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Abstract

The article presents the structure of the mecatresheet feeder for printing applications.
The design of the feeder and the structure of iddatl elements are discussed with particular
attention paid to the specificity of their appliats. The line and rotational actuators, clampingts
and components of vacuum techniques (generatorsankiers) as well as aeration nozzles are the
executive elements of the system. The functiondlilem of the feeder can be configured independent
of the level of advancement of the computer soéwsed in order to meet individual requirements
of the application. The feeder, which is a univessdf-feeder, is characterized by a modular stunet
enabling the work parameters concerning the siz# waight of the sheets fed, to be easily shaped.
Practical application of the feeder in printing als for a precise assembly of components from which
the multilayer product obtained by means of gluiteghniques is produced in a prototype
technological line.

INTRODUCTION

A crucial element of every technological line usedprinting industry that influences
the accuracy, rhythm and efficiency of work is ddoged by sheet feeders that supply
individual operating slots. Sheet feeders are mpapplied in solutions intended for low cost
production. Production of prototypes of multilaygoods that are electronically tagged
with the use of RFID chips is a particular examgflea small series production.

The Institute for Sustainable Technologies — NatioResearch Institute is currently
engaged in the realisation of research tasks duleett the improvement technologies
for the production of multilayer documents, incluglithose that are electronically tagged
as well. Undertaken activity concerns the develapnuad technology for the production
of durable products that are forgery-proof as &elthe construction of devices (technological
lines) for their manufacture [3, 6] and testing [2]

The solution presented in this article, that isrecize printing sheet feeder, is supposed
to be applied in small systems for the assemblgoltilayer documents. In the case of low
cost production lines for document prototypes maciwfre the importance of the sheet feeder
is significant, especially when the documents oflémizes. The feeder needs to enable
the supply of sheets of different format varyingnfr ID1 to A4 format, made of material
of different properties (paper, film), weight angickness (from 0.005 to 0.5 mm). One
of the factors that decides on the final effectstibated by the multilayer document produced
with the use of a gluing method, is the preciseembdy of all its components. It is thus
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crucial to design a feeder that would be chareasdriby a flexible structure of both
mechatronic solutions as well as the control sysipplied.

1. IDEA OF THE FEEDER

The technology for the production of multilayer dowents developed at the ITeE-PIB
assumes that the fed in components are of thewiwitp character: roll of paper or film
printed on the one side, one or two additional laygupplied in sheets. The idea for the
construction of the sheet feeder for the techngkddine (Fig. 1) was based on the following
functional parameters:

— The sheet fed in has the dimensions from 50x80 eng10x300,
— The tray holds 1000 sheets of offset paper,

— Work cycle is ca. 10 items/min

— Sheet alignment accuracy#6.1 mm.

The solution developed, due to the functions redlidelongs to the group of universal
self-feeders [4, 5] applied in printing machineshd constitutes a significant difference
between this solution and others available on treket is the fact that independently
controlled mechatronic modules have been appliedder to realize the following tasks:

— Vertical transport of the pile of sheets,
— Collection of sheets from the pile,

— Horizontal transport of the sheet,

— Alignment of the sheet,

— Transfer of the sheet.

Alignment of the \ /
sheet .

Collection of the
sheet

Transport of the
sheet

Transport of the
pile

Fig. 1. Feeder functional draft.

Source: Author’s elaboration

The system for the control of the executive modskrvo, pneumatic systems, vacuum
conveyor) in the function of signals coming frone thensors that confirm the tasks have been
completed (inductive transducers, reed convertaidsogtical transducers) is realised with t he
use of a local controller that constitutes one had integrated elements of the valve unit
controlling the work of the pneumatic executivenedmts.

2. STRUCTURE OF THE FEEDER

When building the feeder, the optimum design oheafcthe modules as far as their work
parameters are concerned, was of priority [4].
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The design stage concerned all the aspects cathedth the operation of the feeder
starting from the kinematic analysis of the systetimugh MES calculation and ending with
the final design of the device.

The pneumatic systems realizing individual taskscalfection, precise alignment and
transfer are the executive elements of the funatiorodules.

Fig. 2. Photo of the feeder: 1 — module for the verticatfef the pile of heets, 2 — sheet collection
module, 3 feed rolls, 4 — belt conveyor, 5 — slaignment module

Source: Author’s collection

The designer pneumatic system (Fig. 3) is compo$ehle valve unit and the executive
elements it supplies by FESTO. The configurablevevalinit is composed of impulse
controlled valves (eight 5/2 and six 3/2), a PL@tcoller, communication module and digital

input module that connects the signals from the@enconfirm the realization of individual
task.
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Fig. 3. Draft of the pneumatic system of the feeder

Source: Author’s elaboration

The executive elements of the system are rotatidinal actuators, clamping units,
vacuum components (generator, suckers) and aeraizgies.
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The sheets of paper that are to be further prodemseplaced on the plate of the vertical
pile feed module (Fig. 4). The position of the pole the plate is initially set from the feed
direction with the use of resistance bar and ggjidiars regulated manually to the size of the
sheet fed. The lift system composed of the S7 tmtusooperating with two alternately
operating pneumatically controlled brakes H1 andliHg the pile of sheets to the position
identified by the optical sensor. Once all the sheee collected or the maximum top position
is achieved, the plate is lowered so that anotatatbof sheets can be transported.

Fig. 4. Photo of the vertical piI feed module: 1 — pl&te, pneumatic lift unit, 3 — ball rail systems,
4 — side guiding bar, 5 — side bar alignment regriascrew, 6 — resistance bar, 7 — plate
location sensor

Source: Author’s collection

In the feeder of this type of structures (fig. iBfividual sheets are collected from the pile
and transferred onto the belt. The collection aised by the module equipped with vacuum
suckers P1, P2 and P3 that are supplied by thenpateu pressure generator GP1. The
application of the precise pressure regulator R@nal for the optimum sucking force to be
selected for the sheet transported.

Fig. 5. Photo of the sheet collection module: 1 — suck&rsyacuum generator, 3 — horizontal
actuator; 4 — vertical actuator, 5 — hold-down bhass 6 — back separator, 7 — side separator,
8 — optical sensor, 9 — guiding side bars

Source: Author’s collection

The complex supply movement is composed of thecaénnovement of the S5 actuator
with P1, P2 and P3 suckers that lift the sheetyals as the horizontal movement of the S4
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actuator with the lift unit. The position of the tde with relation to the pile and the
movement of actuators realizing the horizontal aadical shifts are set depending on the
format of the sheets fed. The horizontal movemenpreceded by the front resistance bar
being tilted with the use of the S6 actuator, whestables unobstructed conveying of the
sheet of paper in the direction of feed rollerse Tiodule is to collect one sheet of paper at a
time. This can be achieved by the application akb@1) and side (D2 and D3) separators
with aeration nozzles that separate the sheets twéhuse of compressed air. Hold-down
brushes prevent the collection of any other add#icheets of paper.

A single sheet is then placed between rotatingedrodlers and feed rollers connected
with pneumatic rotary drive SW1 (Fig. 6). The ostdry motion of the actuator, preceded by
the switching off the vacuum generator GP1, redultsont and back rollers being pressed
against the conveyed sheet of paper making it ntmwvards the feed belt. The position of the
feed rollers perpendicularly to the axis of thediereis set depending on the width of the sheet
fed. When the paper and the perforated film méet paper is sucked onto the film and then
they together are conveyed towards the alignmemtuheo Depending on the format and the
weight of the sheets fed, the optimum vacuum instneking collector and the speed of the
belt are set.

-
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Fig. 6. Photo of the horizontal module fof sheet conveyihg:feed rollers, 2 — pneumatic rotary
drive, 3 — driver rollers, 4 — feed belt, 5 — vaguregulation system, 6 — transported sheet

Source: Author’s collection

In order for the products with assumed geometityet@chieved, the components fed need
to be precisely aligned on the belt. In the solutileveloped (fig. 7) the sheet transported on
the conveyor belt is placed against the fendestémtperpendicularly to the axis of the feeder
— front marks. Correct placement of the sheet pkepas identified by the optical sensor and
the transverse alignment procedure is signaled. steel roller that is lowered by the S3
actuator presses the sheet against the rack pédord front marks. The rack is powered by
the pneumatic actuator S2 and makes a reciprocatiagjon with which the sweet is
conveyed in the direction of a side marks. Profignaent of the sheet is also signaled by
the optical sensor. The location of the side mdefpending on the format of the sheet, is set
with the use the adjustable fender of the rodlesse &1, onto which the mark is mounted
together with the S3 actuator with the hold-dowifero

The alignment system used, allows for the appbeatif the feeder in technological lines
that require different ways of the supply of thenpmnents that are to be processed. The
controller horizontal movement of side marks enaller instance the application of the
manipulator with the sucking plate for the transgtoon of the paper sheet in vertical plane to
the next technological unit. The application ofind side marks allows for the sheet to be
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conveyed with the use of, e.g. receiving rollers.

Fig. 7. Photo of the sheet alignment system: 1 — front )& k- optical sensor for the detection of
the front of the sheet, 3 - actuator with a hadsvd roller, 4 — actuator with a rack, 5 — side
mark, 6 — sensor for the detection of the siddefsheet, 7 — regulation screw for the
positioning of the side mark, 8 — drive of the sinlark, 9 — base sheet

Source: Author’s collection

When designing the control system of the feedersthacture of the autonomic device
was assumed for the realization of cyclical funt$ioln auto drive the accuracy of tasks
realised is controlled with the use of a local Riddtroller of the valve unit (Fig. 8).
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Fig. 8. Photo of the valve unit: 1 — valves, 2 — commundcaimodule, 3 — input modules, 4 — PLC
controller
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Source: Author’s collection

Communication with the superior controller respbiesfor the control over the en tire
technological line is realised via Ethernet netwarikh Modbus TCP/IP line. Developed
software solutions also allow for individual furarts of the feeder to be realized manually
under the supervision of the external PLC controlllm such a case, the Ethernet
communication line is used for the switching of tr@ves and to check the condition of
individual subsystems connected to the inputs eféilve unit.
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CONCLUSIONS

Presented solution of the mechatronic printing $svéeeder is a Universal self-feeder.
The application of pneumatic systems enabled tbenfegurable structure characterised by a
precise accuracy of alignment of the elements cgevéo be obtained. The control systems
using the valve unit with the integrated PLC colidroenables the feeder to function as an
automatic device that communicates digitally whie external system. The flexibility of the
structure of the feeder ensures a wide range otlihaegeability of work parameters such as
speed, shift, press force, size, weight. The foneti modules of the device can be configured,
independent of the level of the specialized soféewmased, to individual requirements of the
application. In the application presented, the éeeadlows precise collection, transportation,
alignment and arrangement of the sheets consgtugtructural elements of the three ply
glued final product in the form of a ticket or aatavith the RFID chip.

REKONFIGUROWALNY SYSTEM PODAWANIA
ARKUSZY W PROCESACH
TECHNOLOGICZNYCH

Streszczenie

W artykule przedstawiono bud@wechatronicznego podajnika arkuszy szczegolniapdkacii
poligraficznych. Omdéwiono koncepcjpodajnika oraz przedstawiono budowposzczegdlnych
podzespotéw funkcjonalnych z uwerlylieniem specyfiki ich zastosowania. Elementami
wykonawczymi ¢ sitowniki liniowe i obrotowe, jednostki zaciskow&pmponenty techniki
podcknieniowe] (generator, przyssawki) oraz dysze naptwapce. Podajnik nalecy do grupy
samonaktadakow uniwersalnych charakteryzuje snodutow; konstrukcy pozwalagcg na
ksztaltowanie w szerokim zakresie parametréw prawoygzanych z rozmiarem i gramatur
podawanych arkuszy orazgoikascig podawania. Praktyczne wykorzystanie podajnika plokacii
poligraficznych umdliwia precyzyjny montar komponentow skiadajych s¢ na wielowarstwowy,
tqczony w technologii klejenia, wyréb wytwarzany nat@typowej linii produkcyjnej.
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