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MANIPULATION OF SENSITIVE OBJECTS USING COMPRESSED AIR

The article deals with the issue of object manipulation, the nature of which requires specific properties of the environment
in which the manipulation takes place. The handling of CD/DVD media was chosen as an example. For this purpose, as part
of the preparation of educational stands at our department, a teaching workplace was designed and implemented, which will
serve to train the frequenters of our faculty in the field of effective use of compressed air in manipulation tasks requiring the
generation of negative pressure. The stand described in the article is available both to students as part of the educational
process and to the technical public as part of demonstrating the benefits of the proposed application.

In addition to the general criteria for the manipulation task, the article also describes the solution of the stand, including
the design of the pneumatic circuit and the designed control program for the used PLC.

The article has an educational and descriptive character.
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Relevance of the research. The manipulation task in an automated process is always as-
sociated with certain limitations, which force a designer and engineer to find the optimal solu-
tion while observing the established limitations. We can simply refer to these constraints as
boundary conditions of manipulation.

In technical practice, there is often a need to handle "sensitive objects", e.g. objects requir-
ing increased cleanliness (especially with regard to the presence of mechanical impurities -
dust, etc.). These requirements are most often present in the electrical industry, but also in re-
lated areas, such as in the production of media for digital recording (CD and DVD media).

In the production of these carriers, in addition to the quality of the environment in which
the handling takes place, it is necessary to observe the conditions for gripping them. The con-
ditions change, as a rule, depending on the ongoing phase of the production process.

Problem statement. The CD/DVD carrier consists of a total of 4 layers, which are bonded
to each other in a certain order during production (Fig. 1).
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Fig. 1. The layers forming the CD carrier
Source: [1] — modified by the author.

During production, the basic component is a polycarbonate (polymethyl methacrylate) disk
with an outer diameter of 120 mm, a central hole of 15 mm diameter and a thickness of 1.2 mm
(Fig. 1, layer A).

During production, the most sensitive phase is when the metal layer B is installed on the
polycarbonate plate A and then treated with the top lacquered layer C. Contact with the metal
layer B is inadmissible, as a trace after the touch can be considered an error when reading the
inscription. Likewise, layer D intended for printing (aesthetic point of view).
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During manipulation operations, the central ring is considered to be the optimal surface for
gripping, contact with which does not threaten the usability of the medium itself (Fig. 2). Its
size is limited to a ring with an outer diameter of max. 34 mm and an inner diameter of 15 mm.
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Fig. 2. Dimensions of the area usable for gripping the CD carrier
Source: created by the author.

In addition to the already mentioned area bounded by an inner diameter of 45 mm and an
outer diameter of 117.5 mm (metallic layer B), the area carrying information about the disk
(something like the FAT table on floppy disks) is also "forbidden". It consists of a ring with an
inner diameter of 37 mm and an outer diameter of 45 mm.

Analysis of recent research and publications. Restrictions on gripping apply only during
the initial stages of carrier production, when the recording layer is applied (in the case of R/RW
carriers) or until the record of the work offered on the carrier is created (pressing of the metallic
layer). For these stages of production (manipulation of the basic polycarbonate disc), specially
adapted vacuum suction cups have proven themselves in technical practice as contact handling
means (Fig. 3), possibly cyclone suction cups (Fig. 4).
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Fig. 3. Special shapes of vacuum suction cups
Source: catalog data [6].
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Fig. 4. Cyclone (Bernoulli) suction cups of various manufacturers
Source: by editing the catalog data of [8; 5; 7; 1] — created by the author.
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While vacuum suction cups in a special size adjustment can be used practically without
limits, the use of cyclone suction cups requires solving the problem of gripping a single piece
of CD carrier, since the vortex acting as the basis for the creation of a vacuum effect tends to
take more than just one piece from the stacked carriers, which can happen when storing in the
storage area for the next production step, a serious problem.

After the finalization of production, i.e. only when it is stored in the case, the carrier can be
manipulated from any side, even safer manipulation is from the side from which the record is read.

Uninvestigated parts of a common problem. When dealing with the issue of handling
CD carriers as part of the educational process, we therefore limited ourselves to handling the
finished carrier, which is a pressed CD with a recording (music CD or CD with data created in
a professional recording device). This limitation resulted from the need to purchase new suction
cups and special carriers intended for them. We considered these increased costs to be dispro-
portionate to such purposes of use. That's why we solved it by using 16mm diameter silicone
suction cups, and we chose the side of the CD carrier on which the print is applied as the grip-
ping surface.

Research objective. The goal of the post is:

1. approximation of the procedure for the design and implementation of the workplace,
which would allow the handling of CD carriers;

2. description of the handling task and design of the pneumatic circuit;

3. proposal of the sequence of steps during manipulation;

4. design of the control program for the controller (PLC);

5. description of the methodology intended for the implementation of educational and
practical training of students.

The statement of basic materials. As an educational aid for the purposes of the depart-
ment and the institute, a training stand was built in an attempt to make the students aware of
the dangers that the manipulation described above brings with it.

The stand was designed in accordance with the broader concept of practical teaching of
pneumatic mechanisms at the institute [9] as in order 12 separate workplace (Fig. 5).

The handling device is installed on a perforated steel plate of dimensions 700x550mm
placed on posts made of BOSCH aluminum profiles of dimensions 40x40mm.
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Fig. 5. Dispositional arrangement of the workplace

Source: photo created by the author.

The handling device itself consists of a pair of pneumatic drives produced by the SMC
corporation (a world leader in the production of pneumatic components): a rodless linear pneu-
matic drive with magnetic coupling 12-A-1 (CY3B25TF-320) and a compact linear drive 12-

A-2 (ECQ2B32- 30D) (Fig. 6).

12-A-1 )
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CY3B25TF-320 ECQ2B32-30D

Fig. 6. Drives used for the construction of the handling mechanism
Source: by editing the catalog data of [3, 4] - created by the author.

The rodless drive ensures the horizontal movement of the mechanism, the compact drive
ensures the vertical component of the movement.

Movement control is ensured by the form of a valve island marked 8-V-3, which is made
up of a trio of 5/2 bistable electropneumatic valves marked 8.1 ... 8.3 (Fig. 7). As can be seen
from the wiring diagram, Fig. 8, valves 8.1 and 8.2 are adjusted to 3/2 N.O. This is so that it is
possible to create the so-called positive control of the rodless drive (to ensure the possibility of
stopping in a defined position - on the sensor marked in the wiring diagram 12A1-S-3). For
this, it is necessary to apply pressure to both sides of the drive piston at the same time.
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Fig. 7. Valve island
Source: photo created by the author.

The third of the valves of the valve island 8-V-3 ensures the operation of the vertical unit
12-A-2.
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Fig. 8. Wiring diagram of the pneumatic circuit of the workplace
Source: compiled by the author.

This modification was required by the condition we set for the initialization of the mecha-
nism and its alignment during the individual stages of the activity.

The manipulation task of the mechanism consists in transferring any number of CD carriers
from the interval <I;11>. The maximum number of CD carriers is determined by the maximum
stroke of the used suspension of the suction cup carrier (Fig. 9).
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Fig. 9. Vacuum suction cup with spring-loaded carrier
Source: manufacturer's catalog [10].

The presence of a CD carrier in the tank is detected by a BALLUF diffusion sensor marked
12AX-S-X (see FBD diagram with control program, Fig. 11).

To initialize and align the mechanism, it is necessary to follow the instructions given in
Table. Buttons, Fig. 10, listed in the table are available on the training table, where the controller
controlling the sequence of workplace activities is also located.

Table — Meaning and use of initialization buttons

BUTTON ACTIVITY NOTE
TL1 Cycle START/cycle STOP
Setting the suction head above the point of with holding until the sensor 12-A-1-S1 is
TL2
tank reached
Initialization (bringing pressure to both sides
TL3 ) .
of the pistonless cylinder)
TL4 Moving the suction head away from the with holding until the sensor 12-A-1-S3 is
point of tank reached

Source: created by the author.
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Fig. 10. Control buttons
Source: photo created by the author.

The vacuum circuit ensuring the activation and deactivation of suction cups 12-A-3:1.4
and 12-A-3:1.5 is solved in the same way as we already described in the article published in
issue 3(25) of this journal [9]. This ensures that the ejector is disabled during the transfer of the
CD carrier from the storage location to the storage location. This significantly reduces the con-
sumption of compressed air.
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Fig. 11. FBD diagram of control program for PLC SIEMENS LOGO!
Source: created by the author.

Conclusions. The presented problem and the mechanism for its solution is a suitable addi-
tion to the concept of training workplaces for the practical preparation of our students, but they
also expressed their desire to borrow it from cooperative secondary schools. It will thus con-
tribute to the provision of better training for our students, to the provision of demonstration use
for people from technical practice as well as primary and secondary school students as part of
excursions at our institute.

The implementation of the described mechanism ensures the possibility, within the teaching
process at the department and the institute, to provide our students with a slightly better prepara-
tion for their use in technical and practical positions after completing their university studies.

We believe that even in such partial steps, there is potential leading to the fulfillment of
this effort of ours.
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MAHIITYJIIOBAHHA YYTJIMBUMHU OB’€EKTAMUA
3A JTOIIOMOI'OIO CTUCHEHOTI'O ITOBITPA

Y emammi posensinymo npobnemy maninynroeanta oo ’ekmamu, npupooa AKUX eumazae cneyuiuHux anacmugocmeli ce-
pedosuwa, y akomy 8i00y8aemvca MAHINYn08aHHA. Maninyioeanus, onucane y cmammi, BUMazae niosuyeHoi yeazu npu 3a-
XONnJeHHi KOHKpemHoz2o 06'ekma. Ak npukiad 6yno obparo 0ii 3 nocismu CD/DVD.

[l yboeo 6 mescax 6a2amopiunoi ni020mMosKU HAGUAILHUX CMEeHOI8 Ha Hawill Kagheopi po3poblieHo ma enpoeaodiceHo
yepeose HagualbHe Micye, ke Oyoe cydcumu OJisk HABYUAHHS CNYOeHmis Kagedopu ma iHcmumymy y cihepi epekmusrno2o u-
KOPUCIAHHS. CMUCHEHO20 NOGIMPSI NPU GUKOHAHHI 3a80AHb, WO GUMALAIOMb BUKOPUCTIANHS HE2AMUBHO20 MUCKY.

Mooenv pobouoeo micys, onucana 6 cmammi, 00CHynHa OJisi CMYOEHmMi8 SIK YaACMUNA HABYATIbHO20 NPOYeCy, d MAaKo’C
0718 MeXHIUHOI 2POMADCLKOCTI, K YaCmuHa 0eMOHCmpayii nepesaz 3anponoH08aH020 3acmocysans. Mooens 0036015€ upi-
wysamu He mibKu 3a2aibHy 3a0a4y MaHinyI068an s, ae il YaCmKo8I 3a80AHHs, N0 A3aHi I3 COpPMYBAHHAM, THIyianiz3ayicio ma
NPOSPAMYBAHHAM JIO2TUHO20 KOHMpOepa.

Kpim 3aeanvrux kpumepiie makoeo MaHinyisayiuHo2o 3a60aHHs, ¥ CIMAMMI MAKOHC ONUCAHO MEXHIKO-KOHCMPYKIMUGHe
piwenns modeni. Hozo mexniune piwenns nonsizae 6 po3pobienomy ma (Qizuuno peanizosanomy MexaHizmi, akuti 003601se
Mauinynioeamu oopanum 00 ’ckmom maninymosanns. [Ipoexmosana yacmuna nHeeMamuyHo20 KOWMypy, y SKIll CME0PIOEMbCs
He2amugHUll MUCK, PO3POOILEHA 3 YPAXYBAHHAM eKOHOMIL CIMUCHEH020 NOGIMPS Ni0 4ac MAHINYIAYIUHO20 3A80AHHSL.

Le 6yno docsenymo 3a 00nOMO2010 cxemu 3 6UKOPUCMAHHAM OOHOCHYRIHYAMO20 eNCEKMOpa 8 NOEOHAHHI 31 360POMHUM
KIanaHom i 6aKyYMHUM pe3ep8yapom, wo CMEopuio YMo8u 015 CIMEOPEHHs «8AKYYMHO20 3AMKY», HOOIOHO20 00 mMo2o, AKUlL
4ACO BUKOPUCINOBYEMBCA 8 2I0pABIYI.

Becwb yeil npoekm cmeopenux HaguanbHUx pobouUx MiCyb MAKOHC NIOMPUMYENLCA MEMOOUUHOIO RIOMPUMKOIO Y USTAOT HAB-
YATLHO20 MEKCMY (Hapasi 20MyemuvCs), 6KIIOYAIOYU NPOEKIMYBAHHS NHEBMATNUYHOL CXeMul, ONUC | napamempuyHe UHAUEHHs BUKO-
PUCMOBYBAHUX KOMNOHEHMIG | CKAAO0EHY Npospamy KepyeanHs 05l GUKOPUCTOBYBAHUX KOHMPOAepi6. TaKooc comyemuvcs npoekny-
6aHHs1 MA BNPOBAVIICEHHsL MOOYIIst RIOMPUMKU 6a3U OAHUX 051 8IONOBIOH020 8I060PY HeobXiOHOT ingopmayii.

Cmamms mae HaguanbHO-ONUCOBUL XAPAKMED.

Knrouoei cnosa: cmucnene nogimps; 6axyym, MAninyii08anHs,; 00 €Km MaHinyiayii; onmumisayis napamempis.

Puc.: 11. Tabn.: 1. bion.: 10.
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