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Session | — Learning in Industry 4.0 and cyber-physical production systems (CPPS) #1
27.03.2019 — 11.00-12.30 — Die Lernfabrik — Session Room A

Session Chair: Prof. Joachim Metternich

Interactive Learning of Assembly Processes using Digital Assistance

Hendrik Oestreich?, Torben Téniges?, Michael Wojtynek?, Sebastian Wrede?
2Research Institute for Cognition and Robotics (CoR-Lab), Bielefeld University, Universititsstr. 25, 33615 Bielefeld, Germany

Due to an increasing demand for individualized products and the resulting high variability in manufacturing processes,
flexibility and cognitive skills of human workers are highly important for manual assembly processes. Nowadays, novice
workers are often trained by colleagues or foremen in addition to and alongside their main work. Since time is usually scarce
and the procedure can be highly variable, one solution for the companies can be the introduction of digital assistance systems.
Hence, the focus of this contribution is the initial learning procedure of the assembly of a new and complex product.
Therefore, a user study was conducted in close cooperation with an industrial partner to compare the traditional way of
training to the self-paced learning with a digital assistance system. During the execution of the user study, objective data was
recorded to allow precise measurements of the individual learning progress. Furthermore, the subjective learning experience
was assessed using a customized questionnaire and a standardized task load metric. The evaluation of the study results
suggests that learning autonomously with a digital assistance system leads to similar performance curves as learning the
process through a personal explanation.

A Practical Approach of Teaching Digitalization and Safety Strategies in Cyber-Physical
Production Systems
Titanilla Komenda®P, Gerhard Reisinger®b and Wilfried Sihnab

aFraunhofer Austria Research GmbH, Theresianumgasse 7, 1040 Vienna, Austria
bTechnische Universitit Wien, Institute ofManagement Sciences, Theresianumgasse 27, 1040 Vienna, Austria

Digitalization strategies in cyber-physical production systems (CPPS) are one of the key factors of Industry 4.0. The topic not
only addresses data preparation, real-time data processing, big data analytics, visualization and machine interface design but
also cyber security and safety. Especially, unauthorized access to protected (personal or enterprise) data or unauthorized
control of production facilities imply risks when it comes to digitalization. Because of the increased complexity of state-of-
the-art technologies, educational institutions need to provide practice-oriented teaching methods in learning factories to
help engineers of today understand the impact of those developments. In the light of this fact, this paper presents a practical
approach of teaching digitalization strategies in CPPS. Planning, implementing and impacts of digitalization strategies are
taught on a use-case with human-robot-collaboration. The objective of the use-case is to realize a real-time obstacle avoidance
approach for a collaborative application based on a local positioning system. Here, students not only learn how to model the
kinematics of a robot and program a robot but also how to design machine interfaces for real-time data transfer and
processing as well as impacts of digitalization on safety and security. The implementation of the use-case is part of the TU
Wien teaching portfolio and thus part of its learning factory, where students and apprentices have the possibility to
experiment and gain experiences by deliberate error simulations.

Implementation of a cyber-physical cooling storage station in a learning factory
Marcus Vogt?, Benjamin Uhlig?, Kuldip Singh Sangwan, Christoph Herrmann?, Sebastian Thiede?

aTechnische Universitit Braunschweig, Institute of Machine Tools and Production Technology, Sustainable Manufacturing and Life Cycle
Engineering, Langer Kamp 19 b, Braunschweig, 38106, Germany
bBirla Institute of Technology and Science, Pilani, Pilani Campus, Vidya Vihar, Pilani 333031, Rajasthan, India

Learning factories are established means for learning production and process-engineering relevant topics and improving
holistic system understanding. Learning factories integrate real-world applications into small-scaled factories to teach
students, employees or researchers. Connecting the physical world with virtual (cyber) models to develop cyber-physical
systems has become attractive due to low cost, high performance I'T infrastructure. However, learning factories and cyber-
physical systems have been rarely combined. In this paper, a cyber-physical cooling storage station is presented, which is
integrated into an existing learning factory and its potential for engineering education is analysed. In addition, an innovative
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visualisation enables user interaction for learners. This system allows learners to experience the interaction of
thermodynamic processes, industrial sensors and industrial automation to deepen their knowledge in laboratory exercises.

Human Robot Interaction — learning how to integrate collaborative robots into manual
assembly lines
Henning Oberc?, Christopher Prinz?, Paul Glogowski?, Kai Lemmerz?, Bernd Kuhlenkétter?

aRuhr-Universitit Bochum, Chair of Production Systems, Universititsstrafle 150, 44801 Bochum, Germany

Human-Robot Collaboration (HRC) is one of the main challenges for companies today. Despite the trend on collaborative
robots, use cases within manufacturing systems seem to be still rare. Although collaborative robots are promised to be one
of the crucial innovations for ergonomically assistance for blue collar workers, the integration process into the production
process and the preoccupation of workers against robot assistance alike, can be assumed as biggest challenges for companies.
One of the reason might be the missing methodology and simulation tools for quick analysis of workplaces, in order to detect
possible workloads for robots. The given article presents a developed learning factory seminar for students as well as
industrial participants on how to integrate collaborative robots into manual assembly lines. This approach focuses on the
problem based learning structure of the seminar and on the essential methods and developed concepts which are necessary
to analyze workplaces, simulate robot integration with the possibility of analyzing the distributed workload between the
worker and the robot. Tools as a “quick check” analysis for HRC and the simulation software Editor of manual work activities
(ema) will be integrated during this concept. Besides the technological implementation and the different organization of
work by implementing HRC in a production process, the participants will also discuss the affects and changes for the
employees. This will cover the T-O-P (technology-organization-employee) approach [1] and will help to design an
implementation project for HRC.

Development of an education program for digital manufacturing system engineers based on
‘Digital Triplet’ concept
Yasushi Umeda?, Jun OtaP, Fumio Kojima¢, Masahiro Saito¢, Hiroki Matsuzawa¢, Takuji Sukekawa®,

Akihide Takeuchib, Kazuya Makida?, Shouhei Shirafuji®

2 Department of Precision Engineering, School of Engineering, The University of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo 113-8656, Japan
b RACE (Research into Artifact, Center for Engineering), The University of Tokyo, Kashiwanoha 5-1-5, Kashiwa, Chiba 277-8568, Japan
¢ Production Promotion Center, Denso Co., Showacho 1-1, Kariya, Aichi 448-8661, Japan

In the Industry 4.0 era, cyber physical manufacturing systems (CPPS) has started to change activities of manufacturing system
engineers into CPS based ones. In typical Japanese factories, manufacturing system engineers are always stationed at the
shop floor and continuously improve manufacturing systems with workers. For supporting such engineers’ activities, we are
developing the concept of ‘Digital Triplet’ as an extension of Digital Twin. Digital Triplet consists of intelligent activity world
in addition to the cyber world and the physical world and supports manufacturing system engineers in developing
engineering processes with the cyber and physical worlds. Based on this, we are developing an education program. In this
paper, we first describe the concept of Digital Triplet. Next, after explaining the overview of the education program, we
introduce a course in which trainees (mainly novice engineers) execute ‘Kaizen’ with a prototype CPS system of a learning
factory.

Connectivity as a prior challenge in establishing CPPS on basis of heterogeneous IT-software
environments
Stefan Trabesinger?, Rudolf Pichler?, Daniel Schallb, Richard Gfrererc

aInstitute of Production Engineering, Graz University of Technology, Inffeldgasse 2sf, Graz 8o10, Austria
bSiemens AG Austria, Siemensstrafle 9o, 1210 Vienna, Austria
cT-Systems Austria GesmbH, Rennweg 97-99, 1030 Vienna, Austria

More and more elements in a modern production system are becoming smart devices and it is reasonable to integrate them
into a Cyber Physical Production System (CPPS) in a consistent manner. There is the broad goal of many industrial players
to open the rich potential of the Industrial Internet of Things (IIoT), which has to be fast, secure and adaptive. The growing
number of “things” in a production system requires satisfying connectivity solutions that are different to an easy coming
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“Peer-to-Peer architecture (P2P)”. The approach followed at the smartfactory@tugraz — the Learning Factory of Graz
University of Technology in Austria — to achieve such an integration is to deploy an Enterprise Service Bus (ESB), which is at
the core of Service Oriented Architecture (SOA). The goal is to integrate three main software applications including the
Product Lifecycle Management (PLM), the Enterprise Resource Planning (ERP) and the Management Execution System
(MES). The additional challenge in this project is that these mentioned main applications are all provided by different
suppliers. The selected SOA approach provides the basis for a scalable and extensible solution via Connectivity Modules and
standardized interfaces. The smartfactory@tugraz validates this SOA approach by applying it to a real and fully operational
manufacturing line. The smartfactory@tugraz is not only a learning factory but rather an open ecosystem by offering both
students and researchers as well as industrial partners the ability to perform research on this subject. It is thus the ideal place
to study the challenges and to understand the benefits of pushing a CPPS to a mature level in terms of connectivity in a
manufacturing context.
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Session Il — Learning Factory Concepts #1
27.03.2019 — 11.00-12.30 — Die Lernfabrik — Session Room B

Session Chair: Prof. Dr. Dimitris Mourtzis

The virtual FMS — an engineering education environment

Hasse Nylund?, Veikko Valjus?, Ville Toivonen?, Minna Lanz?, Harri Nieminenb
aTampere University, Faculty of Engineering and Natural Sciences, P.O. Box 389, Fl-33104 Tampere, Finland
bFastems Oy Ab, Tuotekatu 4, FI-33840 Tampere, Finland

The challenge of education related to large technical systems is to provide enough hands-on experience. Virtual models and
visualizations make it easier to explain the behavior of those systems. This paper discusses on the development of such a
learning environment for engineering education that focuses on planning, operation, and analysis of Flexible Manufacturing
Systems (FMS). The aim of the learning environment is to allow the students to achieve the intended learning outcomes
mostly with learning by doing. For this purpose, the learning environment is introduced and the individual exercises are
described with their teaching and learning activities. This kind of learning by doing in an environment, which is similar to
environments in manufacturing companies, enhance the learning results and serve the needs of the industrial companies
recruiting the students.

Center of Excellence for Lean Enterprise 4.0
U. Dombrowski?, J. Wullbrandt?, S. Fochler?

2Technische Universitit Braunschweig, Institute for Advanced Industrial Management, Langer Kamp 19, 38106 Braunschweig, Germany

Lean Production Systems are state of the art in manufacturing industry. A Lean Enterprise integrates all business units, such
as Lean Development, Lean Production and Lean Sales and Service, as well as Lean Administration or Lean Leadership in
order to maximize efficiency and effectiveness of value creation on an overall level. Current research suggests that the process
orientation as well as the efficient design of value streams within a Lean Enterprise are the necessary foundation for the
beneficial implementation of Industrie 4.0. However, changes in the working environment through Industrie 4.0
applications as well as the need to sensitize employees in terms of interdisciplinary thinking, process orientation and
interconnected value creation lead equally to changed competency requirements in future world of work. After giving a
theoretical presentation on changed competency requirements for the employees of the future, it will be shown how the
Institute of Advanced Industrial Management (IFU) at Technical University Braunschweig makes a structured contribution
to meet these requirements. The aim is to develop fully integrated practical learning environments to give students as well



