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Y pobGoTi npuBeaeHi pesynbTatv iHPOPMALINHONO MOLEMOBAHHA MaHinynauiiHoro
po6ota uumknosoro Tuny (MI9-C), WO BUKOPUCTOBYETLCA Yy MacoBUX onepauisx
nepeposnoiny BaHTaXXOMOTOKY, 30Kpema y MexaHivyHiM BupobHuuTsi. IHpopmauinHa mogens
Hagae 3MOory BiATBOPUTK peakuito poboTa Ha neBHi kepytodi curHanu YNK 6e3 BpaxyBaHHSA
ANHaMIYHMX BNACTUBOCTEN MOro MexaHiuHoi cuctemun. PoBoTu Takoro Tuny npuaHadeHri ans
3aMiHK Npadi NIaUHK Ha LWKIgNMBomy, Hebe3ne4yHoMy Ta MOHOTOHHOMY BUPOGHULITBI 32 yMOB
Moro MacoBoro xapakrepy. B skocTi po6o4oi pe4oBMHN BUKOPUCTOBYETLCS CTUCHEHE MOBITPS,
Lo 3Haxoautbes nig Tuckom go 0.5 MlMa. Po6oT Mmae BigHOCHO HEBENUKY BAHTaXXOMiANOMHICTb
(0.2 kr) Ta NMpuU3HayYeHUn ONS BUKOPUCTAHHA B NOFMCTUYHMX Onepalisix aBTOMaTU30BaHOroO
BMPOBHMLTBA, SK TO 3aBaHTa)KeHHS/pO3BaHTaXKEHHS BEPCTaTiB, COPTYBAHHSA BAHTaXKOMOTOKIB,
obcnyroByBaHHA CKNaacbkuMx onepadii, To wo. PoboTn aHanoriyHOro Tuny MaroTb MEBHI
0oBMexeHHs, Wo NoB’s3aHi 3 YacoM nepeHanarofXeHHs CMCTEMW YnopiB Npu nepexodi Ha
BMNYCK HOBOI NpoAyKLii, o noTpebye NeBHMX 3aTpaTt Yacy Ta MaTtepianbHUX pecypcis i TOMy
30inbwye cobiBapTiCTb MPOAYKLii, 4Yepe3 L0 YHEMOXIMBIIHOETLCA 3aCTOCYBaHHS TaKuMX
poboTiB y 6araToHOMeHkNaTypHiM ApibHocepinHim BMpobHuuTBi. [poTe B uinomy, poboTn
TaKOro TUMNy 3Haxo4dATb 3aCTOCyBaHHA B 6araTbox cdepax HapoAHOro rocnogapcTea 3aBasku
CBOIN NPOCTOTI, HAAINHOCTI, HASBHOCTI NPOCTOrO IHTEpPMency 3B’A3KY 3 CUCTEMOIO KEPYBaHHS,
B SIKOCTi KOTPOI MOXe BUCTYyNnaTu 3BUMYAMHUIA NPOrpamoBaHUi noriyHuin koHTponep (MJ1K).
CTaHOapTHUM KOMMMEKTHUM MNPUCTPOEM KepyBaHHsi pobotom MI9-C BucTynae uwmknosa
cuctema kepyBaHHs ELIMTY 6030, ska nepegbavae 3aBgaHHa pobodoi nporpamu y Burnagi 30
KagpiB (MakcumanbHa KinbkicTb) 3a gonomoroto 10-no3unuiiHMx nepeMmnkadis 3agaHHA KomaHg
Ta pobOTYy 3a Ujieto Nporpamoro B OAHOMY 3 YOTUPbOX PEXUMIB: HanaromXeHHs, NOKPOKOBOrO
BMKOHAHHS, LUWKNOBOMY Ta aBToMaTuyHOMy. Cuctema KepyBaHHA nepenbadae
nporpaMyBaHHs 3aTpUMKW Ain poboTa Ha NEBHU NporpamoBaHuii Yac Ta 6noKyBaHHSA MOro
poboTu Npu ouvikyBaHHI Aii obnagHaHHsA, WO npautoe 3 poboToM B OAHOMY TEXHOMOMYHOMY
umkni. BukopucTaHHs MaHinynsauinHux poboTtiB  noTtpebye po3pobku Ta MNpPUCKINIIMBOro
TECTYBaHHA MporpamMHoro 3abesneyvyeHHs TrpyrnoBOro KepyBaHHA Takumu 3acobamu. 3a
Hacnigkamy poboTu po3pobneHa iHpopmauiiHa anapaTHa Mogenb MaHinynsauinHoro podoTa
LUMKIOBOro Tuny, sika ctBopeHa 3acobamu CAMNP MAXPLUS+II  cipmm ALTERA, wo
BiATBOpPOE fAii OOnagHaHHA 3 BUKOHAHHS Kepylo4yoi MporpaMu, 3adaHoi KOMMIEKTHUM
NMPUCTPOEM  KepyBaHHs,, abo WMOoro MIKPOMPOLECOPHUM  aHanorom. BukopucTaHHs
iHpopMmauinHoi Mmogeni poboTa crnpoluye sk 6e3nocepenHo po3pobKy CUCTEMM KepyBaHHS Tak
i il nporpamyBaHHs. 3anponoHoBaHa iHdopMauiHa mogens mMoxe OyTu BMKOpUCTaHa B
ONCTaHLUIMHOMY HaBYanbHOMY npoueci npu po3pobui, MogerntoBaHHi Ta TECTyBaHHI CUCTEM
KepyBaHHS LUKINOBMM poboToMexaHiuHMM obnagHaHHsaM. Mogenb Moxe OyTu BigTBOpeHa sk
anapaTtHMMK Tak i nporpamMHMMmu 3acobamu, WO A03Bonsie iHopmauiiHo ob’egHaTtu i 3
CUCTEMOO KEpPYBaHHs B pamkax Tiei x camoi CAlP.

Knroyoei cnoea: maHinynsuiinun poboT, aBTomMmaTM3oBaHe BUPOOHULTBO, LIMKIIOBa cucTema
KepyBaHHS, NporpaMoBaHuii NOrYHUI KOHTPOrnep, anapatHa MoAensb.

Bctyn

Komn’toTepHi cuctemu KepyBaHHS aBTOMaTUYHUM TEXHOSOTNYHUM
obnagHaHHaM (TO) NoBUHHI nepeabavaTi MOXIMBICTb LLBUAKOMO NepeHanarogKeHHs
(nepenporpamyBaHHs1) Ha BUMNYCK HOBOI NPOAYKLUIT 3@ YMOB 1i Manux cepin Ta BENUKOT
HOMeHKNaTypu, npoTte BCi pyHKUiT TO 3anuwaloTbCa HE3MIHHUMMK, KOJNU NOETLCH Npo
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MNOro LMKNiYHy pobOoTy B pamKax ogHOi cepii. EKOHOMiIYHa e(peKTUBHICTb BUKOPUCTAHHS
LUMKNOBMX MaHinynauinHux poboTiB nagjae npu CKOPOYEHHi Yacy BUKOHaHHSA cepii
nNpoayKuil no BigHOWEHHK [0 4acy nepeHanagkn. 3 uiei obcTtaBuHW BUTIKAE
HeobOXigHiCTb gouinbHoro o6’emy cepii  NpoAykuii nNpu sKoMy 3aTtpatM Ha
nepeHanarogpkeHHs TO € eKOHOMIYHO 0Br'pyHTOBaHUMMN.

HasBHa po6oTa Mana Ha MeTi CKOpPOYEHHS 4acy nepeHanarogKeHHs
MaHinynsuinHoro poboTa LWNAXoM iMiTauinHOro MOAENOBAHHSA MOro Ain B HOBOMY
LMKITi TEXHOSMOrMYHOro 3acToCyBaHHSA. 3anponoHoBaHa iHpopMaLinHa MoaenNb MoXe
BUCTYNaTM OCHOBOK MOBHOI MoAerni poboTa, sika BpaxoByBana 6 B TOMy uyuchi i
ANHaMIYHI XapaKTepUCTUKN NPUBOAIB MO0 MEXaHi4YHOT BUKOHABYOl CUCTEMM.

Po3pobka iHthopmMaLinHOI CTPYKTYPHOI MoAeni npoMuUcrioBoro po6ora
LMKNOBOro Tuny

MogentoBaHHA npouecis, ki BiAbyBalTbCA Y NPOMUCIOBIM 0BnagHaHHi npu
BUKOHaHHI TEXHOMNOr4YHUX 3aBAaHb, HOCUTb LOMOMDKHUA XapakTep, WO [A03BOnde
PO3pPOOHMKY NPUCTPOIB KEPYBAHHSA Ta NporpaMHoro 3abesneyvyeHHss 4O HUX A0CnignUTU
Ta MEBHMM YMHOM ONTUMI3yBaTM anropuTMM KepyBaHHSA 3 METOH MOMIMNLIEHHS
NPOAYKTUBHOCTI Ta CTasnoCTi TEXHOSOrYHOro npouecy.

MeToto po3pobku aBTopyn GayaTb MNONIMWEHHS SKOCTI npaui po3pobHuka i
CUCTEM KepyBaHHS TexHosoriyHuMm obnagHaHHaM (TO) npy HanarogXXeHHi anroputmis
poBOTM TaKNX CUCTEM 3 BUKOPUCTAHHSAM IHpOpMaLiNHMX Moaenen Lboro obrnagHaHHS.

3aBAaHHsA, fKe BupilwyBanocb B xodi poboTu, nondrano B po3pobui
iHpopMaLiNHOT CTPYKTYpHOI Mmoaeni npomucnosoro pobota ([MP) unknosoro Tuny 6e3
BpaxyBaHHs MOro AUHaMiYHUX BaCcTUBOCTEN.

KiHemaTnyHa cxema TMNoOBOro NMPOMMCIIOBOrO LMKIIOBOro poboTa HaBeaeHa Ha
puc. 1.
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Puc. 1. KiHemaTnyHa cxema (a) Ta obnactb JOCSXKHOCTI (6) TpucteneHeBoro
MaHinynsauinHoro MNP unknosoro Tuny

Ak BiooMO 3 Teopil KepyBaHHS, Hanpuknag [1] 4na MoaentoBaHHS i LUKITOBOro
obnagHaHHS MOXyTb B6yTK BUKOPUCTaHI METOAM CUTE3Y KIHLEBUX aBTOMATIB [2], KOXXeH

3 AKMX 3aJaeTbCA NATIpKOW cumBoniB: & = {a, A, ¥, @, F}. Mig KiHUEBMM

aBToMatoM @ po3ymiloTb MNPUCTPIA 3 NaMATTIO, KOTPUN 3a4aETbCA MHOXUHO
AONyLWEeHnX BXIOHMX curHanis {al,az,ag,...,an}, MHOXWHOIO O0NYyLEeHUX CTaHIB
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BUXOLiB {21,22,,2,,“} a TaKoX MHOXMHOK [JONYyLIEHWX BHYTPILLHIX CTaHIB
{Xl,xz,xs,...,xp}, KOTpi noB'a3aHi MK cobol gBomMa JoriYHUMKU  OYHKLISIMK:
dyHKuieto Buxoais(*) n dyHkuieo nepexoais(**):

A(n) = pla(n), x(n)}, *
x(n+1) = F{a(n), x(n)}, *%x

ae /1(n) — BEKTOp BUXiAHUX curHanis B N-Mii MOMEHT AMCKPETHOrO Yacy; x(n +1) -

(1)

BEKTOP BHYTPILLIHIX CTaHiB aBTOMaTy B MOMEHT 4acy (N + 1)-T]7, ne T -

YacoBuMI NPOMIXKOK anckpeTunsauii. Cuctema piBHsiHb 1 Hagae astomat Mini,
AKNIA Pi3HUTBCS Big moaeni asTomaty Mypa (2) cnocobom 3agaHHsA BUXIOHMX

2(n) = o{x(n)};

x(n+1) = I"{a(n), x(n)}.

[nsa onucy noBegiHkM poboTa CKOPUCTAEMOCH rpadpiuHNM yABNEHHAM, WO
HaBedeHe Ha puc. 2.
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Puc. 2. N'pad moaeni noBeaiHku poboTta

HanmnpocTtiwmm 3acobom peanizauii Takoro aBTOMaTy MOXE CHYXUTU
nporpamMHnin MOAynNb, AKUA OONy4aeTbes A0 cuctemun kepyBaHHA (CK) y TectoBOMYy
pexuMmi, ane Hawe 3aBaaHHA nepeabadae CTBOPEHHS aBTOHOMHOI LMAPOBOI Mogeni
poboTa onda nepesBipkn BCix Moxnmeux BigmoB TO. BuxigHMmun curHanamm crany
uuniHgpa € curHanu kiHuesux Bumukadie SQ_ L ta SQ_R — niBoro Tta npasoro
KIHLUEBOro MOSIOXKEHHA  WToKa uuniHgpa. BxigHum  curHanom  KepyBaHHSA
MOHOCTabiNbHMMN MHEBMATUYHMMKU KnanaHamu nHeBMouuniHapa € curHan «D»
(Direct) — Hanpsam pyxy wToka uuniHgpa. 3 ornsgy Ha Te, wo obuasa knanaHu
npauroTb NPoTMdasHO, BUCTavYae nvwe oaHoro curHany. [na npueegeHHs mogeni
NnoBeiHKM Y MOYATKOBUN CTaH MOXe CTaTu NOTPIGHUM curHan npmveBedeHHs mogeni Ao
Takoro ctaHy. Ha rpadi (Buxoga4m 3 Moro Tononorir) 3agaHnii peBepCUBHUN NiYNITbHUK
Ha 3 cTaHu. B kpanHix cTaHax PopMyeTbCA OAMH 3 OBOX HECYMICHUX CUrHarsniB i
BiOOYBaETbCS OYiKyBaHHA NpoTUdasHOI Ail; B cepedHbMy cTaHi obugBa curHanm
BiOKNIOYEH (imiTauia pyxy wToka).

[na cnpoleHHs npouecy NpoekTyBaHHA ogpa3dy Moxe OyTu 3anponoOHOBaHUN
3-po3psiaHMA PEBEPCUMBHUN 3O4BUTOBUW PErNCTP 3 ABOMA NOCIAOBHMMM BXo4aMu, 4O
O[HOr0O 3 AKMX O0NYyYaeTbCHA «OAUHULSAY», a OO iHWOro «Hymnb», a 40 BXo4y Hanpsama
3aBury nogaetbca curHan «Dy». Cxema Takoro npucTpoto, Wo cnpoektoaHun B CAIMNP
MAXPLUS+II dpipmn ALTERA HaBegeHa Ha puc. 3, a 4acosi giarpamu, WO NOSICHIOKTb
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noro poboty Ha puc. 4. lNoBHa iHdopmauinHa mogens pobota MIM9-C HaBeaeHa Ha
puc. 5 i came BOHa MOBHK MIPOK 3a4ae aHarnor BMKOHABYOrO PIBHA LbOro
TEXHOMNOor4YHoro obnagHaHHs.
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Puc. 3. AnapaTtHa iHbopmMaLinHa Moaesib BUKOHABYOro npueoga MaHinynsuinHoro
uuknosoro pobota «bobik»: D-curHan kepyBaHHA HanpsAMoMm pyxy (BXia);
Q_11iQ_2- curHanu gaTyukiB NOYaTKOBOrO Ta KIHLLEBOro NOSOXEHHA CxBaTy
BignosigHo (Buxoau); CLK, RESET — curHanu CMHXpoHi3auii i ckugy aBTomaTta
MOAeni BignoBiaHo (Bxoaw)
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Puc.4. Yacosi giarpamu mogentoBaHHA pyxy npueoga poboTa
(CAMNP MAXPLUSHII)
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Puc. 5. lNoBHa iHdopMauiiHa Moaens BUKOHABYOro piBHs LnknoBoro podota MIM9-C
y BUMAAi CUHXPOHHOIO uMdpoBoro asTomary: «bobik»- mogyni kepyBaHHS
npuBO4aMK 3a TpbOMa He3anexHuMmn koopamHatamm (Z, X, Y- puc. 3);

GRIP- curhan, wo Bignosigae ctaHy 3axsaTty poboTta

3 ornagy Ha NPOMUCNOBI TEXHONOTII, MOAENb Mae NeBHi OOMeXeHHs: 1) BOHa
He BigoOpaxae AMHaMiYHI BNacTMBOCTI poboTa; 2) BOHaA MIHIMI3ye O4iKyBaHHSA Yacy
crpaubOBYBaHHSA NEPEMILLEHHS KOXHOro umniHapa poboTta 4o 3 MalUMHHUX TaKTiB, Yac
SKWMX KOPUCTYBaY 3aga€ cam; 3) Mogenb He Mae curHanis 61oKyBaHb Bif 30BHILLHbOrO
obnagHaHHS B TOMY YnChi | MO BiACYTHOCTI TUCKY CTUCIONO MOBITPS; Ui CUrHaNM MoXxHa
3aBECTUN B CUCTEMY KEpPYBaHHA OKPEMO (MUHYHOUN BUKOHABYY cuCcTeMy poboTa).

3anponoHoBaHe pileHHA Moxe OyTu BUKOpUCTaHe B  OUCTaHUINHOMY
HaB4YanbHOMY npoueci (Hanpuknag Ha nnatdgopmi TINKERCAD abo ii aHanorax) B
SIKOCTi iIHCbopMaUiHOT MoAeni BUKOHaBYOro piBHA NPOMUCIIOBOrO LMKNOBOro poboTa.

BucHoBkuU

3 ornsiay Ha NPOMUCIOBI TEXHOSOrIT, MOAENb, WO OTpUMaHa B Xo4i poboTu, Mae
neBHi obmexeHHsA: 1) BOHa He Bigobpaxae guMHamiuHi BnacTuBoCTi poboTa; 2) BOoHa
MiHIMi3y€ O4iKyBaHHS Yacy cnpavlboByBaHHS NepeMilleHHs KOXXHOro uuningpa poboTta
[0 3 MalMHHUX TakKTiB, Yac SKMX KOPUCTyBay 3agae cam; 3) Moerb He Mae curHarnis
6roKyBaHb Bif, 30BHILLHBOro 06r1agHaHHA B TOMY YMCHI i MO Bi4CYTHOCTI TUCKY CTUCNOrO
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NOBITPS; Ui CUrHaNM MOXHa [oJaTu OO CUCTEMWU KepyBaHHA OKpeMo (MUHarouu
BMKOHaBYy cuctemy pobota).

3anpornoHoBaHe pilleHHs MoXe OyTM BUKOpUCTAHE B AUCTaHUINHOMY
HaBYanbHOMY npoueci (Hanpuknag Ha nnatcdopmi WOKWI abo i aHanorax) B SKOCTi
iHbopMaLiHOT MOAEN BUKOHABYOro PiBHS NPOMMUCIIOBOrO LMKITOBOro poborTa.
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Modeling of an industrial robot of a cyclic type

The paper presents the results of information modeling of a manipulation robot
of a cyclic type (MP9-S), which is used in mass operations of cargo flow redistribution,
in particular in mechanical production. The information model makes it possible to
reproduce the robot's reaction to certain control signals of the CNC without taking into
account the dynamic properties of its mechanical system. Robots of this type are
intended to replace human labor in harmful, dangerous and monotonous production
under conditions of its mass nature. Compressed air under pressure up to 0.5 MPa is
used as a working medium. The robot has a relatively small load capacity (0.2 kg) and
is intended for use in logistics operations of automated production, such as
loading/unloading of machines, sorting cargo flows, servicing warehouse operations,
etc. Robots of a similar type have certain limitations related to the time of readjustment
of the stop system when switching to the production of new products, which requires
certain time and material resources and therefore increases the cost of production,
which makes it impossible to use such robots in multi-item small-batch production.
However, in general, robots of this type are used in many areas of the national
economy due to their simplicity, reliability, and the presence of a simple communication
interface with the control system, which can be a conventional programmable logic
controller (PLC). The standard complete control device for the MP9-S robot is the cyclic
control system ECPU 6030, which provides for setting a work program in the form of
30 frames (maximum number) using 10-position command assignment switches and
working according to this program in one of four modes: debugging, step-by-step
execution, cyclic and automatic. The control system involves programming the delay
of the robot's actions for a certain programmable time and blocking its operation while
waiting for the operation of the equipment that works with the robot in one technological
cycle. The use of manipulation robots requires the development and meticulous testing
of group control software by such means. As a result of the work, an information
hardware model of a manipulation robot of a cyclic type was developed, which was
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created by the MAXPLUS+II CAD tools of the ALTERA company, which reproduces
the actions of the equipment when executing the control program specified by the
complete control device or its microprocessor analogue. The use of the information
model of the robot simplifies both the direct development of the control system and its
programming. The proposed information model can be used in the distance learning
process when developing, modeling and testing control systems for cyclic robotic
equipment. The model can be reproduced by both hardware and software means,
which allows it to be informationally combined with the control system within the same
CAD.

Key words: manipulation robot, automated production, cyclic control system,
programmable logic controller, hardware model.
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