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PAZPABOTKA MOJEJIN BYKCUPA-ABTOMATA C ASUMYTAJBbHBIMU
BUHTOPYJIEBBIMHU KOJIOHKAMMH (ABA) C HCITOJIb30BAHUEM

TEXHOJIOT' Wil AJJJTUTUBHOI'O MAKETHPOBAHUSI

C.H. CmykoHnoe, acnupanm

B uccrenoBaHuy 11poIeMOHCTPUPOBAHBL JITOPUTMBL paboThI IPyIIIbl Mojienelt ABA Ha miardopme BceHa-
IIpaBJIEHHOTO JBIUKeHMs. [IpecTaBiiena cripoekTupoBaHHast Mojienb ABA, Britouaromas B celsl, TaKue KOM-
TIOHEHTHI KaK KopIryc cyaHa, kuneBas koHcTpykims (KK) u BunTO-pynessle komoHkU (BPK). Mogens ABA
ObLIa Bocco3aHa rocpencTBoM 3-/1 meuaru. [lokaszan anroputm JeuxeHus ABA, aripoOUpOBaHHBIN IIPH I10-
MOIM HAITUCAHHOTO IPOTPAaMMHOIO KOJia, a Takxke Iporpammuoe obecrieuenue (110) ¢ geMoHcTparmelt pa-
GOTHI AITOPUTMOB B HHTEPHEHCHOM OKHE.

KitoueBble ci1oBa: IOIMaHCKas IIPOBOJIKA CY/IHA, aBTOMATU3UPOBAHHAS ITIBAPTOBKA CY/HA, a3UMyTaIbHBINA
GyKCHP-aBTOMAT, CY/THO ¢ aBTOMATHYECKUM YIIPaBJICHHUEM.

DEVELOPMENT OF A MODEL OF AN AUTOMATIC TUG WITH AN AZIMUTH
STEERING COLUMN USING ADDITIVE PROTOTYPING TECHNOLOGIES

S.N. Stukonog
The study demonstrates the algorithms for the work of a group of ABA models on the omnidirectional motion
platform. The designed model of ABA is presented, which includes such components as the ship's hull, keel
structure (KK) and propeller-driven propellers (VRK). The ABA model has been recreated through 3-D print-
ing. Shown is the ABA movement algorithm tested using the written program code, as well as software (soft-

ware) with a demonstration of the algorithms in the interface window.
Keywords: pilotage of a vessel, automated mooring of a vessel, azimuth automatic tug, unmanned vessel.

B Hay4HO-HCCIEA0BATENBCKOW JTA00OPATOPUH
«Apromarmzaums cyaoBoxkaeHI» OI'BY BO « MY
mM. amM. ©.D. YmakoBay mpoaorkacTca padoTa Hag
BHCAPCHUECM COBPCMCHHBIX TCXHHYCCKHX peH.[eHI/Iﬁ
B3C CIT[1]. B HacTosmiee BpeMst MPOU3BOAUTCS MO-
JICTMPOBAHKE CHCTEMBI YIpaBJeHI rpymmnoii ABA ¢
Hcnonb30BaHueM AByX BPK.

Baxuoit yacTero pemreHus 3amavu Oe39KH-
MAKHOTO CYJOBOKICHHA B COBPEMCHHOM IOPTY
(B3C (CII) cran peskuM AUCTAHIHOHHOTO MHJIOTHPO-
BaHUS TOJBIKHBIMH 0OBCKTAMH. JIOIMAHCKAS mPo-
BOJIKA U IIIBAPTOBKA CyI0B B MOPCKOH 30HE W HA MO-
X0J1aX K Hell TpeOyeT BHEAPEHHS COBPEMEHHBIX TEX-
HUYCCKUX PEIICHUH [2].

Ha nauanpHOW cTrammu pa3paboTKa MOICITH,
JUT1 AEMOHCTPAUUH PadOTHI AITOPHTMOB JIBIKCHI

ABA, BIOYHIA B C60s yIpaBICHUE MIATHOPMOH ¢
KOJIECAaMH BCCHAIPABJICHHOTO ABWKEHUA [3].

Brumm co3mansr yeTsipe Mmoaeu ABA maa me-
MOHCTPAIMH TPOIIECCA JIOLMAHCKOH INPOBOJKH H
IMBAPTOBKH CYyJHA K TPY30BOMY TEPMHHANY (CM. PH-
CYHOK 1).

JanpHelmme WCCICAOBAHUSA BKIIOYIIH B
ce0s cozaanne mozemu ABA ¢ HCIOIb30BaHAUEM TEX
’Ke BHYTPEHHHX KOMIIOHEHTOB, 4TO U B ABA ¢ koue-
CaMH BCCHANPABJICHHOTO OBIKCHHA U ABYX BPK.
Beum co3maner 3-J1 moaemu xopmyca ABA, BPK u
KK (cm. pucyHOK 2).

Hoc m xopma Oykcmpa MMEIOT OAMHAKOBOC
CTPOCHHE, YTO MO3BOJUIET COBEPINATH MPOJOIBHOC
JBHKEHHUE C OJWHAKOBOI ckopocThio. JIBe BPK pac-
TIOJIO>KCHBI B TUAMETPAIbHOH IITIOCKOCTH, YITO TO3BO-
JICT ABUTATHCA B mo0oM HampaBJICHAHU U COBEPIIATH
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MaHeBpPbl Ha MUHUMaNbHOM nnowagn, Hanpumep, HO€ LWBapToOBOE yCTpOVICTBO NO3BOJIAET LWIBAPTO-
Pa3BoOpPoOT Ha MecCTe. r0pI/l3OHTaJ'IbeII7I Knnb MUHUMN- BaTbCA K mo6omy CyaHy 6€e3 MCNonb30BaHMS KaHa-
3UPYET KPEeH Npn ABMXXEHUN Narom. 3]'IEKTp0MaFHI/IT- TOB, a TaKXXe coBepLlaTb KaK TArosble, TakK U TOJIKa-

Te/IbHbIE YCUNNA.

PucyHok 1- [leMOHCTpaLmm NpoLiecca OLMAHCKOV MPOBOAKY U LLIBAPTOBKY

PucyHok 2 - 3-[1 mogens ABA

Bnarogaps yctpoiicTBam agfUTUBHOIO Make- YyaTaHbl Ha (hOTONONMMEPHOM MPUHTEpPe, YTO obecne-
TUPOBaHWA 6biNKM pacneyeHbl paspaboTaHHble 3-7 YT HafLéXHOe COoefVHEHME CaMblX MeSIKMX KOMMO-
Mogenun (CM. pUCYHOK 3). Y4acTBYHOLME B MEXaHU- HEHTOB, TaKUX KaK LUECTEPHW, Basibl, BUHTbI, & TaKXXe
YECKMX ABUXKEHMAX, KOMMOHeHTbl BPK 6b1n pacne- cam kopnyc BPK.

PucyHoK 3 - ®yHKUMOHMpYIoLWasa Mogens ABA
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CospgaHo MO pnsaynpasneHus mofensto ABA.
CKopocTb BpaueHnsa camoit BPK, nocpeacTtBom
ynpaBieHWs Warosoro Asuratens (CM. pUCyHOK 4).

I"oe min_speed - HayanbHas CKOPOCTb (LLAaroB
B CEKYHAY); max_speed - MakcumanbHas CKOpOCTb;

o 1y n o

DriverStepperAccell PIN
inline int getPosition ()

return steps_oounter;

}

void doSteps(int steps);

void setHaxSpeed(int speed);

void setMinSpeedfint speed);

void step();

async_stépper.cpp

acceleration_steps - KoNM4ecTBO LIAroB, 3a KOTOpble
CKOPOCTb OT MUHMMAaNbHOW 40 MaKCUMasnbHON fo-
CTUraeTcs Npu YCKOPEHNH.

asyn:_stepper.h |

inline void setDirection(int direction) {
this->direction = direction;

}

void setAccelerationSteps(int steps);

uintlc _t max_speed = 500;
uintlc _t min_speed = 100;
uintlc _t accelerationsteps

= 50;

PucyHok 4 - MO Arduino IDE

PucyHok 5 - YacTb Koga ckpunTa

foe STEPS_PER_RELOVUTION - KOH-
CTaHTa, 3a4aeT KONMYECTBO LWaroBs A/ NofHOro 060-
poTa BPK.

MO npepncTaBnseT coboil nporpaMmy, paspa-
60TaHHbIN Ha A3blKe NporpaMMupoBaHus python [4],
Ana ynpaeneHus mogenbto ABA, nHTepdeic KoTo-
POl NPOAEMOHCTPUPOBAH Ha PUCYHKax 6, 7 1 8. Pu-
CYHOK 6 JeMOHCTPUPYeT CTaTUYHOE MOJIOXKEHNE MO-
fenn ABA. Ha pucyHke 7 MOXHO YBUAETb ABUXKEHME
B 3afaHHOM /KOMCTMKOM HarpaBfeHUuM U Ha pu-
CYyHKe 8 fBUKEeHMe MOJEeNM BOKPYT CBOE OCK Ha 3a-

[aHHbIW rpagyc.

B paboTe nNpogemMOHCTPUPOBaHbl pe3ynbTaThbl
co3gaHus 3-[, mogenuposaHuns mogenn ABA, Bocco-
3[aHHOI Gnarogaps ycTpoiicTBam agAuTUBHOIO Ma-
KeTMpoBaHusA. MokazaHa paboTa HanWcaHHON npo-
rpammbl MO yMpaBfeHW0 LaHHOW Mogenbio. [anb-
Helilwasa pa3paboTka OyAeT BK/IOYaTb B cebs co3pa-
Hue elle Tpex mogenein ABA ans TeCTUPOBaHUS Cu-
CTeMbl MY/IbTUAreHTHOro yrnpasneHus. Pesynbtathbl
MOZEeNMPOBaHUA CUCTEMbl YMpaB/AeHUs TPYNnoi
ABA MOryT neyb B OCHOBY CO34aHUA CUCTEMbI aBTO-
HOMHOrO CYyAOBOXAEHWUA B aksaTopuu rnopTa
B3C CI.
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PrcyHok 6 - CtatuyHoe nonoxkeHne ABA

PucyHok 7 - ABA B ABWKeHUN

PucyHok 8 - MosopoT (passopoT) ABA
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MOJIEJHUPOBAHMUE ABH/KEHUA CYJIHA ITPU PA3JIMYHBIX CIIOCOBAX
YIIPABJIEHUA UM B ITPOIECCE BBINOJIHEHHA
IHIBAPTOBHOU OIIEPALIUN

FO.U. FOoun, Ooxmop mexHu4eckux Hayx, npogeccop

B.B. Ilepegoszos, kanuman
Ilenblo mpejicTaBIeHHBIX 3/I€Ch Pe3yIHTaToB UCCIIEI0BaHMS SBIIseTCs pa3paCoTKa U aHaIM3 CIIoco00B IIBap-
TOBKH C HCIIOJIF30BaHUEM IIPE/IIOKEHHOIO MHHOBAIIMOHHOTO IIPHHIMIIA YIIPABIEHUS CYIHOM II0 OTKIIOHE-
HUSIM, U, TEM CaMbIM, ITOBBIOTICHUS >)QEKTUBHOCTH STUX olleparmil. 1IpeBapUTensHO OlpeielieHbl CTPYK-
TYPHO U UICHTUGHUIMPOBAHBI ITapaMETPUIECKU MaTeMaTHUECKUE MO/IENH CYTHA, 8/IeKBATHO IIPe/ICTaBILIIOIINE
XapakTep ero MoBe/IeHUS Ha Pa3IMYHBIX 3Tallax MBapTOBHOM oniepary. Mo el UCTIOIb30BaHb! IIPU TIIPoBe-
JICHUH MOJIEITbHBIX UCIILITAHUI MAaHEBPUPOBAHMS CY/IHA Ha IIEPBOM M BTOPOM STallax IMBAPTOBKHU ¢ ITIOMOIIHIO
VIIpaBJIEHUS UM II0 OTKJIOHEHUSIM OT 3aIaHHOM TPaeKTOPUH C UCIIONIb30BaHUEM JIBIKUTENHHO-PYIIEBOTO KOM-
IUleKca cyjHa. B kadecTBe OOBEKTa IS BBIIOMHEHUS HCCIEIOBAHMM BBHIOpAaH KOHTEHHEPOBO3 IIPOEKTA
ARCTICCONTEINERSHIPACS 650.Pe3ynpraThl BEITOTHEHHBIX MOJIEIBHBIX 3KCIIEPUMEHTOB IIPEICTABIECHBL
B HacTosIIEel cTaThe.
KiroueBble ciioBa: IBapTOBHAS OIlEpallis, MOJEIb JIBIKEHUS CY/IHA, 3aJlaHHas TOUKa, 3ajaHHas JTHUHUSL,
VIIpaBJIE€HHE 10 OTKIOHEHUSIM.

SIMULATION OF THE MOVEMENT OF THE VESSEL WITH DIFFERENT WAYS
OF CONTROLLING IT IN THE PROCESS OF PERFORMING A MOORING OPER-
ATION

Yu.l Yudin, VV.V. Perevozov

The purpose of the research results presented here is the development and analysis of mooring methods using
the proposed innovative principle of ship control by deviations, and, thereby, increasing the efficiency of these
operations. The structurally defined and parametrically identified mathematical models of the vessel adequately
represent the nature of its behavior at various stages of the mooring operation. The models were used in model
tests of the ship's maneuvering at the first and second stages of mooring by controlling it by deviations from a
given trajectory using the ship's propulsion and steering complex. A container ship of the ARCTIC CON-
TEINER SHIP ACS 650 project was chosen as an object for the research. The results of the model experiments
performed are presented in this article.

Key words: mooring operation, ship motion model, set point, set line, deviation control.
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