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MATERIAL HANDLING MACHINES AND SYSTEMS - UMI-TWINN
PROJECT CONTRIBUTION
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Abstract: Nowadays, the Industry 4.0 concept affects every area of the industrial, economic, social
and personal sectors. The most significant changings are the automation and the digitalization. This is
also true for the material handling processes, where the handling systems use more and more
automated machines; planning, operation and optimization of different logistic processes are based on
many digital data collected from the material flow process. However, new methods and devices
require new solutions which define new research directions. In this paper we describe the state of the
art of the material handling researches and draw the role of the UMi-TWINN partner institutes in
these fields. As a result of this H2020 EU project, scientific excellence of the University of Miskolc
can be increased and new research activities will be started.

Keywords: Industry 4.0, material handling, UMi-TWINN, research cooperation

1. INTRODUCTION

The world is changing continuously. Nowadays, the Industry 4.0 concept affects every area
of the industrial, economic, social and personal sectors. The most significant changings are
the automation and the digitalization. Automation means the increasing of the number of
self-operated machines and other equipment, digitalization results the application of digital
technologies which generate, collect, store and process data during their operation. The
spreading of these new elements transforms all sectors of the economic and social life.

This is also true for the material handling processes. Handling systems use more and
more automated machines; planning, operation and optimization of different logistic
processes are based on many digital data collected from the material flow process.
However, new methods and devices require new solutions which define new research
directions. In this paper we describe the state of the art of the material handling researches
and draw the role of the UMIi-TWINN partner institutes in these fields. Main objective of
this publication is to outline the research topics and their results related to the project UMi-
TWINN and place them into the advanced industrial processes.
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2. RESEARCHES RELATED TO MATERIAL HANDLINGS — STATE OF THE ART

The origins of the material handling disappear in the mist of the past. The simplest
solutions to move and lift things and goods were applied in the earlier history of the
mankind. Many inventions and ideas were used for different purposes, from the wheel to
the sailing ships, to help moving of heavy and large objects.

The first big change in the history of the material handling was the first industrial
revolution in the 18" century, in which the motorized machines were appeared and spread.
The next step was the starting of mass production in the beginning of the 20" century,
where the effective handling became the most important objective.

At the end of the 20™ century the material handling was separated into different,
specialized groups which have different and limited scope. Of course, the tasks and
researches related to these individual categories have different forms and fields, which can
help to optimize the methods and devices of the separated areas. In the aspect of researches
related to material handling, we can describe 6 main areas (Figure 1):

e structure and operation of the machines,
system building/complexity,
planning methods for material handling,
automated operation,
operation problems,
looking for new/special/additional elements/solutions, etc.
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Figure 1. Main research areas of material handling

The oldest research task of material handling is the analysis of the structure and elements of
machines. All of the nowadays used handling machines were developed as a result of these
researches, but the importance of this activity has been changed for today. Most of material
handling machines reached a high level in operation, where the applied materials, elements,
structural solutions are near the actual optimum. It means that it is hard to increase the
efficiency of the machines. Of course, there are many researches related to the machine
elements, but it is realized by the large production companies as an internal research which
is not open for the public, or dealing with some special aspects (e. g. [1], [2]).
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One of the most frequent research areas is the system building, which is required by all
companies using handling machines. Most of the handling tasks are realized by several
machines and linked to each other, so the operation of the individual machines requires a
system concept. A handling system differs from the simple using of individual machines,
because system concept changes the planning and operation environment and the
considered conditions which require the application of different methods and devices [3].
System building is a very important and relevant research task in effective production
procedures, but it is focusing mainly to the harmonization and connection of handling
machines and tasks. A new direction of this area is the complexity analysis of handling
systems, which can help to build better system variations and structures [4].

During the planning procedure of material handling, handling tasks among the
production or other system objects, related to materials, elements, semi-finished and
finished products, have to be solved [5]. In generally this is a very complex task, because of
the large number of system objects and handling tasks. Researches related to this field deal
with the planning methods and their realization processes [6]. Because of the large
differences among the material handling system variations and the complexity of the
handling tasks, there is no universal solution for planning of material handling processes, so
the research targets to develop new methods and solutions for the planning tasks (e. g. [7]).

Main direction of the industrial area at this moment is the automation of the machines
and processes. This tendency is naturally valid for the material handling solutions, where
the application of self-operated machines and automated handling processes are in the main
focus. Most of the researches related to the automation deal with the operation character of
the machines and the elements of data handling required by the automated operation. New
directions of these researches are the cooperative robots [8] and the fully automated
handling processes [9].

Problems in materials handling are usually related to the dynamic behaviour of the
handling machines and the stochastic process or system parameters [6]. It is hard to
influence the stochastic events, however the dynamic behaviour depends on the operation
characteristics of the machines, which can be influenced. Researches related to the
operation characteristics of handling machines try to determine the behaviour of the
machine and the influencing parameters to control the dynamic effects (e. g. [10]).

Changing of production processes and customer needs influences the structure and
operation of the handling machines, which requires the application of new solutions.
Another important part of the researches in material handling is the searching of new
elements or solutions for the handling machines, and modify their operation suited to the
new needs. This is a very special area, which uses traditional element design methods and
also high creativity to develop new solutions (e. g. [11]).

Our scope is the research for handling machines, but there are many research areas,
where the activities related also to the logistic systems, because the behaviour of the
machines and the handling solutions influences the efficiency of the logistic processes (e. g.
[12]). There are many topics, activities and results related to all research fields, but the aim
of this paper to show only the researches of the UMi-TWINN project partners.

3. RESEARCH ACTIVITIES OF THE UMI-TWINN PARTNER INSTITUTES

In 2016 a new H2020 project have been started (UMi-TWINN), which targeted, among
others, to increase the scientific excellence and research capability of the University of
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Miskolc in the field of logistics. During the project duration, main activity was the
knowledge exchange among the scientific project partners, which are the Fraunhofer
Institute for Factory Operation and Automation (IFF), the Institute of Engineering Logistics
of TU Graz (ITL) and the Institute of Logistics of the University of Miskolc (LOG) [13].

3.1. Fraunhofer IFF

Founded in 1949, Fraunhofer undertakes applied research that drives economic
development and serves the wider benefit of society. At present, the Fraunhofer Foundation
maintains 67 institutes and research units, the majority of the more than 23,000 staff are
qualified scientists and engineers. International collaborations with excellent research
partners and innovative companies around the world ensure direct access to regions of the
greatest importance to present and future scientific progress and economic development.
With its clearly defined mission of application-oriented research and its focus on key
technologies of relevance to the future, the Fraunhofer Foundation plays a prominent role in
the German and European innovation process (Figure 2) [14].
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Figure 2. Role of IFF in the research activities of the Fraunhofer Foundation

The Fraunhofer Institute for Factory Operation and Automation is an independent research
institute geared toward production engineering in the Fraunhofer Foundation. IFF
concentrates its research on factory planning, operation and automation and attaches great
importance to new methods and technologies of digital engineering and their extensive use
in the development, production and operation of products and manufacturing systems. Main
research fields of IFF at this moment [15]:
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e smart work systems,
e resource efficient production and logistics,
e convergent supply infrastructures, etc.

3.2. Institute of Engineering Logistics (ITL)

Graz University of Technology pursues top teaching and research in the fields of science
and engineering for more than 200 years. An integral part of putting together excellent
education and training programs is knowing about the needs of society and the economy.
Ultimately, the quality of the education and training at Graz University of Technology is
carried by the strength of its knowledge-oriented and applied research. Numerous
competence centres, the Christian-Doppler laboratories, special research fields, research
focuses, and large EU projects are only a few examples of the university’s extremely active
and successful research [16].

As the TU Graz has 7 different faculties, its research activities cover many fields of the
economy (Figure 3). Researches related to material handling and logistics belongs to the

Institute of Engineering Logistics.
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Figure 3. Role of ITL in the research activities of the TU Graz

ITL focuses on the classic problems of logistics planning for the intra- and distribution
logistics and the associated layouting and engineering design of logistic systems. In
addition to the expertise in planning tasks, the institute was able to expand its expertise in
several national and international projects. Research activities and topics are related to the
next main areas [17]:

e logistics technologies,

e intra-logistics solutions,

e City-logistics, etc.
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3.3. Institute of Logistics (LOG)

University of Miskolc is the third largest institution of higher education in Hungary. As a
result of the consistent development policy of its 260 year old history, UMi has about
11,000 students and almost 1200 employees including 720 researchers. Since its foundation
in 1949, the Faculty of Mechanical Engineering and Informatics has become an educational
and research institution of decisive importance in Hungary [18].

University of Miskolc has 7 different faculties and a music institute, so its education is
very colourful. Industrial research activities are belongs to the three technical faculties and
the Faculty of Economics (Figure 4). Researches on the field of material handling and
logistics related to the Institute of Logistics of the Faculty of Mechanical Engineering and
Informatics.
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Figure 4. Role of LOG in the industrial research activities of the University of Miskolc

LOG has more than 60 years experiences in research and education, in which humerous
national and international, industrial and service, materials handlings and logistics tasks and
problems were successfully solved. Unfortunately, the economic changes of the last
decades reduced the research works at the Institute in number and also in complexity.
Because of this situation, research activities focussed on certain problems and tasks which
limited the development possibilities of the researchers. Most of the research and
development tasks of LOG related to the handling processes of manufacturing procedures
[19]. Relevant research topics of LOG today are

e material handling machines and storage systems,

¢ handling systems of production processes,

e logistic systems, etc.
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4 RESEARCHES IN PROJECT UMI-TWINN

During the preparation of the project UMi-TWINN, we tried to find research directions
suited to the profiles of the two, high level scientific partners, and for the start of the project
we selected three different, relevant topics which are much important for the economy
today (see Figure 5).

LOG
Institute of
Logistics 1. Material handling machines and storage systems

2. Handling systems of production processes

3. Logistic systems

IFF
Institute for
Factory Ope-
ration and
Automation

ITL
Institute of
Engineering
Logistics

1. Smart work systems @

2. Resource efficient production and logistics

1. Logistics technologies
2. Intra-logistics solutions
3. Convergent supply infrastructures 3. City-logistics

Project

UMi-

TWINN

1. Design of logistic systems and networks
2. Intelligent transport systems
3. Dynamical analysis of materials handling machines

Figure 5. Topic searching for the project UMi-TWINN

Related to the three main directions, we described three exact topics as main research areas
for exchange:

1. Design of logistic systems and networks

2. Intelligent transport systems

3. Dynamical analysis of materials handling machines

The topic Design of logistic systems and networks (e. g. [20]) focuses on both production
and service companies, and includes a wide set of tools and methods related to the supply
chain process, such as

* modelling and mathematical description of systems and processes of material

handling and logistics,

» development of new equipment selection methods for production systems,

* meta-heuristic optimisation of large scaled networking systems and supply chains,

» design and operation of warehouses and storage systems,

» computer-aided simulation, scenario analysis of production and service process, etc.
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The topic Intelligent transport systems (e. g. [21]) plays a crucial role in the implementation
of different logistics processes. Therefore, the development of a proper network
infrastructure is necessary for the unified market of the European Union. Intelligent
transport systems and their elements provide the basis for continuously satisfying the
guantitative and qualitative needs of the customers involving:
« physical internet,
* engineering methods for better design of material handling equipment in transport
systems,
* handle all the transport related information just-in-time,
 selection of the optimal transport parameters through the implementation of various
transportation strategies,
* reaching sustainable operation by increasing the energy efficiency, etc.

The topic Dynamical analysis of materials handling machines (e. g. [22]) focuses on the
planning and operation of handling equipment, and includes:

« planning methods for material handling,

« determination of system parameters,

 analysis of operation parameters,

« analysis of handling processes,

 analysis of dynamical parameters of handling machines, etc.

During the project duration the cooperation realized in different forms, the most frequent
activities were the organization of trainings, personal consultations with researchers,
participations on international conferences, publications in international journals and
preparation of joint papers and presentations.

As there are different subtopics belongs to all three directions, researchers involved into
the project dealt with many different problems (Figure 6) and resulted trainings, journal
papers and conference presentations. Some of the research topics have relations to more
than one project fields.
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Application of Demo3D in
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Figure 6. Topics trained and published in UMi-TWINN
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Our paper deals only the activities related to material handling, so we will give overview
about these publications and results. Activities related to material handling were realized in
four main subtopics:

« operation and problems of handling machines,

 design of handling machines and systems,

« determination of handling parameters,

» advanced solutions for handling machines.

4.1. Operation and problems of handling machines

Analysis of the operation of handling equipment is a general research task, but because of
the large deviations among the different machine types, it is hard to use a general method
for this purpose. In project UMi-TWINN we dealt with only certain machines, which suited
to the experiences of the partner institutes. During the project duration there were 3
trainings (by staff of ITL) on the specifications of machine elements of handling equipment
(e. g. chains). In this topic, staff of LOG and ITL published 3 papers in conference books
[23], [24] and an international journal [25]. Important part of the knowledge exchange was
the dynamical behaviour of chain elements in handling machines (Figure 7).

Figure 7. Analysis of chain elements in hoist
source: ITL

4.2. Design of handling machines and systems

Design of material handling machines and systems is a very old research topic, but there is
no universal method so far. In project UMi-TWINN we had 2 main objectives in this
matter, summarizing and evaluating the existing methods and trying to develop new
planning processes. During the project duration there were 2 trainings on the project
workshops (by staff of LOG) about the applied methods and a new planning concept
(process-based planning). In this topic, staff of LOG and ITL published 5 papers in a
conference book [26], [27] and in international journals [28], [29], [30]. Most important
results of the knowledge exchange in this topic is the implementation of KBE concept into
the research and education of LOG and the development of the process-based planning
concept (Figure 8).
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Figure 8. Algorithm of the process-based planning [29]

4.3. Determination of handling parameters

Planning and operation of handling equipment is based on the handling parameters, but in
many of the cases they are not previously given so they have to be determined. In project
UMI-TWINN we targeted to describe methods for the easy and exact calculation of the
handling parameters. During the project duration there were 2 trainings (by staff of IFF and
ITL) on the calculation methods and application of handling parameters and some computer
devices for them. In this topic, staff of LOG published 5 papers in a conference book [31]
and in international journals [32], [33], [34], [35]. Most important result of the knowledge
exchange is computer software (MHRelCalc) for the calculation of handling relations
(Figure 9).

Pt it e

|

Figure 9. Screenshot from the software MHRelCalc [31]
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4.4. Advanced solutions for handling machines

Suited to the Industry 4.0 concept, material handling methods and devices have to be
adapted to the new challenges, which requires many new solutions and additional elements.
In project UMi-TWINN we tried to search relevant fields on which the experiences of the
partner institutes can be implemented into the practice of LOG and the advanced solutions
have to be further developed. During the project duration there were 3 trainings (by staff of
IFF and ITL) on advanced devices and solutions (e. g. planning software). In this topic,
staff of LOG, IFF and ITL published 5 papers in a conference book [36] and international
journals [37], [38], [39], [40], [41]. Significant parts of the knowledge exchange were the
automation in material handling and the application of artificial intelligence (Al) in
handling devices (Figure 10).

Figure 10. Virtual Numerical Control Environment VINCENT
source: Fraunhofer IFF

5. SUMMARY

Handling systems use more and more automated machines; planning, operation and
optimization of different logistic processes are based on many digital data collected from
the material flow process. However, new methods and devices require new solutions which
define new research directions. Researches related to material handling are important
factors to build effective, high performance handling processes for advanced manufacturing
systems.

In this paper we gave an overview about the researches related to material handling
involved into the project UMI-TWINN, and their significance in the industrial processes.
During the UMI-TWINN project duration, staff of the partner institutes presented 6
research topics on international conferences all over the world and 12 papers were
published in international journals related to material handling.

As a result of these research activities new research directions were defined which are
important not only for the University of Miskolc, but his scientific project partners.

Most important output of these activities is the scientific reinforcing of the Institute of
Logistics of the University of Miskolc. All research topics exchanged during the project are
relevant industrial topics, which requires advanced technical solutions and high level
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knowledge in the related fields.

We hope that after the closing of project UMi-TWINN, we can continue the cooperation
among the partner institutes and we can implement the gained knowledge and devices into
the educational and research activities of the University of Miskolc.

At the other hand, based on the exchanged knowledge, the staff of LOG will continue
the started researches and can add new values to the performance and quality of the
industrial handling processes.
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