10th CIRP Sponsored Conference

on Digital Enterprise
Technologies (DET 2020)

Digital Technologies as Enablers of
Industrial Competitiveness and
Sustainability

Procedia Manufacturing Volume 54

Budapest, Hungary
11 — 13 October 2021

Editors:

Jozsef Vancza
Paul Maropoulos

ISBN: 978-1-7138-3547-9



Printed from e-media with permission by:

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

proceedings

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

Copyright© (2021) The Authors. Published by Elsevier Ltd.
Creative Commons Attribution 4.0 International License.
License details: http://creativecommons.org/licenses/by/4.0/.

No changes have been made to the content of these proceedings. There may be changes to pagination,
and minor adjustments for aesthetics.

Printed with permission by Curran Associates, Inc. (2021)
For permission requests, please contact the publisher:

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

METHOD FOR QUANTIFYING THE VALUE OF INFORMATION FOR PRODUCTION
CONTROL IN CROSS-COMPANY VALUE-ADDING NETWORKS.......cccooeiiieinineneneeeeseceese e 1
Alexander Zipfel, Daniel Herdeg, Philipp Theumer

A SCALABLE COST MODELLING ARCHITECTURE FOR EVALUATING THE

PRODUCTION COST-EFFECTIVENESS OF NOVEL JOINING TECHNIQUES FOR

AIRCRAFT STRUCTURES ..ottt sttt sttt ettt se st s e be e sesbe e esesbeneesesbeneeneee 7
Christopher Tierney, Colm Higgins, Damian Quinn, Jeroen De Backer, Adrian Murphy

COST ENGINEERING IN PRACTICE — EMPIRICAL INVESTIGATION OF COST
CALCULATION TOOLS ..ottt ettstetteteste e tessestesessesteseesesseseesanseseesansesessanseseesanseseesensesessensesessen 13
Manuel Lutz, Frank Bodendorf, Niklas Stepanek, Jorg Franke

LEAN INDUSTRY 4.0: A DIGITAL VALUE STREAM APPROACH TO PROCESS
IMPROVEMENT ...ttt ettt ettt b et b et et s b et s et et e st et et enesbeneenenen 19
Daniel Arey, Chi Hieu Le, James Gao

A TWO-STEP DIGITALIZATION LEVEL ASSESSMENT APPROACH FOR
MANUFACTURING COMPANIES. .......c.ccccovvvieene S s st s s bbb 25
Ginther Schuh, Thomas Scheuer, Gabor Nick, Adam Szaller, Taméas Vargedo

DEVELOPING A MATURITY-BASED WORKFLOW FOR THE IMPLEMENTATION OF ML-
APPLICATIONS USING THE EXAMPLE OF A DEMAND FORECAST .....coooviiiiieiieeeeee e 31
Felix Schreckenberg, Nikolas Ulrich Moroff

INDUSTRY 4.0 READINESS IN MANUFACTURING: COMPANY COMPASS 2.0, A

RENEWED FRAMEWORK AND SOLUTION FOR INDUSTRY 4.0 MATURITY

ASSESSMENT ..ottt e et e e e e e e e e et aaeeeeeeeeeettaraeeeeeeeesstaraeeeeeesenaarreeeeeeennnes 39
Gabor Nick, Tibor Kovacs, Andrea Ko, Botond Kadar

THE USE OF ONLINE BUSINESS MODELS ...t 45
Roland Schmuck

DIGITAL MANUFACTURING IN SMES BASED ON THE CONTEXT OF THE INDUSTRY
4.0 FRAMEWORK — ONE APPROACH.......c.octiiiiieiettee ettt 52
Vidosav Majstorovic, Goran Jankovic, Srdjan Zivkov, Slavenko Stojadinovic

DIGITALIZATION AS AN ENABLER OF THE CIRCULAR ECONOMY OF ELECTRONICS................. 58
Laura Talens Peird, Francesco Baiguera, Andrea Maci, Marco Olivieri, Xavier Gabarrell |
Durany

A DIGITAL PLATFORM FOR CROSS-SECTOR COLLABORATIVE VALUE NETWORKS IN
THE CIRCULAR ECONOMY ...cutiiitieiiieeieeesite et e st e steesteesveesteessbaessseessseassseesssessssesssseesssessssesssseessseessseens 64
John Soldatos, Nikos Kefalakis, Angela-Maria Despotopoulou, UIf Bodin, Marcello Colledani

ENABLING CROSS-SECTORIAL, CIRCULAR ECONOMY TRANSITION IN SME VIA
DIGITAL PLATFORM INTEGRATED OPERATIONAL SERVICES........ccviiiiie e 70
Gianfranco Pedone, Richard Beregi, Krisztian Balazs Kis, Marcello Colledani

AUTOMATED IDENTIFICATION OF CIRCULAR VALUE CHAINS AND SYNERGIES ......oovvveveian. 76
Luca Gentilini, Carlo Polidori, Matteo Fervorari, Marcello Colledani



DEMAND-SUPPLY MATCHING THROUGH AUCTIONING FOR THE CIRCULAR
ECONOMY ...ttt et ettt ettt s ettt et et e st et et et et e se st et e s st e s ese st et ese s et essss et ess et esess s esese st et ess s esesssesees 82
Ulf Bodin, Siddhant Dhanrajani, Abdelrahman H. Abdalla, Marco Diani, Olov Schelén

GLOBAL SUPPLY CHAIN QUALITY INTEGRATION STRATEGIES AND THE CASE OF
THE BOEING 787 DREAMLINER DEVELOPMENT ....coooiiiiiiiiiieeii 88
Roland Schmuck

MODELLING SOURCES OF OPERATIONAL NOISE IN PRODUCTION SYSTEMS ......ccoovvevinineennn 95
Mohamed Afy-Shararah, John Patsavellas, Konstantinos Salonitis

ANALYSIS OF AN ASSEMBLY LINE BY MIXED INTEGER PROGRAMMING AND
DISCRETE EVENT-BASED SIMULATION ......cooiitiiiieiiteiiterteecttesieesieesaeesbeessseessbeessseesnseessseessseesnsessnne 100
Norbert Ibriksz, Tibor Szalay, Lajos Kutrovacz, Ferenc Bo6r

A TWO-STAGE DECISION SUPPORT SYSTEM FOR MANUFACTURING PROCESSES
INTEGRATION IN MICROFACTORIES FOR ELECTRIC VEHICLES ........cccciiiiiiiieeiecieeeiee e 106
P. Stavropoulos, A. Papacharalampopoulos, C. Michail, V. Vassilopoulos, Pietro Perlo

DESIGN AND SIMULATION OF A FLEXIBLE MANUFACTURING SYSTEM FOR

MANUFACTURING OPERATIONS OF RAILCAR SUBASSEMBLIES........cccooceotiiieinieieeieieeseeeeee 112
llesanmi Daniyan, Khumbulani Mpofu, Boitumelo Ramatsetse, Emanuel Zeferino, Elvis
Sekano

TRANSFORMATION OF TRADITIONAL ASSEMBLY LINES INTO INTEROPERABLE
CPPS FOR MES: AN OPC UA ENABLED SCENARIO .......cotiiiiiiiieiiteieeetecttesee sttt sveesvee e 118
N. Szanto, G. Pedone, G. Monek, B. Hay, J. Jésvai

SUITABILITY OF SELF-ORGANIZATION FOR DIFFERENT TYPES OF PRODUCTION .................... 124
Martin Krockert, Marvin Matthes, Torsten Munkelt

ROBUSTNESS EVALUATION OF PRODUCTION PLANS USING MONTE CARLO
STIMULATION ..ottt ettt ettt ettt e st etete st stestesesseseeseesessesessessesessensesessenseseesensesesseneesessensesessensesenss 130
Susanne Franke, Felix Franke, Ralph Riedel

WORK IN PROGRESS LEVEL PREDICTION WITH LONG SHORT-TERM MEMORY
RECURRENT NEURAL NETWORK ......ooiiiiiiiiiieeie ettt et et e e e et estaesteesseeensaesssaesssaesnseannns 136
Viola Gallina, Lukas Lingitz, Johannes Breitschopf, Elisabeth Zudor, Wilfried Sihn

PRODUCTION RESCHEDULING THROUGH PRODUCT QUALITY PREDICTION.......cccceeveviereieanne 142
Maik Frye, David Gyulai, Julia Bergmann, Robert H. Schmitt

ADAPTIVE AGV FLEET MANAGEMENT IN A DYNAMICALLY CHANGING
PRODUCTION ENVIRONMENT .......utiiiiiiiiietiteiteeiteeieeeteeeteeeteeetaeeteessaaeesseesssaesssesssseasssesssseesssesasesnnns 148
Julia Bergmann, David Gyulai, Jézsef Vancza

A SIMULTANEOUS LOCALIZATION AND MAPPING ALGORITHM FOR SENSORS WITH
LOW SAMPLING RATE AND ITS APPLICATION TO AUTONOMOUS MOBILE ROBOTS ................ 154
Krisztian Balazs Kis, Janos Csempesz, Balazs Csanad Csdji

AN APPROACH TO AIRLINE MRO OPERATORS PLANNING AND SCHEDULING

DURING AIRCRAFT LINE MAINTENANCE CHECKS USING DISCRETE EVENT

SIMULATION .....otiiiiie ettt ettt ette et te st eeteesbeeesteeesbeeesseeassaeenseessseeanseesnseesnsasanssesnssesnssesnseesnssesnseeenssesnses 160
Salah Albakkoush, Emanuele Pagone, Konstantinos Salonitis



DESIGN AND DEVELOPMENT OF AN IOT ENABLED PLATFORM FOR REMOTE
MONITORING AND PREDICTIVE MAINTENANCE OF INDUSTRIAL EQUIPMENT...........cccceeevueenn. 166
Dimitris Mourtzis, John Angelopoulos, Nikos Panopoulos

A MODIFIED WEIBULL MODEL FOR SERVICE LIFE PREDICTION AND SPARE PARTS
FORECAST IN HEAT TREATMENT INDUSTRY ...coiiiiiiiiiiii 172
Klaudia Kovacs, Fazel Ansari, Wilfried Sihn

A SLAG PREDICTION MODEL IN AN ELECTRIC ARC FURNACE PROCESS FOR SPECIAL
STEEL PRODUCTION ..ottt sttt sttt sttt sttt sttt st se st b e st ebe s be e besae e eneee 178
Maialen Murua, Fernando Boto, Eva Anglada, Jose Mari Cabero, Leixuri Fernandez

ENHANCE OF OEE BY HYBRID ANALYSIS AT THE AUTOMOTIVE SEMI-AUTOMATIC
ASSEMBLY LINES ..ottt ettt a4ttt a4ttt sttt sttt st s sttt s st s ssassaaaasaseannennannen 184
Péter Dobra, Janos Josvai

COBOT ATTACK: A SECURITY ASSESSMENT EXEMPLIFIED BY A SPECIFIC
COLLABORATIVE ROBOT .....oootiiiieiiteie ettt ettt e sveestte e siveessaeessbaessaaessbaessseesssaessseesssesssseesssesansennnns 191
Siegfried Hollerer, Clara Fischer, Bernhard Brenner, Maximilian Papa, Tanja Zseby

MULTI-MODAL INTERFACES FOR NATURAL HUMAN-ROBOT INTERACTION ........ccccvveeirireennes 197
Dionisis Andronas, George Apostolopoulos, Nikos Fourtakas, Sotiris Makris

A NOVEL MACHINE TOOL CONCEPT: ROBOTIC ELECTROCHEMICAL MACHINING.................... 203
Abdulkadir Cebi, Hasan Demirtas, Muhammed Turan Aslan, Oguzhan Yilmaz, Ali Riza Kaleli

DIGITAL TWIN TECHNOLOGY - EXTERNAL DATA RESOURCES IN CREATING THE

MODEL AND CLASSIFICATION OF DIFFERENT DIGITAL TWIN TYPES IN

MANUFACTURING ...ttt e e e e e et e e e et e e e et e e eeeaaeeeseaeeeeatteesseareesseaeeesaraeeesainns 209
Csaba Ruzsa

TOWARDS THE IMPLEMENTATION OF THE DIGITAL TWIN IN CMM INSPECTION
PROCESS: OPPORTUNITIES, CHALLENGES AND PROPOSALS........ooooieiieeteeeieeeteecvee et 216
Raoudha Gaha, Alexandre Durupt, Benoit Eynard

REQUIREMENTS ANALYSIS FOR AUTOMATING PRODUCT TESTING IN AEROSPACE
MANUFACTURING ..ottt ettt esite et e e rtteestee e teeebeeetaeasseeassaaasseeassseassesasseesssesssssesseessseesssesnsseennns 222
Mohammed Elsouri, James Gao, Alister Wilson, Lancelot Martin, Robin Pyee

GAP VOLUME PREDICTION FOR AIRCRAFT WING ASSEMBLY ....cccccoviiimiirinieiiineienenieceneienens 227
Ye Yang, Yan Jin, Mark Price, Gasser Abdelal, Colm Higgins

THERMAL BEHAVIOR DETERMINATION FOR WIRE ARC ADDITIVE
MANUFACTURING PROCESS .......co ittt ettt ettt e etee et esaeeeteessaaeestaesssaasssessnseassseesnseesssesanseennns 233
Ahmet Suat Yildiz, Baris Koc, Oguzhan Yilmaz

DESIGN AND ADDITIVE MANUFACTURING OF A FATIGUE-CRITICAL AEROSPACE
PART USING TOPOLOGY OPTIMIZATION AND L-PBF PROCESS .....ccccotrieiniieinieieenieeeseeeeeee 238
Akin Dagkolu, Istemihan Gokdag, Oguzhan Yilmaz

THE INFLUENCE OF 3D PRINTING PROCESS PARAMETERS ON THE MECHANICAL
PERFORMANCE OF PLA POLYMER AND ITS CORRELATION WITH HARDNESS ......ccccccvvvvviiiii. 244
Muammel M. Hanon, Jézsef Dobos, Laszlé Zsidai



APPLICATION OF THE STRAY STATISTICAL LEARNING ALGORITHM FOR THE
EVALUATION OF IN-SITU PROCESS MONITORING DATA DURING L-PBF ADDITIVE

MANUFACTURING. ..ottt ettt sttt ettt ettt sttt sa e st sbe bttt esbenaesbesbesueeaeeneensennens

Aoife C. Doyle, Darragh S. Egan, Caitriona M. Ryan, Andrew C. Parnell, Denis P. Dowling

ROUGHNESS PREDICTION OF LASER CUT EDGES BY IMAGE PROCESSING AND

ARTIFICTAL NEURAL NETWORKS......oooiiiiiiiiiiteeeeese ettt

Alberto Tomas Garcia, Nikita Levichev, Vitalii Vorkov, Gongalo Costa Rodrigues, Joost R.
Duflou

DETECTION OF EXACT AND NEAR DUPLICATES IN PHASED-ARRAY ULTRASOUND

WELD SCAN ..ottt sttt st bt sttt e aesa e s bt bttt e st enae st e s bt sueeaneneensennens

Etienne Provencal, Luc Laperriére

SURFACE ROUGHNESS PREDICTION MODEL OF GH4169 SUPERALLOY ABRASIVE

BELT GRINDING BASED ON MULTILAYER PERCEPTRON(MLP).......ccccecveviiiiinininininicieiennns

Guijian Xiao, Jiazheng Xing, Youdong Zhang

AN ACCURATE TOOL WEAR PREDICTION METHOD UNDER DIFFERENT CUTTING

CONDITIONS BASED ON NETWORK ARCHITECTURE SEARCH ........cccccceciiviiininiiiiicieiene

Jianmin Wang, Yingguang Li, Jiagi Hua, Changging Liu, Xiaozhong Hao

RESIDUAL STRESSES FIELD ESTIMATION BASED ON DEFORMATION FORCE DATA

USING GAUSSIAN PROCESS LATENT VARIABLE MODEL.......cccccociiiiiiiiiiiinieciceeeeeeeen

Xiaoxue Hu, Yingguang Li, Zhiwei Zhao, Changging Liu, Konstantinos Salonitis

DRILLING OF CARBON FIBRE REINFORCED POLYMER (CFRP) COMPOSITES:

DIFFICULTIES, CHALLENGES AND EXPECTATIONS ......ccocoiiiiiiiiiiiiieieicecceceeie

Norbert Geier, Jinyang Xu, Csongor Pereszlai, Daniel Istvan Po6r, J. Paulo Davim

Author Index

....... 250



