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Annomayusa. B cmamve paccmampugaemcsi 803MONCHOCMb NPUMEHEHUs MAlo2adbapum-
HbIX POOOMOB-MAHUNYIAMOPOS8 O/ 08]1A0EHUSI KOMNEeMEHYUAMU 00paujeHus ¢ npombli-
JIEHHBIMU 00pasyamu pob6omos u oanvHetiuel ux pazpabomxu. /s co30anus npomomuna
ObLIA UCNONBL308AHA CPeda A8MOMAMUIUPOBAHHO20 npoekmuposanus Autodesk Inventor,
a makdice NPUMeHeHbl A0OUMUBHbBIE MEXHOIo2UU OISl U320MosieHuss oemaneu. B pesyno-
mame NPoOelanHOU pabomvl ObLI CO30aH, U32OMOBIEH U 3anyWeH NPOMOMUN PblYANCHO20
POOOMA-MAHUNYIAMOPA ¢ MANOU 2PY30N00BEMHOCTBIO, YCNEUWHO peulenbl npsamas u 06-
pamuas 3a0ayu kunemamuku. Cucmema ynpagienus pooomom adanmupoeara noo yieo-
Hble 3a0a4u, 4mo No360IUN CMyOeHmMam He MOJbKO U3y4ams OCHOB8bL pOOOMOMEXHUKU, HO
U pazeusamv HABLIKU NPOEKMUPOBAHUSL U NPOSPAMMUPOBAHUSL.

Knroueswvie cnosa: mawunocmpoenue, pooomomexHukad, agmomamusayus, y4eOusli npo-
yecc, 3a0auu KUHEMAMUKU

Palletizing educational robot
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Abstract. The article explores the possibility of using compact robotic manipulators to devel-
op competencies in handling industrial robots and their further development. To create the
prototype, CAD Autodesk Inventor was used, along with additive manufacturing technologies
for part production. As a result of the work, a prototype of a palletizing robot with low work-
load capacity was designed, manufactured, and launched. Both forward and inverse kinemat-
ics problems were successfully solved. The robot's control system was adapted for education-
al purposes, enabling students not only to study the fundamentals of robotics but also to
develop skills in design and programming. The project aims to scale the prototype for en-
hancing students' engineering skills and adapting the robot to manufacturing processes.

Keywords: robotics, palletizing robot, educational robotics, parallel kinematics, robot con-
trol systems

BBenenue. 3a mocieHue TOAbI B MAIIMHOCTPOCHWUU 3HAYUTEIHHO MOBBICHIIACH
aBTOMATH3aIMsl TPyAa, B KOTOPOH ocobasi pojib MPUHAIICKHUT MPOMBIILICHHBIM
pob6otam. Jlnst Gonee 3PHEeKTUBHONW aBTOMATH3AIMKA TPEOYIOTCS CIEIUATUCTHI
naHHOU c(eprl, crmocoOHbIE HE TOJIBKO CIPOECKTHPOBATH M U3TOTOBHUTH pabOUuit
MEXaHU3M, HO U CO3/IaTh YIIPABISIONIYIO IPOrpamMmy.
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Hcnonb30Banne poOOTOB B MPOU3BOICTBE MOXKET MOJHOCTHIO OCBOOOIUTH Ye-
JIOBEKA OT BBIIOJHEHUSI HEMPOU3BOAMUTENIbHBIX BCIIOMOraTelbHbIX onepanui. Po-
OOTBI-MaHUNYJISITOPBI TOJAXOMAST JJII CBAPOUHBIX M COOPOYHBIX ONEpalui, norpy-
30YHO-Pa3Tpy304YHBIX paboOT, omnepanuié MO MEPEeMEIICHUI0 M PaclpeaesICHUIO
3aroToBoK [1]. IX mpumeHeHne CHMXaeT PUCKM HAHECEHHs YBEUYUH, IO3BOJSAET
IPOBOAUTH PaOOThI B 3KCTPEMAJIbHBIX YCIOBHSIX.

PoOOTHI-MaHUITYyIATOPBl 3a/IEHCTBOBAaHbI B pamMKax 0Opa30oBaTENbHOIO MpoO-
1[ecca MHOTMX MH)KEHEPHBIX CIleluaibHOCTEN. Hampumep, Takux pacrnpocTpaHEeH-
HBIX, KaK

27.03.04 «YrpaBiieHHE B TEXHUYECKAX CUCTEMAX»;

15.03.06 «MexaTpoHuKa U poOOOTOTEXHUKAY;

05.02.05 «P0o60TBI, MEXaTPOHUKA U POOOTOTEXHUUECKUE CUCTEMBIY.

B yueOGHOM 1u1aHe Ka)a0ro U3 MPUBEICHHBIX BbIIIE HAMPABICHUN OATOTOBKU
IpeyCMOTPEHBI J1TaOOpaTOpHbIE pabOThl, HA KOTOPHIX pPacCMaTpPUBAIOTCA MeEXa-
HU3MBbI, CHCTEMBbl YIPABJICHHUS M OCHOBBI NPOEKTUPOBAHUS POOOTOB-MAHUITY-
JSITOPOB.

Matepuajbl # MeToAblL. [IpombiliuieHHBI POOOT — 3TO aBTOMAaTHYECKasi Ma-
IIMHA, CTAI[MOHAPHAS WIH MMOABUKHAS, COCTOSALIAS U3 UCIIOJIHUTEIBHOIO YCTPOICTBA
B BU/IE MAHUITYJIATOPA, UMEIOIIETO HECKOJIBKO CTENEHEN MOJABUXHOCTH, U TIEPENpo-
rPaMMHPYEMOT0 YCTPOMCTBA MPOTPaAaMMHOTO YNPABIIEHUS JJIS1 BBIITOJHEHHUS B IMPO-
W3BOJICTBEHHOM ITPOLIECCE ABUTATEIBHBIX U YIPABISIIOIINX (QYHKIIUH.

Oco0oe MECTO Ha phIHKE 3aHUMAIOT POOOTHI PHIUAXKHOTO TUIIA, T.K. Ojarogaps
PacHoJIOKEHUIO JBUTaTeNel, OoMblllas 4acThb €ro Macchl CKOHIIEHTPUPOBAHA Ha
wiatopme, BCIEICTBUE YEro Macca NMEpeMENaeMbIX Y3JI0B COKpallaeTcs, a KOH-
CTPYKITUSI CTAHOBUTCS 00JIe€ YCTOWYMBOM U TIOIBH>KHOM.

Puc. 1. PbluaxkHbli po60T-MaHMNyNATOp
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OOBIYHO CTPYKTypa PBIYAKHOTO poOOTa BKIIOUYAET B Ce€0s MATH COCTABIISIO-
IIUX: OCHOBAaHUE, MOBOPOTHYIO TiaThopMy, pyKy, 3amsicThe u 3axBat (puc. 1). ITo-
BOpOTHAs TiaTgopMa MPUBOAUTCS B JBMKEHHUE 33 CUET IIArOBOTO JBHUTaTENsl, pac-
MOJIOKEHHOTO Ha 3aduKcHpoBaHHOM yacth. Ha moBopoTHoM miatdopme Takxke
YCTaHABIMBAIOTCS JIBA IIarOBBIX JIBUTATENsl, IPUBOISAIINE B ABUKEHUE YKE PYKY U
3amscThbe [2, 3].

Pe3yabTarsl. J[Js pemnieHus 3a1a4 KHHEMATHUKA U TIPOBEPKHU pe3ybTaTa Obliia
pazpabotana rpaduyeckas pacueTHas MOJENIb pa3padaThIBAEMOTO MEXaHHU3Ma

(puc. 2).

Puc. 2. PacueTHas Moaenb poboTa-MaHMNynaTopa

PaccMmoTpum BapuaHT pelieHus TpsIMOM 3a1auu KUHEMaTUKH [4]:
X, = L, cos(thetal);

Yy, = L, * sin(thetal) — 3aBUCUMOCTb X M Y KOOPJMHAT TOUYKH A OT yrjioB thetal
u theta2 (puc. 2)

Jlanee aHajaOrM4HBIM 00pa30M MOJYYHMM 3aBUCUMOCTb KOOPAMHAT KaKIOM U3
TOUYEK Ha IJIaHe OT BhIOpaHHBIX yriioB thetal u theta2

Xc = —L3 * cos(theta2);
Yc = —Ls * sin(theta2)

Xg = Ly * cos(thetal) + L, * cos(theta?2)
Yg = Ly * sin(thetal) + L, * sin(theta?2)
Xp = —L;5 = cos(theta2) + L, * cos(thetal)
Yp = —L3 = sin(theta2) + L, = sin(thetal)
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Bapuant pemenus 00paTHOM 3a/1a4 KHHEMATHKH:
Xg*+Yg?—L,%—L,>
cosa = 1 — IO TEOpEME KOCUHYCOB MOJIYYHMM KOCHHYC BCIIOMOTa-
1+~2

TeJLHOTO yriia o (yroj Mexay 3BeHbsiMu OA u AB)
sina = V1 — cosa?;

ki =L, + Lycosa;

k, = Lysina;
thetal = %Oo « (tan~ (Y32, Xp%) + tan " (ky, ky)); (1)
theta? = thetal — 2%« (tan~! (sine, cosa)). (2)

Takum 00pa3om, nmoaydeHHble B ypaBHEHUAX (1) u (2) yrisl SBISIOTCS pellie-
HUEM OOpaTHOM 3a/1a4ul KHHEMATHUKH.

Oocy:xnenne. [lonyyennsiii npototun (puc. 1) 611 cipoextupoBan B CAIIP
Autodesk Inventor, mocne 4ero M3roToBi€H C NPUMEHEHUEM aJIUTHBHBIX TEXHO-
Joruii, codpan M 3amymieH Ha 0a3e oAHOIIaTHOrO KommbioTepa Arduino UNO,
yhopasistolas nporpamMmma Hamnucana B cpege Arduino IDE [5, 6]. B kauectBe uc-
MOJTHUTEHHOTO OpraHa ObLT BBIOpPAH AJEKTPOMArHUT B BUY €r0 KOMIAKTHOCTH U
POCTOTHI YIIPaBJIEHUS, C MOCIEAYIONIEH BO3MOXKHOCThIO 3aMEHbI Ha MTHEBMaTHyYe-
CKHM WM MEXAHWYECKHUH 3axBar, nepo, Moaysis FDM neuvaru u np. [IpuBon kax-
JIOW U3 TPEX OCeM OCyIECTBISETCS MPU MOMOIIM MIaroBeIX ABurareneil Nema23,
BBIOPAHHBIX M3-3a MPOCTOTHI M HATJISIIHOCTU yHpaBiieHHs. I3roTOBICHHBIN MPOTO-
THUII IPOMBINIJIEHHOTO POO0Ta MOXET OBITh MUCIOJIB30BAH KaK JUIsl OOY4YeHUS MPO-
EKTUPOBAHUIO M HAMMCAHUIO YIPABIAIOMUX MPOrpaMM, TaK U B KauecTBe 0a3bl is
MOCTEAYIONIEr0 MacIITaOUPOBAaHUS U U3TOTOBJICHUS B METAIIJIC ISl IPUMEHEHUS B
IPOMBIIIIJIEHHOCTH.

3akiouenue. TakuMm o0pa3oM, B XOJle pealn3aluyd NpOoeKTa ObLI CIIPOEKTHU-
POBaH U 3aMyIlIeH MPOTOTUI MAHUITYJISITOPA, B OCHOBE padOThl KOTOPOTO 3aJI0kKEHA
IUIOCKOMapaljiesibHas KHHEMATHKa, KOTOpast C OJJHOM CTOPOHBI JOCTATOYHO MPOCTa
U IIPOrHO3UpYyeMa, a C APYroil JaeT HeoOXOJUMBIM MOTEHIMaI sl 00y4eHus oc-
HOBaM IPOMBIILIEHHOTO HCIOJIB30BaHUsI pOOOTOB, NMPOrpaMMHUPOBAHUIO HA pa3-
JMYHBIX S3bIKaX, MPOTPAMMHUPOBAHUIO JIOTMKU PAaOOTHI, YNPABIECHUIO MIATOBBIMU
JIBUTATEISIMU U CEPBOITPUBOJIAMHU.
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