIC ENVIRONMENTS .................................................................... 341

R.G.J. Damgrave, E. Lutters 
 

FOCUS ON PROCESS AND OUTCOME IN FOOTWEAR DESIGN EDUCATION ............................................... 347
Miguel Terroso, Ana Moreno, Hugo Palmares, José Pinto, João Sampaio 

 

THE GROWING PATH IN SEARCH OF AN INDUSTRIAL DESIGN IDENTITY ................................................. 353
Demétrio Matos, Miguel Terroso, João Sampaio 

 
SYSTEMS DESIGN 3 
 
A MODEL FOR INTEGRATING ENERGY MANAGEMENT IN LEAN PRODUCTION ..................................... 357

Tallal Javied, Marius Deutsch, Jörg Franke 
 

HUMAN-CENTERED MODEL-DRIVEN PROCESS AND QUALITY PLANNING ............................................... 362
Magnus Lundgren, Mikael Hedlind, Yujiang Li, Torsten Kjellberg 

 

PREDICTION OF PERCEIVED QUALITY THROUGH THE DEVELOPMENT OF A ROBOT-
SUPPORTED MULTISENSORY MEASURING SYSTEM ......................................................................................... 368

Lars C. Gussen, Max Ellerich, Robert H. Schmitt 
 

INTEGRATING MANUFACTURING KNOWLEDGE WITH DESIGN PROCESS TO IMPROVE 
QUALITY IN THE AEROSPACE INDUSTRY............................................................................................................. 374

Mohammed El Souri, James Gao, Clive Simmonds 

 
DESIGN IN INDUSTRY 4.0 3 
 
HUMAN-CENTRED DISSEMINATION OF DATA, INFORMATION AND KNOWLEDGE IN 
INDUSTRY 4.0 .................................................................................................................................................................. 380

Dan Li, Anna Landström, Åsa Fast-Berglund, Peter Almström 
 

SMART INDUSTRY TESTBED...................................................................................................................................... 387
R.G.J. Damgrave, E. Lutters 

 

SYSTEMATIC PRODUCT DEVELOPMENT METHODOLOGY FOR CUSTOMIZABLE IOT 
DEVICES ........................................................................................................................................................................... 393

Sonika Krishna Gogineni, Theresa Riedelsheimer, Rainer Stark 
 

TOWARDS DESIGN FOR CYBER-PHYSICAL INSPECTION ................................................................................. 400
Oleg Anokhin, Reiner Anderl 

 
DESIGN METHODOLOGY 2 
 
METHODICAL DATA-DRIVEN INTEGRATION OF PERCEIVED QUALITY INTO THE 
PRODUCT DEVELOPMENT PROCESS ...................................................................................................................... 406

Marie Lindemann, Leo Nuy, Kristof Briele, Robert Schmitt 
 

RESILIENCE IN PRODUCT DESIGN AND DEVELOPMENT PROCESSES: A RISK 
MANAGEMENT VIEWPOINT....................................................................................................................................... 412

Ali Shafqat, Torgeir Welo, Josef Oehmen, Pelle Willumsen, Morten Wied 
 

IDENTIFICATION OF REQUIREMENTS OF METHODS AND PROCESSES FOR MODELING 
OBJECTIVES IN PREDEVELOPMENT PROJECTS ................................................................................................. 419

Thilo Richter, Jan-Hendrik Witt, Johannes Willi Gesk, Albert Albers 
 

A CONTEXT-MODEL FOR ADAPTING DESIGN PROCESSES AND METHODS ............................................... 428
Miriam Wilmsen, Katharina Dühr, Albert Albers 

 

DECISION ANALYSIS FOR OPTIMAL DESIGN CONCEPT: HYBRIDIZED FUZZIFIED 
WEIGHTED DECISION MATRIX AND FUZZY TOPSIS USING DESIGN FOR X TOOLS ................................ 434

Olayinka Mohammed Olabanji, Khumbulani Mpofu 

 
PRODUCT-SERVICE SYSTEMS & BUSINESS MODELING 2 
 
AN ASYMMETRY ANALYSIS METHOD TO SUPPORT VALUE CO-CREATION IN 
PRODUCT/SERVICE DESIGN....................................................................................................................................... 442

Shunichiro Abe, Yusuke Tsutsui, Yuya Mitake, Mar’atus Sholihah, Yoshiki Shimomura 
 



EXPONENTIAL SYSTEM STRATEGY FOR SUSTAINABILITY IN FASHION DESIGN ................................... 447
Solange Fernandes, José Lucas, Maria José Madeira, Alexandra Cruchinho 

 

ENABLING COMPLEXITY MANAGEMENT THROUGH MERGING BUSINESS PROCESS 
MODELING WITH MBSE .............................................................................................................................................. 451

Christian Konrad, Georg Jacobs, Rik Rasor, Ricarda Riedel, Justus Siebrecht 

 
DESIGN FOR X 1 
 
DESIGN FOR PERSONALIZED MEDICINE IN ORTHOTICS AND PROSTHETICS.......................................... 457

Marco Leite, Bruno Soares, Vanessa Lopes, Sara Santos, Miguel T. Silva 
 

QUANTIFYING MANUFACTURABILITY OF COMPONENT GEOMETRIES USING SHAPE 
DESCRIPTORS................................................................................................................................................................. 462

Meng Liu, Saurabh Basu, Soundar Kumara 
 

NEW DESIGN FOR ASSEMBLY METHODOLOGY ADAPTED TO LARGE SIZE PRODUCTS: 
APPLICATION ON A SOLAR TRACKER DESIGN ................................................................................................... 468

A. Remirez, A. Ramos, I. Retolaza, M. Cabello, F. Martinez 
 

TRANSFORMATIONS IN PRODUCT DEVELOPMENT TO ENABLE GLOBALLY 
DISTRIBUTED SELF-ORGANIZING PRODUCTION SYSTEMS............................................................................ 474

Iris Graessler, Julian Hentze 

 
DESIGN FOR ADDITIVE MANUFACTURING 3 
 
INTEGRATED DESIGN PATTERN MATRIX FOR ADDITIVE MANUFACTURING – A 
HOLISTIC POTENTIAL ANALYSIS FOR SYSTEMIC PRODUCT AND PRODUCTION 
ENGINEERING ................................................................................................................................................................ 480

Jerome Kaspar, Jannik Reichwein, Eckhard Kirchner, Michael Vielhaber 
 

MATERIAL SELECTION METHODOLOGY FOR ADDITIVE MANUFACTURING 
APPLICATIONS ............................................................................................................................................................... 486

Mohammed Alghamdy, Rafiq Ahmad, Basel Alsayyed 
 

DESIGN FOR AM: CONTRIBUTIONS FROM SURFACE FINISH, PART GEOMETRY AND 
PART POSITIONING ...................................................................................................................................................... 491

A. Castelão, B.A.R. Soares, C.M. Machado, M. Leite, A.J.M. Mourão 
 

GEOMETRIC DEVIATION MODELING WITH STATISTICAL SHAPE ANALYSIS IN DESIGN 
FOR ADDITIVE MANUFACTURING........................................................................................................................... 496

Zuowei Zhu, Nabil Anwer, Luc Mathieu 

 
PRODUCT DESIGN 1 
 
OBJECTIVE EVALUATION OF USABILITY ASPECTS FOR THE DEVELOPMENT OF 
HANDLE GEOMETRIES ................................................................................................................................................ 502

René Germann, Emilio A. Ribadeneira, Sven Matthiesen 
 

HAND DEXTERITY: DESIGN FOR AUTOMATIC EVALUATION OF ITEM 18 OF MFM SCALE .................. 514
Adriana Gomes L. de Souza, Dominique Vincent-Genod, Carole Vuillerot, Guillaume Thomann 

 

APPROACHING AN ERGONOMIC FUTURE: AN AFFORDANCE-BASED INTERACTION 
CONCEPT FOR DIGITAL HUMAN MODELS............................................................................................................ 520

Alexander Wolf, Daniel Krüger, Jörg Miehling, Sandro Wartzack 
 

FUNCTION-BASED BENCHMARKING TO IDENTIFY COMPETITOR-BASED LIGHTWEIGHT 
DESIGN POTENTIALS ................................................................................................................................................... 526

Albert Albers, Sven Revfi, Frieder Kraus, Markus Spadinger 

 
DIGITAL TWIN FOR DESIGN 2 
 
SYNCHRONIZING DIGITAL PROCESS TWINS BETWEEN VIRTUAL PRODUCTS AND 
RESOURCES – A VIRTUAL DESIGN METHOD........................................................................................................ 532

Benjamin Illmer, Michael Vielhaber 
 

A HOLISTIC SYSTEM LIFECYCLE ENGINEERING APPROACH – CLOSING THE LOOP 
BETWEEN SYSTEM ARCHITECTURE AND DIGITAL TWINS............................................................................. 538

Dickopf Thomas, Apostolov Hristo, Müller Patrick, Jens C. Göbel, Forte Sven 

 



PART 2 
 

DESIGNING A UNIQUE DIGITAL TWIN FOR LINEAR INFRASTRUCTURES LIFECYCLE 
MANAGEMENT ............................................................................................................................................................... 545

Yvan Tchana, Guillaume Ducellier, Sébastien Remy 
 

ASSESSMENT OF ENERGY RELATED PLANNING GOALS IN FACTORY DESIGN USING 
SIMULATION EXPERIMENTS ..................................................................................................................................... 550

Max Weeber, Mahmoud El-Mokadem, Alexander Sauer 
 

PROTOTYPING INSTALLATION AND COMMISSIONING OF NOVEL A CLEANING ROBOT 
BY USING VIRTUAL TOOLS – LESSONS LEARNED .............................................................................................. 558

Lars Andre Langøyli Giske, Tommy Benjaminsen, Ola Jon Mork 

 
DESIGN METHODOLOGY 3 
 
EFFORTS ON CAPTURING PROTOTYPING AND DESIGN ACTIVITY IN ENGINEERING 
DESIGN RESEARCH ....................................................................................................................................................... 566

Jorgen Falck Erichsen, Andreas Wulvik, Martin Steinert, Torgeir Welo 
 

EXEMPLIFYING PROTOTYPE-DRIVEN DEVELOPMENT THROUGH CONCEPTS FOR 
MEDICAL TRAINING SIMULATORS ......................................................................................................................... 572

Marius Auflem, Jorgen Falck Erichsen, Martin Steinert 
 

SYSTEMATIC MODELING OF OBJECTIVES AND IDENTIFICATION OF REFERENCE 
SYSTEM ELEMENTS IN A PREDEVELOPMENT PROJECT ................................................................................. 579

Thilo Richter, Jan-Hendrik Witt, Johannes Willi Gesk, Albert Albers 
 

THE RELEVANCE OF TESTING IN ENGINEERING PRODUCT DEVELOPMENT - 
INVESTIGATIONS ON A ROBOT PROGRAMMING TASK.................................................................................... 586

Achim Gerstenberg, Martin Steinert 
 

DESIGN METHOD FOR TEMPORARILY ENERGY SELF-SUFFICIENT VACUUM GRIPPING 
SYSTEMS .......................................................................................................................................................................... 593

David Straub 

 
DESIGN METHODOLOGY 4 
 
STRATEGIES FOR FUNCTION INTEGRATION IN ENGINEERING DESIGN: FROM 
DIFFERENTIAL DESIGN TO FUNCTION ADOPTION ............................................................................................ 599

Dominik Klaiber, Tim Fröhlich, Thomas Vietor 
 

A METHODICAL APPROACH FOR IMPROVED CONTROL OF SAFETY-RELATED 
PRODUCT PROPERTIES IN EARLY PHASES OF THE AUTOMOTIVE PRODUCT 
DEVELOPMENT PROCESS........................................................................................................................................... 605

Alexander Fürst, Thomas Vietor 
 

FUNCTION IN A BOX: AN APPROACH FOR MULTI-FUNCTIONAL DESIGN BY FUNCTION 
INTEGRATION AND SEPARATION ............................................................................................................................ 611

Tim Fröhlich, Dominik Klaiber, Eiko Türck, Thomas Vietor 
 

DESIGN TOOL BASED ON SENSORY PERCEPTION, USABILITY AND UNIVERSAL DESIGN .................... 618
Renato Fonseca Livramento da Silva, Angelina Dias Leão Costa, Guillaume Thomann 

 

QUANTIFICATION AND EVALUATION OF AUTOMATION CONCEPTS BASED ON A MULTI-
CRITERIA DECISION ANALYSIS................................................................................................................................ 624

Alexander Neb, Dominik Remling 

 
DESIGN METHODOLOGY 5 
 
VALIDATION-DRIVEN DESIGN IN THE EARLY PHASE OF PRODUCT DEVELOPMENT............................ 630

Albert Albers, Jonas Reinemann, Tobias Hirschter, Joshua Fahl, Nicolas Heitger 
 

SOCIOTECHNICAL SOLUTION PATTERNS FOR THE DEVELOPMENT OF SMART 
PRODUCTS ....................................................................................................................................................................... 638

Daniela Hobscheidt, Christoph Jürgenhake, Harald Anacker, Roman Dumitrescu 
 

CORPORATE ENTREPRENEURSHIP IN COMPLEX ORGANISATIONS: TOWARDS A 
HOLISTIC DECISION AID TOOL SET TO ANALYSE AND PLAN INNOVATIVE DESIGN 
PROJECTS ........................................................................................................................................................................ 644

Karolin Gebhardt, Andreas Riel, Tom Maes 
 



COST ESTIMATION METHOD FOR GAS TURBINE IN CONCEPTUAL DESIGN PHASE ............................... 650
Irene Martinelli, Federico Campi, Emanuele Checcacci, Giulio Marcello Lo Presti, Michele Germani 

 

USING DESIGN GEOMETRICAL FEATURES TO DEVELOP AN ANALYTICAL COST 
ESTIMATION METHOD FOR AXISYMMETRIC COMPONENTS IN OPEN-DIE FORGING ........................... 656

Federico Campi, Claudio Favi, Marco Mandolini, Michele Germani 

 
DESIGN FOR X 2 
 
DESIGN FOR VIBRATION REDUCTION – AN OVERVIEW OF MODELS FOR PRODUCT 
DEVELOPMENT WITH FOCUS ON EXCITATION AND TRANSMISSION OF VIBRATIONS OF 
TECHNICAL SYSTEMS.................................................................................................................................................. 662

Carolin Sturm, Frank Bremer, Sven Matthiesen 
 

LEAN DESIGN-FOR-X: CASE STUDY OF A NEW DESIGN FRAMEWORK APPLIED TO AN 
ADAPTIVE ROBOT GRIPPER DEVELOPMENT PROCESS ................................................................................... 667

L. Atilano, A. Martinho, M.A. Silva, A.J. Baptista 
 

DFA-SPDP, A NEW DFA METHOD TO IMPROVE THE ASSEMBLY DURING ALL THE 
PRODUCT DEVELOPMENT PHASES ......................................................................................................................... 673

Iñigo Ezpeleta, Daniel Justel, Unai Bereau, Julen Zubelzu 

 
DESIGN FOR ADDITIVE MANUFACTURING 4 
 
DETAILED DESIGN PROCESS AND ASSEMBLY CONSIDERATIONS FOR SNAP-FIT JOINTS 
USING ADDITIVE MANUFACTURING ...................................................................................................................... 680

Jorge Luis Amaya, Emilio A. Ramírez, Galarza F. Maldonado, Jorge Hurel 
 

DEVELOPMENT OF AN INTEGRATED DESIGN METHODOLOGY MODEL FOR QUALITY 
AND THROUGHPUT OF ADDITIVE MANUFACTURING PROCESSES .............................................................. 688

Moses O. Oyesola, Khumbulani Mpofu, Ntombi R. Mathe, Ilesanmi Daniyan 

 
PRODUCT DESIGN 2 
 
CROSS-COMPONENT MATERIAL AND JOINING SELECTION FOR FUNCTIONAL 
LIGHTWEIGHT DESIGN BASED ON THE EXTENDED TARGET WEIGHING APPROACH - A 
DETAILED APPLICATION EXAMPLE ....................................................................................................................... 694

Jerome Kaspar, Sven Revfi, Albert Albers, Michael Vielhaber 
 

PERSONALIZED ORTHOPEDIC SURGERY DESIGN CHALLENGE: HUMAN BONE 
REDESIGN METHOD ..................................................................................................................................................... 701

Milos Stojkovic, Miroslav Trajanovic, Nikola Vitkovic 
 

CREATING YOUR OWN TOOLS: PROTOTYPING ENVIRONMENTS FOR PROTOTYPE 
TESTING ........................................................................................................................................................................... 707

Håvard Vestad, Martin Steinert 
 

TECHNICAL MODELLING APPROACH FOR SPATIAL INTEGRATED OPTOMECHATRONIC 
PRODUCTS ....................................................................................................................................................................... 713

Jochen Zeitler, Thomas Reitberger, Andreas Reichle, Carsten Backhaus, Jörg Franke 

 
PRODUCT DESIGN 3 
 
IDENTIFYING CROSS-DOMAIN LINKAGE TYPES TO SUPPORT ENGINEERING CHANGE 
MANAGEMENT AND REQUIREMENTS ENGINEERING....................................................................................... 719

Robert Wilms, Vadym Finn Cemmasson, David Inkermann, Michael Reik, Thomas Vietor 
 

PERFORMANCE-DRIVEN AND COMPANY GOAL-ORIENTATED DESIGN OF PRODUCT 
PORTFOLIOS: A METHODOLOGICAL FRAMEWORK......................................................................................... 725

Michael Riesener, Christian Dölle, Günther Schuh, Hendrik Lauf, Merle-Hendrikje Jank 
 

LONG-TERM EFFECTS OF MODULAR PRODUCT ARCHITECTURES: AN EMPIRICAL 
FOLLOW-UP STUDY ...................................................................................................................................................... 731

Erik Greve, Dieter Krause 
 

ON SIMULATION KNOWLEDGE ACQUISITION USING GAUSSIAN PROCESSES FOR THE 
DESIGN OF ELECTRIC MOTORS ............................................................................................................................... 737

Fabian Dworschak, Johann Tüchsen, Adrian-Cornel Pop, Diogo Pinto, Sandro Wartzack 

 



PRODUCT DESIGN 4 
 
USER-CENTERED DESIGN OF A CUSTOMIZED ASSISTIVE DEVICE TO SUPPORT FEEDING.................. 743

AVF Santos, LALicursi, MF Amaral, A Cavalcanti, ZC Silveira 
 

NEWNESS AND OUTCOMES IN COMMODITY-DRIVEN NEW-PRODUCT DEVELOPMENT 
PROJECTS: A SURVEY IN THE NORWEGIAN MANUFACTURING INDUSTRY.............................................. 749

Carina Beste, Torgeir Welo, Geir Ringen 
 

DESIGN OF AN ANIMAL DETECTION SYSTEM FOR MOTOR VEHICLE DRIVERS...................................... 755
Vennan Sibanda, Khumbulani Mpofu, John Trimble, Noreen Zengeni 

 

TWO EXTENSIONS TOWARDS PRACTICAL APPLICATIONS OF A PARADOX IN CURVED 
BEAMS............................................................................................................................................................................... 761

Luigi Leopardi, Antonio Strozzi 
 

MULTI-OBJECTIVE OPTIMIZATION OF INJECTION MOLDING PROCESS FOR 
DETERMINATION OF FEASIBLE MOLDABILITY INDEX.................................................................................... 769

Mehdi Moayyedian, Ali Mamedov 

 
DESIGN METHODOLOGY 6 
 
SYSTEM ENGINEERING FOR DEPENDENCY ANALYSIS - A BAYESIAN APPROACH: 
APPLICATION TO OBSOLESCENCE STUDY ........................................................................................................... 774

Amel Soltan, Sid-Ali Addouche, Marc Zolghadri, Maher Barkallah, Mohamed Haddar 
 

AN ANALYSIS OF BARRIERS FOR THE INTRODUCTION OF SYSTEMS ENGINEERING ............................ 783
Lukas Bretz, Lydia Kaiser, Roman Dumitrescu 

 

INNOBANDIT 2.0: A SYSTEMATIC APPROACH TO SCENARIO-BASED PRODUCT PROFILE 
GENERATION IN PGE – PRODUCT GENERATION ENGINEERING .................................................................. 790

Florian Marthaler, Jonas Heimicke, Jia Ou, Nicolas Reiss, Albert Albers 
 

RECOGNIZING PRODUCT APPLICATION BASED ON INTEGRATED CONSUMER GRADE 
SENSORS: A CASE STUDY WITH HANDHELD POWER TOOLS ......................................................................... 798

Matthias Dörr, Maximilian Ries, Thomas Gwosch, Sven Matthiesen 

 
DESIGN METHODOLOGY 7 
 
CREATING INNOVATIVE PRODUCTS WITH REFERENCE SYSTEM ELEMENTS - A CASE 
STUDY ON APPROACHES IN PRACTICE ................................................................................................................. 804

Thilo Richter, Simon Rapp, Victor Kurtz, Victor Romanov, Albert Albers 
 

APPLICATION POTENTIALS OF ARTIFICIAL INTELLIGENCE FOR THE DESIGN OF 
INNOVATION PROCESSES........................................................................................................................................... 810

Christian Vocke, Carmen Constantinescu, Daniela Popescu 
 

AUTOMATED LEARNING OF USER PREFERENCES FOR SELECTION OF HIGH QUALITY 
3D DESIGNS...................................................................................................................................................................... 814

Prashant Bhat, Iaroslav Shcherbatyi, Wolfgang Maass 
 

NUDGES: AN ASSISTED STRATEGY FOR IMPROVING HEURISTIC DECISION IN PGE-
PRODUCT GENERATION ENGINEERING ................................................................................................................ 820

Narucha Tanaiutchawoot, Nikola Bursac, Simon Rapp, Albert Albers, Jonas Heimicke 

 
AGILE PRODUCT DEVELOPMENT 1 
 
DESIGN FIELDS OF AGILE INNOVATION MANAGEMENT IN SMALL AND MEDIUM SIZED 
ENTERPRISES ................................................................................................................................................................. 826

Nadine Niewöhner, Laban Asmar, Fabio Wortmann, Daniel Röltgen, Roman Dumitrescu 
 

RESEARCH OPPORTUNITIES IN PSS DESIGN FOCUSING ON THE POTENTIALS OF AGILE 
APPROACHES.................................................................................................................................................................. 832

Till Blüher, Daniel Capaldo Amaral, Kai Lindow, Janaina M.H. Costa, Rainer Stark 
 

IDENTIFICATION OF INDICATORS FOR THE SELECTION OF AGILE, SEQUENTIAL AND 
HYBRID APPROACHES IN PRODUCT DEVELOPMENT ....................................................................................... 838

Albert Albers, Tobias Hirschter, Joshua Fahl, Jonas Reinemann, Jonas Heimicke 
 



AGILE PRODUCT DEVELOPMENT—COUPLING EXPLORATIVE AND ESTABLISHED CAX 
METHODS IN EARLY STAGES OF VIRTUAL PRODUCT DEVELOPMENT ...................................................... 848

Hans-Georg Enkler, Leonard Sporleder 

 
PROCESS DESIGN 
 
PROCESS DESIGN FOR OPTIMAL MINIMIZATION OF RESULTANT CUTTING FORCE 
DURING THE MACHINING OF TI-6AL-4V: RESPONSE SURFACE METHOD AND 
DESIRABILITY FUNCTION ANALYSIS ..................................................................................................................... 854

O.O. Daramola, I. Tlhabadira, J.L. Olajide, I.A. Daniyan, L.R. VanStaden 
 

DESIGN AND OPTIMIZATION OF MACHINING PARAMETERS FOR EFFECTIVE AISI P20 
REMOVAL RATE DURING MILLING OPERATION ............................................................................................... 861

I.A. Daniyan, I. Tlhabadira, O.O. Daramola, K. Mpofu 
 

PROCESS DESIGN AND OPTIMIZATION OF SURFACE ROUGHNESS DURING M200 TS 
MILLING PROCESS USING THE TAGUCHI METHOD .......................................................................................... 868

I. Tlhabadira, I.A. Daniyan, L. Masu, L.R. VanStaden 
 

ACTIVITY MODELING OF PRELIMINARY ADDITIVE MANUFACTURING PROCESS 
PLANNING ........................................................................................................................................................................ 874

Shervin Kadkhoda-Ahmadi, Alaa Hassan, Elnaz Asadollahi-Yazdi 

 
SYSTEMS DESIGN 4 
 
METHODICAL APPROACH FOR THE DEVELOPMENT OF A PLATFORM FOR THE 
CONFIGURATION AND OPERATION OF TURNKEY PRODUCTION SYSTEMS ............................................. 880

Philipp Gönnheimer, Andreas Kimmig, Constantin Mandel, Tobias Stürmlinger, Albert Albers 
 

DESIGNING VISUAL MANAGEMENT IN MANUFACTURING FROM A USER PERSPECTIVE .................... 886
Martin Kurdve, Ulrika Harlin, Malin Hallin, Carina Söderlund, Anna Landström 

 

INTUITIVE INTERACTION WITH VIRTUAL COMMISSIONING OF PRODUCTION SYSTEMS 
FOR DESIGN VALIDATION.......................................................................................................................................... 892

Maximilian Metzner, Lorenz Krieg, Jochen Merhof, Tobias Ködel, Jörg Franke 
 

APPROACH FOR AN AUTOMATED SAFETY CONFIGURATION FOR ROBOT 
APPLICATIONS ............................................................................................................................................................... 896

Thomas Koch 

 
PRODUCT DESIGN 5 
 
THE INCLUSION OF VEHICLE SHAPE AND AERODYNAMIC DRAG ESTIMATIONS WITHIN 
THE LIFE CYCLE ENERGY OPTIMISATION METHODOLOGY ......................................................................... 902

Hamza Bouchouireb, Ciarán J. O’Reilly, Peter Göransson, Josef-Peter Schöggl, José Potting 
 

APPROACH TO THE SYSTEMATIC CATEGORIZATION AND QUALITATIVE EVALUATION 
OF MULTI-MATERIAL DESIGNS FOR USE IN VEHICLE BODY STRUCTURES ............................................. 908

Johannes Altach, Benjamin Bader, Tim Fröhlich, Dominik Klaiber, Thomas Vietor 
 

DEVELOPMENT AND SIMULATION OF ISOTROPIC HARDENING FOR AISI 1035 WELD 
STRESS PREDICTION DURING DESIGN AND WELDING ASSEMBLY OF LOWER 
BRACKETS OF RAIL CARS .......................................................................................................................................... 916

I.A. Daniyan, K. Mpofu, F.O. Fameso, A.O. Adeodu, K.A. Bello 
 

CO-DESIGN AND MASS CUSTOMIZATION IN THE PORTUGUESE FOOTWEAR CLUSTER: 
AN EXPLORATORY STUDY ......................................................................................................................................... 923

Nelson Oliveira, Joana Cunha, Helder Carvalho 
 

FASHION COMMUNICATION IN THE DIGITAL AGE: FINDINGS FROM INTERVIEWS WITH 
INDUSTRY PROFESSIONALS AND DESIGN RECOMMENDATIONS ................................................................. 930

Ana Paula Faria, Joana Cunha, Bernardo Providência 

 
PRODUCT DESIGN 6 
 
ANALYSIS AND PERFORMANCE INVESTIGATION OF A RECONFIGURABLE VIBRATING 
SCREEN MACHINE FOR MINING AND MINERAL PROCESSING INDUSTRIES ............................................. 936

Boitumelo Ramatsetse, Khumbulani Mpofu, Olasumbo Ayodeji Makinde 
 



DESIGN OF AN ULTRA-HIGH PRECISION MACHINE FOR FORM MEASUREMENT ................................... 942
Saint-Clair T. Toguem, Alain Vissière, Mohamed Damak, Charyar Mehdi-Souzani, Hichem Nouira 

 

ENGINEERING DESIGN FEATURING THE LIFE CYCLE APPROACH FOR 
RECONFIGURABLE MACHINE TOOL ...................................................................................................................... 948

Vennan Sibanda, Khumbulani Mpofu, John Trimble, Mufaro Kanganga 
 

MODEL DESIGN AND OPTIMIZATION OF CARBIDE MILLING CUTTER FOR MILLING 
OPERATION OF M200 TOOL STEEL.......................................................................................................................... 954

S.N. Phokobye, I.A. Daniyan, I. Tlhabadira, L. Masu, L.R. VanStaden 
 

DESIGN AND MODELLING OF AUTOMATED REACTOR FOR THE PRODUCTION OF 
CAUSTIC POTASH FROM COCOA POD HUSK........................................................................................................ 960

I.A. Daniyan, K. Mpofu, O.L. Daniyan, A.O. Adeodu, I.D. Uchegbu 

 
DESIGN METHODOLOGY 8 
 
VARIATIONS AS ACTIVITY PATTERNS: A BASIS FOR PROJECT PLANNING IN PGE – 
PRODUCT GENERATION ENGINEERING ................................................................................................................ 966

Albert Albers, Simon Rapp, Natalie Peglow, Tobias Stürmlinger, Holger Wessels 
 

A FRAMEWORK TO CLASSIFY INDUSTRY 4.0 TECHNOLOGIES ACROSS PRODUCTION 
AND PRODUCT DEVELOPMENT ................................................................................................................................ 973

David Inkermann, David Schneider, Niels Lasse Martin, Hendrik Lembeck, Sebastian Thiede 
 

MESSING WITH BOUNDARIES - QUANTIFYING THE POTENTIAL LOSS BY PRE-SET 
PARAMETERS IN TOPOLOGY OPTIMIZATION..................................................................................................... 979

Evangelos Tyflopoulos, Martin Steinert 
 

AUTOMATION OF SIMULATION BASED DESIGN VALIDATION AND REPORTING OF A 
VALVE FAMILY .............................................................................................................................................................. 986

Xuban Telleria, Done Ugarte, Jon Ander Esnaola, Mikel Ezkurra, Leire Colomo 
 

SIGNIFICANCE AND CHALLENGES OF DATA-DRIVEN PRODUCT GENERATION AND 
RETROFIT PLANNING .................................................................................................................................................. 992

Melina Massmann, Maurice Meyer, Roman Dumitrescu, Sebastian von Enzberg, Jannik Reinhold 

 
DIALOGUE SESSIONS 3 
 
MATERIALS SELECTION METHODS IN THE DESIGN OF MONOCOQUE FOR A FUEL 
EFFICIENT CONCEPT VEHICLE ................................................................................................................................ 998

Joanne Margareth R. Catibog, Andrea Mikhaela B. Lazarte, Eduardo R. Magdaluyo 
 

PROPOSITION OF A MODIFIED FMEA TO IMPROVE RELIABILITY OF PRODUCT.................................. 1003
Ilyas Mzougui, Zoubir El Felsoufi 

 

TOTAL FAILURE OF A SYSTEM DUE TO TIME-DEPENDENT COMPLEXITY- AN 
IDENTIFICATION FRAMEWORK............................................................................................................................. 1010

Miguel Cavique, R.P.C. Sampaio, João Fradinho, António Mourão 

 
AGILE PRODUCT DEVELOPMENT 2 
 
A SYSTEMATIC APPROACH TO SITUATION-ADEQUATE MECHATRONIC SYSTEM 
DEVELOPMENT BY ASD - AGILE SYSTEMS DESIGN ......................................................................................... 1015

Albert Albers, Jonas Heimicke, Markus Spadinger, Nicolas Reiss, Florian Marthaler 
 

A MODEL FOR DEPENDENCY-ORIENTED PROTOTYPING IN THE AGILE DEVELOPMENT 
OF COMPLEX TECHNICAL SYSTEMS .................................................................................................................... 1023

Michael Riesener, Eric Rebentisch, Christian Dölle, Sebastian Schloesser, Günther Schuh 
 

METHODOLOGY FOR THE DESIGN OF AGILE PRODUCT DEVELOPMENT NETWORKS....................... 1029
Michael Riesener, Eric Rebentisch, Christian Doelle, Maximilian Kuhn, Soeren Brockmann 

 

AGILE PROCESS ENGINEERING TO SUPPORT COLLABORATIVE DESIGN ............................................... 1035
Julian Baschin, David Inkermann, Thomas Vietor 

 
PRODUCT DESIGN 7 
 
AN INVESTIGATION INTO THE INFLUENCE OF MASS DISTRIBUTION ON CONCEPTUAL 
LIGHTWEIGHT DESIGN ............................................................................................................................................. 1041

Felix Laufer, Daniel Roth, Hansgeorg Binz 
 



PRODUCT LIFE CYCLE COST APPROACH FOR MODULAR LIGHTWEIGHT DESIGN ............................. 1048
Iris Graessler, Xiaojun Yang 

 
ECO-EFFICIENCY AND CIRCULAR ECONOMY 
 
ECO-EFFICIENCY EVALUATION OF MODULAR DESIGN SMARTPHONES ................................................. 1054

Kenta Hirose, Nozomu Mishima 
 

SIGNIFICANCE RANKING METHOD APPLIED TO SOME EU CRITICAL RAW MATERIALS 
IN A CIRCULAR ECONOMY – PRIORITIES FOR ACHIEVING SUSTAINABILITY....................................... 1059

Florinda Martins, Helio Castro 
 

FROM WASTE TO FASHION – A FASHION UPCYCLING CONTEST ............................................................... 1063
António Dinis Marques, Beatriz Moreira, Joana Cunha, Sofia Moreira 

 
DIGITAL TWIN FOR DESIGN 3 
 
VIRTUAL REALITY BASED DIGITAL CHAIN FOR MAINTENANCE TRAINING.......................................... 1069

Manoch Numfu, Andreas Riel, Frederic Noel 
 

INITIAL REFERENCE PROCESS MODEL FOR THE ENGINEERING OF VALIDATION 
ENVIRONMENTS COMPRISING PHYSICAL AND VIRTUAL MODELS ........................................................... 1075

Steven Yan, Lingjun Bi, Matthias Behrendt, Albert Albers 
 

AUTOMATED GENERATION OF AS-MANUFACTURED GEOMETRIC REPRESENTATIONS 
FOR DIGITAL TWINS USING STEP .......................................................................................................................... 1082

Sebastian Haag, Reiner Anderl 

 
DATA MODELLING AND ALGORITHMS FOR DESIGN 
 
DESIGNING ADAPTIVE INFORMATION MODELS FOR PRODUCTION MANAGEMENT .......................... 1088

Vladimir Tsyganov 
 

DATA STRUCTURE OF THE DIGITAL SHADOW FOR SYSTEMATIC KNOWLEDGE 
MANAGEMENT SYSTEMS IN SINGLE AND SMALL BATCH PRODUCTION................................................. 1094

Günther Schuh, Christoph Kelzenberg, Jan Wiese, Tim Ochel 
 

RESEARCH ON EDGE DETECTION ALGORITHM BASED ON LINE LASER SCANNING........................... 1101
Jingyi Tang, Xiaoqun Tan, Xi Li, Binbin Wei, Chen Zheng 

 
OPEN DESIGN / OPEN INNOVATION 
 
SUCCESS FACTORS FOR OPEN INNOVATION IN NORWEGIAN MANUFACTURING................................ 1107

Silje Helene Aschehoug, Eirin Lodgaard, Kjersti Ø. Schulte 
 

COULD OPEN DESIGN LEARN FROM WIKIPEDIA? ........................................................................................... 1112
Hélio Castro, Goran Putnik, Alrenice Castro, Rodrigo Dal Bosco Fontana 

 

OPEN DESIGN INITIATIVES: AN EVALUATION OF CAD OPEN SOURCE SOFTWARE ............................. 1116
Hélio Castro, Goran Putnik, Alrenice Castro, Rodrigo Dal Bosco Fontana 

 

Author Index 




