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Abstract

This article examines options of an innovative design of intralogistic systems by interfacing small-scaled
modules. Current intralogistic systems are quite customized with unique solutions and small production lots. In
most cases these systems feature a central main control. To offer highly individual solutions, thus meeting the
demand of shorter life cycles, there is a need for more flexible material handling systems. Hence, identical small-
scaled modules with integrated intelligence present a promising approach. Requirements and options are
analyzed to develop a small-scaled module as a basis for a flexible intralogistic system. An essential requirement
for a small sized module is functional flexibility to allow configuring individual intralogistic solutions. Thus,
these modules have to combine a variety of functions to provide not only a material flow function but also
sorting and distributing functions, for instance. Furthermore, an easy extension of the system in any plane
direction should be possible. Approaches based on existing technology, such as roller conveyors or belt
conveyors are considered along with new solutions concerning this ambitious challenge. A further development
of swivel wheel technology and some new ideas like a swivel disk present promising solutions. With a flexible
mechanical solution we can design modules that can be developed into self controlling elements.

1. Introduction

In-plant material handling as part of the intralogistics industry offers an enormous rationalization potential to all
industries JARN 06, WOL 07]. The requirements of a materials handling system become more complex from the
mechanical point of view concerning the material to be conveyed, functionality as well as the system control.
Very different materials to be conveyed - from smallest not packed parts to large cardboards and containers,
which together use one conveyor system - place high demands on a material handling system.

Functionalities are customized particularly to a given application, ranging from pure transport to complex
assortment and transfer functions, like for fully automatic storage warehouses or goods commissioning, for
example. Usually the common material flow systems used today are controlled principally by programmable
control system.. The position of the material to be conveyed is determined e.g. by optical sensor systems such as
light barriers. Trackings and tracings are calculated by the programmable control system so that assortment
procedures are introduced as needed. These systems are mechanically predefined and therefore functionalities
like sorting or transferring are locally bound in the system. Such functionalities are usually designed for the
largest material to be conveyed which can be handled by the system and usually resulting in less performance for
smaller materials to be conveyed. Layout changes require considerable effort. A new trend-setting material
handling solution must meet individual complex tasks of transportation with implemented intelligence and be
flexible enough for changes and adjustments with low investment costs.

Similarly, small-scaled material flow components with integrated control and data processing provide a solution.
In combination, these single modules solve complex material flow tasks and promise cost advantages by their
similar design. On one hand the homogeneity of elements applied will decrease production costs by an increased
number of uniform items. On the other hand advantages of standardised interfaces lead to reduced planning and
installation effort.

Operating an intralogistic plant maintenance, its repair and functional flexibility play a substantial role. At the
moment this is realized by exchanging both specific elements and expensive local assembly works. Inexpensive
small-scaled modules permit a simplified exchange of entire modules without complex assembly and adjustment
work.

An important aspect of the modularity is the design of individual decentralized intelligence instead of a central
control system hierarchy, since the potential of modularity can be used best with autonomous units. Approaches
of decentralized modular components are realized and described in [DEM 08, TRA 08]. Decentralized structures
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such as the internet or behavior patterns in nature (comparable to social behavior of groups) serve as a model for
the development of new control systems [OVE 07]. Individual interactions can result in a profitable whole; take
ant cultures as an example. A lack of hierarchy and the high resilience and reliability are main characteristics of
these systems. The controlling intelligence or logic is distributed among the elements of the system and the
overall system can be expanded almost indefinitely.

Self-controlling material flow processes are described amongst others in [HOM 06].

The “internet of things” applying RFID technology is based on a decentralized intelligence distributed on the
material flow elements [SEI 05, FLE 05, OVE 05]. The material to be conveyed can influence its flow direction
by communicating with the system, for example by means of RFID labels which are detected and selected by
conveyors or at transfers in order to direct the materials and goods through the system. As a result a flexible
routing can be arranged. Standardized interfaces on similar modules are necessary which significantly reduce
planning and installation effort and costs.

The challenge is to develop small-scaled material flow modules which can be produced economically in high
quantities. The interfacing of several modules will generate technical functionality by interaction effects like
networking, for instance (Figure.1). Special focus during the design process of the modularity principle is put on
lower weight class (GK1, up to 50 kg /110 Ibs) [DUB 05]. In this class the modularity principle in combination
with a downsizing appears most promising.

2. Requirements of a small-scaled conveyor module

A small-scaled module needs to be developed which can be produced economically in high quantities. An
interfacing of many similar modules thus generates a material flow system. Subtasking will be the investigation
of the mechanics, the drive and the control systems as well as the communication among the modules. Questions
about the functionality of a basic module depend very much on the functional purpose of the overall system. It is
possible, for example, to implement basic modules as belt conveyor miniatures with conveyor operation in main
flow direction (x-direction) with integrated control logic and interfaces to communicate amongst each other. The
modular developed system offers all conceivable functions as accumulating in main flow direction x. For
functionalities in y-direction, like transferring and sorting functions, further or additional modules are necessary,
which actually would bind this functionality locally into the system.

Modules with the possibility of material flow in x and y-directions are more complex, regarding the design but
the modularity is more consequent, however. Transfer and sorting functions are flexible and possible everywhere
in the system. Depending on functional requirement of the overall system there are several options to develop a
modular system. First, the mechanical functionality is analyzed. This is structured into three levels:.

1. Module with simple functional range

2. Modules with simple functional range extended by modules with special functionalities for transferring
and sorting

3. Modules with extended functional range, multi directional modules

Modules with multi directional functionality offer the most flexibility. Tablel illustrates a comparison of
concepts with different mechanical function range of the modules:

modules with simple
functional range

modules with simple
functional range extended by
modules with special
functionalities for transferring
and sorting

modules with extended
functional range, multi
directional modules

Symbol

+
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modules with simple modules with simple modules with extended
functional range functional range extended by | functional range, multi
modules with special directional modules
functionalities for transferring
and sorting
Function Transportation in one Transportation in one Multi directional
direction, accumulation direction, accumulation operation in x-, y-
Transfer/sorting functions by | directions at any position
extending specific modules in the system
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Application Smaller simple systems Smaller simple systems with | Solution for complex
extended performance range at | materials handling tasks
locally bound positions in the

system
Possible realization : Belt or roller conveyor Belt or roller conveyors Swivel rollers
modules extended by x-, y-modules

designed as roller conveyor
with belt transfers

Properties/performance | Mechanical Extended functions locally System extendable in x-,
standardization bound y-direction

Table.1Functional range of a modular approach

The basic module needs to display high compatibility with the materials to be conveyed, especially at the
interfacing points to adjacent modules. A higher degree of small scaling results in a higher number of interfaces
between the modules. The relation between module size and conveying speed is an important aspect. The usual
speed range of modern intralogistic conveying systems lies between 30 and 120 m/min. Special high
performance sorting systems have even higher speeds.

For the controlling of the material flow tasks position detection and identification of transportation units are
necessary. The detection by means of optical sensors is independent of the material specification of the
transportation unit and is preferred to capacitive or magnetic sensors. The design and organization of the optical
detection on the modules depends on the size and shape of the transportation unit in relation to the module size
and to the number of modules combined by the control system. Optical proximity switches have proven
beneficial in intralogistic applications and they are available in very small sizes. This solution in combination
with fiber optics appears especially interesting. Saving space, this fiber optic detection can be implemented at the
detection position on a small scaled module. The electronics can be set up separately from the detection point
inside the module. Even new methods of data transfer by fiber optics can be used [FAH 08].

For the implementation of its own intelligence and an extended functionality it is necessary to equip each module
with sensor systems.

The modularity of the elements should allow extension in various directions. Reflection and the one-way light
barriers have the advantage of high reliability at low costs. However, as a disadvantage detection is only possible
over the entire width or length of a conveyor. For extended functionalities it is necessary to detect smaller areas
if, say, transportation units are lined up and next to each other on a module system with sort function. Detecting
goods on each module is only possible if the optical sensors are integrated into each module and detect the
transportation units from below. Dust deposit from above might be another disadvantage of these systems.
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Figurel: Modular systems

In order to determine whether a module with , for example, square surface area is occupied, it would be ideal to
detect all edges of a module. Here a completely new trend-setting technology could be used. In [FAH 08] a
procedure to dispense of polymer fiber optics is described. In this connection optical polymers are used in order
to integrate fiber optics into mechanical components. The polymer fiber optics can be brought into the surface of
the small-scaled module directly in order to allow plane wide area detection.

For the power supply of the actors an interface concept appears to be suitable by means of which the drive
supply is passed on by interfacing from module to module, by an energy bus, for instance. Non-contacting
systems for energy transmission are already accomplished [BEU 99, BEU 01]. However, those systems are
comparatively large and are disadvantageous to the efficiency. For the data processing bus systems will be used
and further developed. A wireless communication might present an alternative possibility, like WLAN or
ZigBee with standardized transmitter and receiver at every controlled module, for example.

Possible control models are currently examined in [OVE 09-01], [OVEQ09-02]. In the context of these studies,
which are accomplished by the Institut fir Transport und Automatisierungstechnik (ITA) of Leibniz University
of Hanover in co-operation with Transnorm System GmbH, a three level control model with a superordinate
control level for the entire logistics system is suggested. Among them the control level for individual flow of
material functionalities such as sort procedures in union of logistics elements is located. In the subsystem level
the control logic is distributed decentralized on the small-scale modules. The state of the system and subsystems
and its change over time in these levels can be described wit a transition function. Part of the investigation is the
possible linking of these transition functions.
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3. Approaches based on existing technology

In order to make the complexity of the solution identification clear and conceivable, one can avail oneself of
appropriate solution identification methods [PAH 93] and search in suitable solution catalogs as [KOL 98, EWA
75, LIN 08, ROT 00]. Order patterns are used for systematic search, from which solutions can be derived and
which, in turn, facilitate linkage. Figure 2 shows the exemplary procedure.
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Figure 2: Resources for systematic solution determination, organization schemes
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Belt Conveyor

Small-scaled belt conveyor modules can be connected with each other. Depending upon size of the modules and
the conveyed transportation units several modules can be utilized by a transportation unit in longitudinal as well
as in transverse direction. In connection with small-scaled belt conveyor modules only functionality in
conveying direction (x-direction) is given. Sorting tasks and discharges or transfer operations in y-direction are
not possible unless the modules are very small in comparison to the size of the transportation unit, and transfer
units can be placed between the belt conveyor modules. One possible design might be hoisting belt dischargers.
As drive systems, depending on the size, smaller three-phase alternating current drives and direct current drives
are used which are applicable in the form of roller drives.

Belt conveyor )
/ Drive roller

o

Figure 3:Schematic of a small-scaled belt conveyor

Roller conveyors

Regarding functionality and connectivity, discharge functionality is given in y-direction only by supplementing
discharge modules between the rollers, very similar to belt conveyor modules. as mentioned before. The
discharge module lifts up between the rollers and conveys to y-direction. In summary, this solution shows a bi-
directional module, which corresponds to the mechanical requirements. As drive systems depending on the
requested size three-phase alternating current drives and direct current drives are applicable in the form of roller
drives.

Roller conveyor Drive roller

Belt transfer

DID
B DD

Figure 4:Schematic of a small-scaled roller conveyor

Swiveling Rollers

Swiveling rollers are ideally designed as roller drive. That means that the drive system is integrated in the roller.
Preferably an adjustable small direct current drive is used which is stored in a swiveling- and supply-module
(connection module) within the same drive system supply. For conveying and swiveling, two rollers as
homogenously as possible specially designed actuators are necessary. The Combination of n x n small-scaled
swiveling roller elements and its connection to one module is shown in Figure.5 and Figure.6. Such elements
also can simply be mechanically connected and, like it is currently applied on swiveling roller discharge systems,
share one drive for conveying and for swiveling. This reduces the investment costs and substantially facilitates
the realization.

An advantage of this solution compared to the solutions specified before is the sort output. Belt and roller
modules with discharge systems display their y-functionality at an angle of 90° to the main conveying direction.
Sort functions with swiveling rollers are clearly more efficient, because the material flow can be turned back in
arbitrary angles and thus can be distributed from the continuous material flow. It might also be possible to
develop swiveling rollers driven by electric motors using conventional means which fulfill the given
requirements of conveying and swiveling speed. Figure.2 shows corresponding system designs. The developed
conveyor modules are suitable for the connection of small-scaled conveyor systems because of their flexibility.
A material flow system that consists of combinations of such conveyor modules is not competitive owing to its
total costs. However, it might be shown that a combination of small-scaled conveyor systems can technically be
realized and it shows a high potential for increasing the flexibility in intralogistic applications.
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Swiveling roller

. L Chain drive (swivel mechanism)
round belt (Drive swiveling rollers)

Self-aligning coupling (swivel
mechanism)

Drive shaft for swiveling rollers

Servo motor (swivel mechanism)
Synchronized pulley for

synchronous belt drive

Small-scaled conveyor module with

integrated sensors Module matrix consisting

/ of 12 modules

Figure.5: Concept study based on belt driven swiveling rollers
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Swiveling roller with o
integrated drive Interfaced swiveling modukes
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Base with swivel drive (servo
motor)

Swiveling roller with
integrated drive

-Prototype Swivel roller with integrated
electronic drive, ITA 2008

Base with swivel drive (servo
motor)

Figure.6: Concept study based on swiveling rollers

4. New approaches for the development of small-scaled
modules

In the following chapter new approaches for the development of small-scaled modules are presented and be
examined on the basis of first concept studies.

Axial-Piston Driver

The idea of an axial or turning piston driver is based on the basic construction of an axial-piston pump.
Concentrically and axially arranged pistons or tappets rotate in a disk around an axle and are controlled in their
stroke by a swash plate. With rotation of the disk the deployed tappets carry forward the goods to be conveyed
and retract again after contact with the material to be conveyed. By rotating the swash plate it can be determined
at which angle of rotation the pistons reach their maximum stroke and thus the conveying direction can be set. A
corresponding concept is shown in Figure.4. Due to the fact that this system concept represents a new approach
for small-scaled modules, no practical experience is available at this time. A significant aspect regarding the
applicability is the compatibility with common materials to be conveyed. The system makes special demands on
the material to be conveyed due to the small and wide-spread contact area. The bottom of the goods must be very
plane and solid. For example, plastic containers with plane bottom would be usable. The movement of the
tappets describes a curve. The material to be conveyed is moved tangential to the curve in the point of contact.
Due to the system design solutions surrounding noise reduction have to be considered, too.
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Figure.2: Concept study of an axial-piston driver as conveyor module

Swash Plate

The concept of a swash plate is the simplified principle of the presented axial piston driver. A rotationally
symmetric disk inclined to the conveying level contacts the material to be conveyed at its highest, from the
conveying level most prominent point and enables movement with rotation around the own axle. By turning the
disk around the Z-axis, which is orthogonal to the conveying level, the most prominent point of the disk shifts
around the Z-axis and the direction of the conveying changes. Thus a version with variable conveying direction
is possible. A corresponding concept is shown in Figure.5.

Rotating swash plate

Change of direction by module rotation

Figure.3: Concept study of a swash plate as conveyor module

By the tangential curve shaped movement in the point of contact deviations from the ideal conveying direction
are possible. This disadvantage can be compensated, however, by adept arrangement of the elements, like
alternately arranging left or right hand side inclined counter rotating elements in x- and y-direction, for example.
The concept of the swash plate offers the possibility of combining several swash plates to one module, in order
to save drive systems or use conventional and larger drive system solutions.

5. Summary

Solving in-plant material flow problems, the approach of interfacing small sized modules offers a considerable
economization potential. On the one hand the integrated intelligence in combination with local controlling and
standardized interfaces reduces the control effort. The modules can easily be exchanged and used in any location
of the system. Communication and control approaches for the interconnected modules are currently examined
separately at the ITA within the project CogniLog [OVE09-01], [OVE09-02].
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On the other hand we gain more geometric flexibility due to smaller sized modules. Identical modules create
benefits in production and price. A multi directional working conveyor module, able to realize functions like
sorting or change flow direction anywhere in the system is fundamental for a small sized identity. Some
conveying technologies like swivel rollers offer promising approaches, new solutions will also be discussed.
Another important aspect is the possible initiation of a technology change especially in the field of drive system
technology and components.

To benefit the small sized modules in a complete range more research will be necessary. In the field of
mechanical conveying technique research for new methods of materials translocation has to increase, by which
ultimately it is possible to design small sized multi directional modules. The control for these modules will be
covered by local implemented intelligences and their communication. In the field of drive technology the use of
mechatronic actuators will be examined.
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