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DESIGN AND REALIZATION OF GRIPPERS WITH PERMANENT MAGNETS

Urgency of the research. Modern production requires simple and inexpensive component solutions for gripping large
parts. The design of gripping elements using a permanent magnet in this aspect is a promising direction.

Target setting. The aim of the project was to realize a gripping component from a commercially available pneumatic
drive supplemented with a neodymium permanent magnet and to revive the resulting assembly with a pneumatic portal ma-
nipulation device designed for educational activities at the department.

Actual scientific researches and issues analysis. Implementation of the project required a detailed market research fo-
cused on the tentacles of a similar concept and the study of the principles and properties of permanent magnets. By analyzing
the information the project objective was optimized - design of cheap and reliable gripping element.

Uninvestigated parts of general matters defining. Available components were used for the resulting solution, with an
emphasis on low acquisition costs. This was due to the fact that the output was intended for laboratory use.

The research objective. The aim of the research was to build a real functioning and reliably working gripping device usable as
an object for educational activities in the education of our students.

The statement of basic materials. Design and practical implementation of the grippers with permanent magnets for gripping
parts represented in the work. Activation and control of the grips is implemented by compressed air. The implementation of the out-
put confirmed the correctness of considerations as well as the feasibility of the repeatability of this output while meeting the basic
requirement for low costs. The project was based on the principles offered by leading companies, but the implementation out-
put gives a higher gripping force at lower input costs. In addition, it provides the possibility of extension to the size range
according to customer requirements.

Conclusions. The project was successful and its implementation also contributed to the improvement of the educational
process at the department, which was one of the monitored benefits. It provides an illustrative demonstration of the possibili-
ties of performing manipulation tasks with non-standard objects.

Keywords: manipulation task; automation; one-sided gripping; permanent magnet, pneumatic components.
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Introduction. When designing automated workplaces that require the handling of some
specific types of objects of manipulation (Owm), such as sheet metal or flat products (large di-
mensions in the X and Y axes of the basic coordinate system, but small dimensions in the Z
axis), classical forms of gripping these objects cannot be used.

The technical solution is the principle of one-sided gripping. Perhaps the most common
way of doing this is undoubtedly the manipulation with active vacuum suction effectors [35, 6].
However, some applications do not allow the use of vacuum, so they must be replaced by
more appropriate methods.

This is how our solution was created as the output of the diploma thesis [1]. It is based on
commercially produced effectors using a combination of compressed air and a permanent
magnet to fixing the object of manipulation.

One-sided gripping. For automated Om manipulating, it is necessary to clearly define the
handling task. This consists in executing a chain of operations related to changing the position
of the Owm in space, or changing its orientation in space, respectively both at the same time as
a sequence of operations related to its grasp in the starting point, its fixation during the ma-
nipulation period and its release at the target site.

For this purpose, devices commonly called gripping effectors are used. Depending on the
nature of action the gripping elements on the Owm, there are effectors with two-sided grip (or
more-sided grip), one-sided grip and a specific type of grip where there is no mechanical con-
tact at all, Fig. 1.
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Unlike double-sided (multi-sided) grasping, it is specific for unilateral grasping that the

grasping effector's contact with the Owm is often at only one point (unless the stability of the

Owm during the handling task is thereby impaired). If the force analysis for gripping by a single

element does not suit, it is necessary to use a larger number (2 or more) of gripping elements
and their arrangement should be solved by a suitable frame structure, Fig. 2.
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Fig. 2. Frame construction for one-sided gripping elements [6]

The physical principles used for one-sided gripping are varied [6, 7], Fig. 3.

The most commonly used are active vacuum suction cups, but also magnetic grippers with
electromagnets and permanent magnets.

The decisive factor for their choice is application suitability and of course price.

The suitability of the application relates to the suitability of the selected physical principle for
gripping a particular On (material and Ow surface quality, surface integrity, surface division, etc.).
GRIPPING FORCE PHYSICAL NATURE
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GRIPPING FORCE TECHNICAL REALISATION
Fig. 3. Physical principles used in unilateral grip

General effector model. To describe any effector (not just a gripper) it is possible to use
the general theory (theory of systems) about the system view of functional units and machinery.

The effector, as a technical system (assembly), is made up of elements (modules, func-
tional nodes). It can be defined and described by a generalized system model, Fig. 4. It con-
sists of functionally separate elements and modules and links [5]:

IF; flange connection to the robot IF, connection with the effector device
My complementary motion micromechanism G gripping effector
C position and orientation compensator T tool (technological effector)

S special effector (combined)
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Fig. 4. System model of the eﬁ‘ectgr [4], edited by the author
Constructional designs of magnetic effectors [5] may have one of the system structures
IFiMMCIF; - G
IFiMmIF: - G

IF:CIF; - G
IFIF; - G

The function of grasp - constriction - fixation of the passive gripper is accomplished by
applying permanent magnets Mp in the gripper assembly G.

In the specific arrangement of our solution it is then possible to select the arrangement
from the given classification

IFIMMCIF: - G
The starting point of the solution was the gripping effectors by GOUDSMIT [2], Fig. 5.
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Fig. 5. Passive magnetic gripper with pneumatic control by GOUDSMIT [2]

Similar solutions in their offer have eg. SMC, SCHMALZ and others. To compare our ac-
ceptance, we present selected parameters of these effectors, tab. 1.

Table 1
Comparison of selected parameters of magnetic effectors of world producers

. Diameter Pressure Price

Manufacturer Type Gripping force [N] [mm] [MPa] [EUR]
GOUDSMIT HGR 35...3500 20...160 -0,07...0,55 151...960

SGM-HD 35...290 30...70 0,3...0,6

SCHMALZ SGM-HT/-HP 28...560 20...50 0,25...0,6 300...900
SMC MHM-X6400 30...80 30...80 0,25...0,6 150...200

Source of information: [2], [3], [4].

Project realisation. For the purpose of our solution, the concept of using the existing pneuma-
tic compact drive CQ2B25-15D (SMC Corporation, Japan) [4] was used, on which a neodymium
magnetic lens with a diameter of 20 mm and a height of 8 mm terminated with an M6 thread was
mounted. This lens in a perpendicular direction provides a holding force of up to 140 N.

To eliminate the gripping force (release) between the Om and the magnet at the Owm release
location, the principle of detaching the lens from the Owm by the force of the pneumatic drive
was used. To add the Owm in the place of its storage is used a separating body, which was pro-
duced by 3D printing. The assembly and the illustration of the effector are shown in Fig. 6.
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Fig. 6. Pneumatically operated magnetic gripper

The total cost of building our concept did not exceed EUR 50. The supply pressure for the
pneumatic drive required to detach the magnet from the Om was 0.5...0.6 MPa.

It should be emphasized that the effector was developed for demonstration purposes with-
in the educational process at the department. therefore the figures given are for guidance only.
A detailed analysis of effector characteristics (dynamic tests, etc.) is under preparation.

The gripping effector was used as an end effector on the laboratory pneumatic portal
structure manipulation mechanism, Fig. 7.

Fig. 7. Pneumatic portal mechanism (a, b) and its control unit (c)
Perforated sheet blanks with dimensions of 100x60x2 mm were determined as Owm's in-
tended for manipulation with the effector.

The mechanism is controlled by the logic controller SIEMENS LOGO! (0BA6 ...). FBD
handling cycle program built in LOGO! Soft Comfort v. 8.0 shows Fig. 8.
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Fig. 8. Handling cycle program
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Since the withdrawal point of the handling mechanism is realized as an input with a hu-
man operator, one blank per one handling cycle is counted.

In order not to have to deal with special approach vectors of the manipulation device to
establish sufficient contact of the effector with the Owm, the compensator was applied as a sep-
arate mechanical structure defining the removal height during handling (compensation in the
Z + direction), Fig. 9.

Fig. 9. 3D model of gripping effector assembly
with compensator (a) and its real form (b)

Conclusions. The realization of the project from the assignment of the diploma thesis to
the realization output in the form of an educational model (stend) took several years and went
through several changes. Today, he is able to demonstrate in the process of teaching at the
Department of Robotics in explaining the individual principles of gripping effectors working
on the basis of one-sided gripping. There are other alternatives to unconventional one-sided
gripping solutions (e.g. Bernoulli suction cup).
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search & Development operational Program funded by the ERDF.
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ITPOEKTYBAHHA TA PEAJII3AIIA 3AXBATIB
3 HIOCTIMHUMHU MATHITAMHA

Axmyanvnicme memu docnioyncenns. Cyuache gupoOHUYMBO 8UMA2AE NPOCMUX | HEOOPOUX KOMNOHEHMHUX piuieHb
0714 3axonienns genukux oemaneil. 1IpoekmysanHs 3ax6amHux eiemenmis 3 UKOPUCMAHHAM NOCMIUHO20 MACHIMY 8 YbOMY
acnekmi € nepcneKmueHUM HanPAMKOM.

Ilocmanogxa npoénemu. Memoto npoexmy Oyno peanizyeamu 3axona004Ull KOMNOHEHM 3 HASAGHO20 Y NPOOAdICy NHes-
MAMU4HO020 NPUB0Oy, OONOBHEHO20 HEOOUMOBUM NOCMIUHUM MASHIMOM, i 3acmocysamu Oiia NPUBoOy 3axeamHo20 8y3nd
NHeBMAMUYHULL RPUCIPILE 0151 MAHINYIAYIT NOPMATOM, NPU3HAYEHUll Ol HABYANbLHOI disnbHoCmi Ha Kageopi.

Ananiz ocmannix docnioxcens i nyonikayiin. Peanizayis npoexmy eumazana 0emanbHo20 00CHIONHCEHHS PUHKY, OPIEHMO-
6aHO20 HA 3aX8AMU AHANOIYHOI KOHYenyii ma 8UGYeHHs NPUHYUNIE ma e1acmueocmell NOCMIUHUX MacHimie. B pe3ynemami
auanizy ingpopmayii 6yna onmumizosana mema npoekmy — HpOeKmy8ants Oeuiego20 ma HaoditlHo2o 3aX8AMHO20 elleMeHma.

Buoinenns nedocnioxcenux wacmun 3azansnoi npoonemu. /s 00epoicy8ano2o piuienHs 0yiu GUKOPUCMAaHi 00CmynHi
KOMNOHeNmMu, 3 aKyeHmoMm Ha HU3bKi gumpamu Ha ix npuobauns. Lle 6yno nos'azano 3 mum, wjo npoekm 6y8 npusHaveHuil
07151 1A6OPAMOPHO20 BUKOPUCHAHHSL.

Ilocmanosxa 3asdanns. Memoio docniodicenns 6yn0 cmeopents peanrbHo QYHKYIOHYIOU020 ma HAOIUHO Npayionio2o
3aX6AMHO20 NPUCMPOID, NPUOAMHO20 AK 00 €KM 0I5l HABYANLHOT OIAILHOCHI ) HAGYAHHT HAUUX CIMYOEHMIS.

Buknao ocnognozo mamepiany. Y pobomi npedcmagneno npoEKmMy8anHs i Npakmuuua peanizayis 3axeamis 3 noc-
MIUHHUMU MA2HIMamu 05l 3ax6a4y8ants demanel. Akmugayis i ynpaeninmsa 3axeamamu peanizyemocs CMUCHeHUM NO8im-
pam. Peanizayis pesynomamis niomeepouna npaguivHicms MipKy8ahb, d MAKoJIC NOBMOPIOBAHICMb Pe3VIbIMamie npu 0o-
MPUMANHI OCHOBHOT BUMO2U OO0 HU3LKUX GUMPAM.

Tlpoexm tpynmysascs na npuHyunax, 3anponoHOBAHUX NPOGIOHUMU KOMRAHIAMY, alle pe3yibmamu 8npoeaodlceHts Oe-
MOHCMpYlomb Oinbil BUCOKY CUTY 3aXONAeHHS npu MeHwux sumpamax. Kpiv mozo, 3abe3newyemucs Modiciugicms posuiu-
pents 0ianazony posmipie 8i0nogioHo 00 BUMO2 3aMOBHUKA.

Bucnogxu 6ionogiono oo cmammi. [Ipoexm 6y8 ycniwnum, 1020 peanizayis maxodic cCnpusna 600CKOHANIEHHIO HAGYA-
JILHO20 npoyecy Ha Kageopi, wo Oyno ooHiclo i3 3a3nauenux nepesae. Bin 3a6e3neuye naouny demoncmpayito modiciugocmei
BUKOHAHHS 3A80AHb MAHINYIIO8AHHS HECMAHOAPMHUMU 00 ‘€EKmamu.

Knrwuosi cnosa: 3aedanns maninyiayii; asmomamuzayis; 0OHOOIMHEe 3AMUCKAHHA, NOCMIUHULL MACHIM, NHEBMAMUYHI
KOMNOHeHmu.
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