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Mexpynapopuas denepanns pobororexuuknu (IFR) Beienmia ns1th OCHOBHBIX TPEH/IOB Ha
2024 1., cpey KOTOPBIX [{Ba KACAKTCS HEIOCPeACTBEHHO MAaHMIIY/IATOPOB: pacIIVpeHIe
cepbl esATeTBHOCTY KO/IAO0PATUBHBIX MAHUITY/ISATOPOB ¥ MOOW/IBHBIX MAaHUIIY/ISATOPOB.
KomnabopaTtuBHble po60ThI (KOOOTBI) — 3TO MHTEJUIEKTya/IbHbIe YCTPOICTBA, IpeAHA3Ha-
YeHHbIe /11 pabOTBI COBMECTHO C 4€/I0BEKOM. B OT/IM4ne OT IPOMBIIIIEHHBIX POOOTOB OHY
CIIPOEKTMPOBAHBI TaK, YTOOBI He IIOABEPraTh OACHOCTY HAXOASIINXCS PSAOM yofeit. Pac-
CMOTpeHBl Hebosblle KOOOTBI, KOTOpBIe CIOCOOHBI 0e30IacHO paboTaTb B HEHOCpef-
CTBEHHOII 6/IM30CTH OT OIIEpaTOpa, TaK KaK 00/afaloT CeHCOPaMM, OCTAHABIMBAIOIINMI X
[PV KOHTAaKTe C IOCTOPOHHMMY 00beKTaMi. DTU MeXaHU3MBI TAK)Ke MOXKHO YCTaHOBUTD Ha
He0osb1IIIIe MOOU/IbHBIE ITAT(GOPMBI /1S 0beciedeHNs TepeMeleHNsi 00beKTOB, TeXHIYe-
CKOro 0OCTy)XMBaHNMS, MOHUTOPMHIA, CBapKU U APYIUX PYTMHHBIX 3ajad. VccremoBaHO
ceMb KOOOTOB pas/INyYHBIX IIpousBopuTenel us benopyccun, Poccun, Smnonnmn, I'epmanuu u
Knras. JlaHHBIe TOTyYeHbI U3 CTATell U OTKPBITHIX MICTOYHMKOB. BBIIOIHEHO cpaBHeHMe pe-
3y/IbTaToOB MccmenoBanus. IIpennoxena KraccuduKalysi MAHUITY/SITOPOB 110 PA3/INIHbIM
HapaMeTpaM.

EDN: TBMDPO, https://elibrary/tbmdpo

KiroueBble cnoBa: Ko/abopaTUBHbI MaHUITY/LATOP, KOOOT, MOOM/IbHbIE MaHUITYIATOPBI,
00630p, IOBTOPsAEMOCTb pabOThI MAaHNITY/IATOPa

The International Federation of Robotics (IFR) identifies the five key trends for 2024; two of
them are directly related to the manipulators and include expansion of the collaborative
manipulators scope and the mobile manipulators. Collaborative robots (cobots) are the in-
telligent devices designed to operate together with a human. Unlike the industrial robots,
they are designed in such a way as not to endanger the people nearby. The paper considers
small manipulators that could safely operate next to a human, as they are equipped with
sensors that stop the manipulator upon contact with a foreign object. These devices could
also be installed on the small mobile platforms to ensure performance of tasks such as the
object displacement, technical maintenance, monitoring, welding, and the other routine
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tasks. The paper analyzes operation of seven manipulators from various manufacturers
originating in Belarus, Russia, Japan, Germany, and China. The data are obtained from the
articles and the open sources. The paper compares the research results. It proposes a classi-
fication of the manipulators based on the varying parameters.

EDN: TBMDPO, https://elibrary/tbmdpo
Keywords: collaborative manipulator, cobot, mobile manipulators, review, manipulator op-

eration repeatability

PasButme KO/TabOPATMBHBIX  MaHUIYIATOPOB
(x060TOB) [1], CrTOCOOHBIX (QYHKUMOHMPOBATH B
HeNOCPeACTBEHHOI 6/MM3ocT OT omeparopa [2]
0e3 yrpossl jyii 4enoBeka [3] — ofuH U3 OCHOB-
HBIX TPeHoB poborusanuy 2024 r. AKTUBHOMY
BHEJIPEHMIO TAKMX TEXHOJIOTUIT CIIOCOOCTBYeT pas-
BUTHE JATYUKOB [4], CCTeM KOMIIBIOTEPHOTO 3pe-
HUA [5] ¥ MHTe/UIeKTya/IbHBIX 3aXBaTOB [6], obec-
He4MBalOIMX Oosee IpefcKasyeMoe B3auMOfel-
CTBUE C BHEIIHEN Cpefoll B peXMMe peaJlbHOro
BpEMEHIL.

B Hacrosimee BpeMs Ha0/MIOJaeTCsi IMOBBILIECH-
HBI1 CIIPOC Ha CBApOYHbIe MAHUITY/IATOPSI [7], 4TO
B TOM YNC/Ie CBA3AHO C JleUIUTOM IepCOHAIA.
Ko60oTbI He TOAMEHAIOT IPOMBIIIIEHHbIE MAHUITY-
nATOpHI [8], paboTaromiye MOTHOCTHIO ABTOHOMHO,
HO 00eCreuyBaloT MpefupuATUAM OOMBIIYI0 Iub-
KOCTb. IIOSBNIAIOTCA BCe HOBble PasHOBUHOCTHU
KOOOTOB, BK/II0Yasl yCTaHAB/IMBaeMble Ha MOOU/Ib-
HYI0 pOOOTOTEXHIYECKYIO IIaT(HopMy.

Mo6wibable MaHumynATopsl (MoMas) [9] —
MOOW/IbHBIE POOOTOTEXHITIECKIE CHCTEMBI, IpeHa-
3Ha4YeHHBIE JyIA (PYHKIMOHVPOBAHNUA B Pas/IMYHBIX
OTpaC/IsiX, TAKUX KaK JIOTUCTYKA, aBTOMOOM/IbHAS U
aspokocMmdeckas orpaciu. MobunbHble miathop-
MbI C MaHMIY/IATOPOM CIIOCOOHBI IIPOBOAUTH MO-
HUTOPVMHI IPOMBINUIEHHBIX npepnpuaTtnit [10],
OLIEHVBATb COCTOsIHIIE 0OOPYIOBAHISI Y BBIIIO/THATD
TeXHIYeCKoe 00CTy>KMBaHye 00beKTOB.

Ha MupoBoM pbIHKe MaHMUIY/ISATOPHI, yCTaHAB-
nuBaeMble Ha MOOWIbHBIE TIATGOPMBI 1 CIOCOO-
Hble IIOJHMMATh CPABHUTE/IBHO HeOOJIbIIVE IPY3bI
(mo 7 xr), mpefcTaB/ieHbl B OCHOBHOM 0Opasuamu
u3 Kuras. CBou paspaboTKy MMEIT MUPOBBIE JIN-
neppet KUKA n FANUC, a takke poccuiickmue u
Oe/opyccKue KOMIIaHNUM.

CpaBHeHMe K060TOB. K0OOTBHI CpaBHMBAIOT IIO
TaKMM IIapaMeTpaM, KaK Macca IOJIe3HOI Harpys-
ku [11], moBTOpsiemocTs [12], pabovasi CKOPOCTb 1
0COOEHHOCTY KMHEMATUKU OTHAEAbHBbIX oceil [13].
PaccMoTpuM 6-0ceBble KOOOTBI Pa3IMYHBIX IPO-
U3BOOUTENEN.

Ko6om PULSE 90 6enopycckoii komnanuu Ro-
zum Robotics (puc. 1), Mo [aHHBIM KOMIIAHUH,

HOAXOANUT Il aBTOMATM3ALUM TIOOBIX IIOBTOPS-
Iouxcs onepauuii. Ero npuMeHAOT Ha Ipoms-
BOJICTBE, B cpepe YCIIyT U pa3BjIedeHuii, B mabopa-
TOPUSAX U YHUBEPCUTETAX.

OtrmmuntenpHass 0COOEHHOCTb MOV 3aKIIIO-
9aeTCsi B BO3MOXKHOCTU YCTAaHOBKM IIPaKTUYECKU
Ha 00y IIOBEPXHOCTH 1 B /MI000I ITIOCKOCTI: Ha
IOTOJIKE M CTEHe, HajJ CTOJIOM U KaK 4YacTb MO-
OWIbHON yCTaHOBKM. Y Ko0OOTa Majias IUIOLIAfib
OCHOBaHUs, paBHadA 120 Mm.

BbICOKYI0 TOYHOCTD O€0pyccKOMy KOOOTYy ra-
PAHTUPYIOT CEPBOMOTOPBI COOCTBEHHOI paspa-
6otku kommanuu Rozum Robotics. CepBomoro-
pel RDrive obecmeunBaoT ABMOKeHME KoboTa ¢
nosropsiemocteio 0,01 mm. Pabounit paguyc Mo-
menu PULSE 90 pgocturaer 900 mm. Y poborta
IIECTh CTENeHell CBOOOMDI, YTO C TOYKU 3PeHUsA
IPOM3BOANTENA 00eCIedrBaeT IPOCTOE ¥ TOYHOE
yIpaB/ieHle MaHWUIYIATOPOM IIPU BbBIIIOTHEHNUN
CJIOXHBIX ¥ KOMIUIEKCHBIX 3ajlad, XOTHA Yy BCeX
paccMaTpuBaeMbIX KOOOTOB TaKOe XKe YMCIIO CTe-
IeHel CBOOOIBI.

Vspenve moO3MLMOHMPYeTCA Kak KoOOT IIo-
CJIe[JHETO MOKOJIEHUsA U TIPY MHTETpalMy Ha Ipo-
U3BOJACTBO He TpeOyeT JOMOTHUTEIbHBIX OTPaXK-
OeHuI.

Puc. 1. Buemrnuit Bup ko6ora PULSE 90
komnauuyu Rozum Robotics
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[TporpamMHbIiT MHTEpdeiic K06OTa IO3BOMAET
pean30BbIBaTh CIOKHBIE aITOPUTMbI Ha A3bIKAX
nporpammupoBanus Java u Python.

Kobom Magic E6 kumaitickoii komnanuu Dobot
(puc. 2) [14] mupoko npuMeHseTcs: B cucTeMe 00-
pa3oBaHuUA I O3HAKOMJIEHVS YYEHVKOB CO CIIe-
1MUKOI MCIIONb30BaHMS ABTOMATHU3VMPOBAHHBIX
CICTeM Ha OCHOBE TaKUX MaHMITY/IATOPOB B cdepe
IPOMBIIUIEHHOTO IPOMU3BOACTBa  ((ppesepoBKa,
Nla3epHasi IPaBMPOBKA, [fUTUBHbIE TEXHOTOTUN U
ApyTye 3aaun).

Kobom  Magician — kumatickoti ~ KOMNAHUU
Dobot — o6pa3oBaTe/NbHBII MaHUITYIATOP, IOJ-
Iep>XMBAOLINII MOAKIIOYEHNEe PA3INYHBIX HAT4M-
KOB, @ TaKXKe yIpaBJieHue ¢ moMoubio Rasberry-Pi
u Arduino. Kobor crnocoben ocymecrsnars 3D-
Ie4aTh ITACTUKOM C TOYHOCTBbIO He MeHee 0,01 MM,
mepeMeIaTb OODBEKTbl IIOCPEACTBOM 3aXBaTOB
Pa3HOTO THUIA U BBIIONHATD UX COOPKY, HAHOCUTD
13006paXKeHNsA MapKepOM 1 J[iellaTh JIa3epHYIO Ipa-
BUPOBKY. ¥ Ko6oTa Magician mpocras KOHCTPyK-
IV51, TaK KaK BCe ero 97IeMeHThl MOXKHO COEMHNUTD
U pa3befVHUTh 0e3 BCIIOMOTATeNIbHBIX MHCTPY-
MeHTOB. PO6OT CHab)XeH KOHTPOJIEPOM, CIOCOO-
HBIM IOAK/IIOYaTh J00ble IOPTaTUBHbIE SJIEK-
TPOHHBIE YCTPOJICTBA U YIPABIATb UMM C IIOMO-
I[bI0 COBMECTMMOTO IIPOTPAMMHOTO 0becIieyeHNs;

Ko6om R800 mnemeyxoii xomnanuu KUKA
(puc. 3) — mpenacraButenn cemeiictBa LBR iiwa
[15] — MexaHM3MOB, pa3pabOTaHHBIX /IS BBIIOJ-
HEHNA TOYHBIX COOPOYHBIX paboT. Po6OTHI cemeit-
crBa LBR iiwa cramm nepsbIMM B MUpE CEpUITHO
BBIITyCKaeMbIMM Ko6oTamu. C MX IOMOIIBIO Ole-
paTop u KOOOT MOTYT COBMECTHO paboTaTbh Haf
BBIIIO/IHEHNEM 3ajad, IOBBIIAA 3((EeKTUBHOCTb
npoussopacrsa. Mogenp R800 ocHanena gaT4mka-
MI KPYTAILIEr0O MOMEHTa B IIAPHMPAX, CIOCOOHA
OBICTPO OOHApYXXMBaTb KOHTAKT C OOBeKTaMu U
MTHOBEHHO CHJDKATb YPOBEHb YCUIINA U CKOPOCTb.

Kobom i5 «umaiickoti komnanuu AUBO
Robotics (puc. 4) [16] — mpencTaBuTeNnb CeMeii-
CTBai ¢ IIMPOKMM [AMaNa3soHOM IPY30HOABEMHO-
cru (3...16 kr), 6rmaropapss 4eMy po6OTOB MOXHO
IPUMEHATb B Pa3IMYHBIX OTPACIAX U OBICTPO
aJaNTMpOBaTh K VHAMBUAYAIBHBIM IOTpeOHO-
cTsAAM. OTO TO3BOJIsIET ITPOM3BOACTBY Hamboree
3¢ dekTUBHO peannsoBatb GpepMy KOOOTOB C OIM-
HAKOBBIM IIPOTPAaMMHBIM OOecClledeHUeM, YTO
YIIPOIIIaeT MX TeXHUYECKOe 00CTy)XIBaHIE.

Kob6orsr mpommm ceprudpukanmio (PL = d,
CAT 3), CE, UL, KCs u T. 1., a Tak>xe IIOLIEP>KI-
BAalOT OOHapy)XeHMe CTOJIKHOBEHUII [IeCSTI YpPOB-
Heil. Mopienb i5 o6/agaeT HEBBICOKON IOBTOPsie-

Puc. 2. Buenrnnit Bup ko6ota Magic E6
koMnanyy Dobot

Puc. 3. Buemnnit Buj Mmanumnynaropa R800
xommanuyu KUKA

MocTbIo (+0,05 MM), HO ISl HEKOTOPBIX IIPOU3-
BOJICTB TaKOJl TOYHOCTH 607Iee YeM JOCTATOYHO.

Po60T cHab>keH NpPOrpaMMHBIMM MHCTPYMEH-
tamy SDK 1 API. Takke oH MO>KeT ycTaHaBIMBaTb
CBsI3b C HECKOJIbKMMU IepuepuitHbIMI YCTPOIi-
CTBaMN, TAaKMMM KaK TepMMHAJ, BU3ya/lbHOE U
nopratusHoe obopypoBanne. Koot obnagaer Bu-
3yaJIbHBIM MHTep(eiicoM ¥ TO3ULIMOHNPYETCsT KaK
IPOCTOJ, HO 3TO MOXXHO IPOBEPUTb TONBKO Ha
peasbHOM yCTPOMCTBE.

[TporpamMmmHOe obecredenne KoboTa i5 ocHOBa-
HO Ha yIpaBJeHUM 4Yepe3 0OTauyHYIO0 ITaTPOpMY,
KOTOpas IOJfiep>KMBAaeT yAaeHHOe OOCTyXVBa-
HII€, IMATHOCTMKY HEMCIIPaBHOCTel 1 OOHOBJIEHIE
6a30BOTO ITPOTPAMMHOT0 0OeCIeYeHM .

Kobom RX-5 poccutickoii komnanuu Robotech
(puc. 5) — camass KOMIIAKTHasl M JIeTKas MOJeb
cemerictBa RX. 910 MHOroyHKIMOHaNbHOE 000-
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Puc. 4. BHemnmit Bun xo6ora i5
xommanuu AUBO Robotics

Puc. 5. Buemnmit Buj Manumynaropa RX-5
kommaHuu Robotech

pyZOBaHMe IOAXOANUT I/ PasHbIX BUIOB paboT u
MaHMUITyIMPOBAHNUA I'PY30M Maccoll o 5 Kr. JlaH-
Has MOJe/Ib MOXET IPUMEHAThCA Ha HeOOJIbIIOM
IPOU3BOJICTBE B KayecTBe IIOMOIIHVKA IIPU IIpO-
BeJIeHMM NIOIPY30YHO-PAa3IPY304YHBIX paboT U 00-
paboTKe MaTepuanos..

Tax kxak y ko6oTa RX-5 He 04eHb BbICOKas TOY-
Hocth (0,05 MM), €ro MOKHO MCIIO/Ib30BaTh TaM,
I7ie STOT IOKa3aTelb He SABJACTCA BAXKHBIM: LA
VIBTOTOBJIEHMA ¥ COOPKM [eTajell, CKJIeUBaHUS,
IPUBVHYMBAHNA, YIAKOBKM HPOAYKIMU WIN ee
IPOBEPKIL.

Ko60T MOKHO MOHTMPOBATh KaK B BEepTUKA/Ib-
HOM IIOJIOKEHMM, TaK U B moboMm apyrom. IIpo-
rpaMMHOe obecIedeHNe MO03BOJIAET MOATOTOBUTH
MaHMITYZATOp K paboTe 3a oguH 4ac. Kommanmsa
Robotech mpenaraer monbp3oBaTensiM coOCTBEH-
HOe IIPOrpaMMHOe ofecIedeHye /I IPOTrpaMMI-
poBaHMA KOOOTa.

Kommanusa Robotech pexmapupyer muorocry-
IIEHYaTbI/l KOHTPO/Ib KauecTBa, COOPKMU ¥ VICIIbITA-
HMA KOOOTOB Ha CTEHJE, YTO apaHTUPYeT HafexX-

HOCTb Ka&X[JOTO MaHumyjsTtopa. braaromaps co6-
CTBEHHOJI TEXHOJIOTMM OT/IMBKU 1 pa3paboTke pe-
HAYKTOPOB Ka)KIbII KOOOT MMeeT TOYHOCTb [0
0,05 MmM.

Kobom CR6-DK-093S1-CS01 xumaiickoil Kom-
nanuu EVZ (puc. 6) nmpuMeHsAeTcA [ MOTPy304-
HO-Pa3rpy30uHBIX paboT, YKJIafKU IPY30B Ha IOf-
IOHBI, [l 3aXBaTa ¥ IlepeMelljeHNss O0BEKTOB, a
TaK>Xe [ IyTOBOJ CBapKM. Braromaps KOMIakT-
HOCTM OH CIIOCOOEH BBIIIOIHATb HECKOJIBKO OIle-
pauuii B CTeCHEHHBIX YCIOBMAX, VIMEET MaJIyIo
Maccy, BBICOKME ITOKa3aTeny HaJeXXHOCTH U IIpo-
U3BOJIUTENBHOCTM.

Kobom CR-4iA snonckoil komnanuu FANUC
(puc. 7) — camasi MajieHbKas MOJe/Ib CeMeViCTBa
CR. brarogaps KOMIOaKTHOCTHY 11 HAOOPY IaTYMKOB
OH MJEa/IbHO ITIOJXOANUT /I COBMECTHOV paboThI

Puc. 6. Buemnuit Bup ko6ora CR6-DK-093S1-CS01
xomnauuu EVZ

Puc. 7. Buemrnuit Bup kob6ora CR-4iA
koMImauumn Robotech
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TexHUYecKass XapaKTepUCTUKA KOOOTOB
ITapametp CR-4iA | CR6-DK-093S1-CS01 RX-5 R800 MagicE6 =~ PULSE 90 i5
I'pysonogbeMHOCTD, KT 4,0 6,0 5,0 7,0 0,5 4,0 5,0
Pabounit paguyc, MM 550,0 917,0 913,0 800,0 450,0 900,0 886,5
IToBTOpsIEMOCTD, MM +0,01 +0,03 -0,05 +0,10 +0,10 +0,10 +0,05
Macca, kxr 48,0 22,0 35,0 23,9 7,2 13,6 24,0
Pabouast ckopocTb, M/c - 2,0 - - 0,5 - 2,8
VYripl o ocAM, Ipaf:
J1 340 +360 *170 *170 360 - 175
J2 150 +360 -90, +125 | 120 *135 - 175
J3 354 +165 -150,+90 | *170 +154 - +175
J4 380 +360 +210 +120 +160 - +175
J5 200 +360 +125 +170 *+173 - +175
Jo6 720 +360 360 120 360 - +360
J7 - - - £175 - - -
CKopocTb MoBOpOTa
IO 0CsAIM, Tpafi/c:
J1 500 180 360 98 120 - 150
J2 500 180 300 98 120 - 150
J3 500 180 330 100 120 - 150
J4 500 180 500 130 120 - 180
J5 500 180 500 140 120 - 180
J6 500 180 800 180 120 - 180
J7 - - - 180 - - -
Mortop - - - - DC48V - DC48V
MomHocTs, Bt 500 - - - 130 - 200

C 4e/I0BEKOM B CTeCHEHHBIX ycnoBuAxX. Kobor nme-
eT BO3MOXXHOCTb MOHTa)Ka Ha CTEHY ¥ IIOTOJIOK,
npeyyiarasi 6ojee MUPOKMIT AMATIA30H JIBUYKEHUII,
He Melllasi pabo4eMy MeCTy OIlepaTopa.

BcTpoeHHas  MHTe/UIeKTya/lbHas — CeHCOpHas
TEXHOJIOTMsI MTHOBEHHO OCTaHAB/IMBaeT KOOOT mpu
KOHTAaKTe C YeJIOBEKOM W/IM CTATUYHBIM OOBEKTOM.
ITO mOATBEPXKEHO cepTUPUKATOM 6e30MaCHOCTH
TUV ISO 10218-1:2011, xateropus 3, PL = d.

B 3aBucuMoctu ot cepbl MpuMeHeHNA KOOOT
MO>XHO OCHACTUTb HaTUMKAMU M300pakeHUs co0-
CTBeHHON paspaborku kommanuum FANUC —
Vision Sensor mwmm 3D Area Sensor, KoTopble IIO-
MOTYT pPacllO3HaBaThb M3HENNSA M OLpefeNniTb KX
dopmy.

V3 Tabmuipl CIefyeT, YTO CaMBIM TSDKE/IBIM
(48 xr), TounpiM (0,01 MM) U  OBICTPBIM
(500 rpan/c) siBnsiercs kobotr CR-4iA. OpHako ro-
pasgo 6Oomee gerkmit Manumynsarop CR6-DK-
093S1-CS01 (22 xr) umeer TouHOCTH 0,03 MM, Yero
TaK)Ke [OCTaTOYHO I BBIIIOMHEHMs OOJIbIIEN

gactu pabot. Taxke BUiHA 3aBUCUMOCTb OTpaHU-
YeHNUSA YITIOB pabOTBl OT KMHEMATUKM Ka>KHOTO
kobora. Kak okasamocp, HET CTaHZAPTOB 0003Ha-
geHua yrinos, n Kommanuma FANUC o6osHagaer
a0COJIIOTHBIN YTOJ, @ OCTaJbHBIE NPOU3BOAUTENN
YKa3bIBaIOT [MANla30H M3MEHEHNs yIIa.

VIHTepecHBIM pelleHreM ABJIAETCA KMHeMaTnKa
komnaauyu EVZ, Tak Kak y3/1bl MMEIOT BO3MOX-
HOCTb BpalaTbCsl HECKONBKO 0060poTOB. B mamb-
HejlmeM OYAyT JMCCIe[OBaHbI 3T BO3MOXKXHOCTHU
KOOOTOB.

Ha ocHOBaHMM M3TIOKEHHOTO MOXXHO KJIacCH-
¢unypoBaTh KOOGOTHI CIIEAYIONUIMM 06pa3oM:

* 1o moBTOpsieMocTt — 1o 0,5 u 6onee 0,5 Mm;

* [10 KMHEMAaTuKe — II0 KO/INYECTBY 3BEHBEB C
HO/THBIM 060POTOM;

* 10 CKopocTu moBopora — jo 300 m 6ornee
300 rpap/c;

* 110 Macce I10JIE3HON HArpysku — Jo 1, 7o 5 u
6onee 5 KT}

* 110 Macce Kobota — po 10, no 25 u 6osee 25 KI.
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BoiBoab1

2. ITokasaHo, 4YTO KOOOTBI MMEIOT 6OJIbIION
CIIpOC Ha PbIHKE, a 3aJlada II0 CUMHTE3Y M IPOU3-

1. [lan 0630p K0GOTOB Maccoii 10 7 Kr, IO pe- BOJICTBY KOHKYPEHTHO CIIOCOOHBIX MOJieTIel sIBJIs-
3y/IbTaTaM KOTOPOTO NPEIIOXKEHA MX KIACCUQU-  ercs akTyabHOIL

KalMs 110 Pa3/IMYHBIM ITapaMeTpaM.

JInuteparypa

[1] Javaid M., Haleem A., Singh R.P. et al. Significant applications of Cobots in the field of
manufacturing. Cogn. Robot., 2022, vol. 2, pp. 222-233, doi: https://doi.org/
10.1016/j.cogr.2022.10.001

[2] Weiss A., Wortmeier A.K., Kubicek B. Cobots in industry 4.0: a roadmap for future practice
studies on human-robot collaboration. IEEE Trans. Hum. Mach. Syst., 2021, vol. 51, no. 4,
pp. 335-345, doi: https://doi.org/10.1109/THMS.2021.3092684

[3] Mortl A., Lawitzky M., Kucukyilmaz A. et al. The role of roles: physical cooperation between
humans and robots. Int. J. Robot Res., 2012, vol. 31, no. 13, pp. 1656-1674, doi:
https://doi.org/10.1177/0278364912455366

[4] Phan T.P., Chao P.C.-P., Cai ].]. et al. A novel 6-DOF force/torque sensor for COBOTs and
its calibration method. IEEE ICASI, 2018, pp. 1228-1231, doi: https://doi.org/10.1109/
ICASI.2018.8394511

[5] Alenjareghi M.]., Keivanpour S., Chinniah Y.A. et al. Computer vision-enabled real-time job
hazard analysis for safe human-robot collaboration in disassembly tasks. J. Intell. Manuf.,
2024, doi: https://doi.org/10.1007/s10845-024-02519-8

[6] Staretu 1. Robotic arms with anthropomorphic grippers for robotic technological processes.
Proceedings, 2020, vol. 63, no. 1, art. 77, doi: https://doi.org/10.3390/
proceedings2020063077

[7] Gasparetto A., Scalera L. A brief history of industrial robotics in the 20th century. Advances
in Historical Studies, 2019, vol. 8, no. 1, pp. 24-35, doi: https://doi.org/10.4236/
ahs.2019.81002

[8] Lee D., Seo T.W., Kim J]. Optimal design and workspace analysis of a mobile welding robot
with a 3P3R serial manipulator. Rob. Auton. Syst., 2011, vol. 59, no. 10, pp. 813-826, doi:
https://doi.org/10.1016/j.robot.2011.06.004

[9] Mason M.T., Pai D.K,, Rus D. et al. A mobile manipulator. IEEE Int. Conf. on Robotics and
Automation, 1999, vol. 3, pp. 2322-2327, doi: https://doi.org/10.1109/
ROBOT.1999.770452

[10] Marques L., Martins A., de Almeida A.T. Environmental monitoring with mobile robots.
IEEE/RS] Int. Conf. on Intelligent Robots and Systems, 2005, pp. 3624-3629, doi:
https://doi.org/10.1109/IROS.2005.1545133

[11] Crane III C.D., Duffy J. A dynamic analysis of a spatial manipulator to determine payload
weight. J. Robot. Syst., 2003, vol. 20, no. 7, pp. 355-371, doi: https://doi.org/10.1002/
rob.10091

[12] Shiakolas P.S., Conrad K.L., Yih T.C. On the accuracy, repeatability, and degree of influence
of kinematics parameters for industrial robots. Int. J. Model. Simul., 2002, vol. 22, no. 4,
pp. 245-254, doi: https://doi.org/10.1080/02286203.2002.11442246

[13] Wang K., Lien T.K. Structure design and kinematics of a robot manipulator. Robotica, 1988,
vol. 6, no. 4, pp. 299-309, doi: https://doi.org/10.1017/S0263574700004665

[14] Sanjuan J., Rahman M., Rulik I. Forward kinematic analysis of Dobot using closed-loop
method. IJRA, 2020, vol. 9, no. 3, pp. 153-159, doi: http://doi.org/10.11591/
ijra.v9i3.pp153-159

[15] Pichkalev M., Lavrenov R., Safin R. et al. Face drawing by KUKA 6 axis robot manipulator.
DeSE, 2019, pp. 709-714, doi: https://doi.org/10.1109/DeSE.2019.00132

[16] Wei B., Shu S.H., Zhang Y. et al. Kinematics analysis and trajectory planning simulation of
manipulator based on AUBO-I5. IEEE ICDSBA, 2020, pp. 72-75, doi:
https://doi.org/10.1109/ICDSBA51020.2020.00025



#09(786) 2025

M3BECTWA BBICIHIVX YYEBHBIX 3ABEJIEHNN. MAIIIMHOCTPOEHME 9

References

[1] Javaid M., Haleem A., Singh R.P. et al. Significant applications of Cobots in the field of
manufacturing. Cogn. Robot., 2022, vol. 2, pp. 222-233, doi: https://doi.org/10.1016/
j.cogr.2022.10.001

[2] Weiss A., Wortmeier A.K., Kubicek B. Cobots in industry 4.0: a roadmap for future practice
studies on human-robot collaboration. IEEE Trans. Hum. Mach. Syst., 2021, vol. 51, no. 4,
pp. 335-345, doi: https://doi.org/10.1109/THMS.2021.3092684

[3] Mortl A., Lawitzky M., Kucukyilmaz A. et al. The role of roles: physical cooperation between
humans and robots. Int. J. Robot Res., 2012, vol. 31, no. 13, pp. 1656-1674, doi:
https://doi.org/10.1177/0278364912455366

[4] Phan T.P., Chao P.C.-P., Cai J.J. et al. A novel 6-DOF force/torque sensor for COBOTs and
its calibration method. IEEE ICASI, 2018, pp. 1228-1231, doi: https://doi.org/
10.1109/ICASI.2018.8394511

[5] Alenjareghi M.]., Keivanpour S., Chinniah Y.A. et al. Computer vision-enabled real-time job
hazard analysis for safe human-robot collaboration in disassembly tasks. J. Intell. Manuf.,
2024, doi: https://doi.org/10.1007/s10845-024-02519-8

[6] Staretu 1. Robotic arms with anthropomorphic grippers for robotic technological processes.
Proceedings, 2020, vol. 63, mno. 1, art. 77, doi: https://doi.org/10.3390/
proceedings2020063077

[7] Gasparetto A., Scalera L. A brief history of industrial robotics in the 20th century. Advances
in Historical Studies, 2019, vol. 8, no. 1, pp. 24-35, doi: https://doi.org/10.4236/
ahs.2019.81002

[8] Lee D., Seo T.W., Kim J]. Optimal design and workspace analysis of a mobile welding robot
with a 3P3R serial manipulator. Rob. Auton. Syst., 2011, vol. 59, no. 10, pp. 813-826, doi:
https://doi.org/10.1016/j.robot.2011.06.004

[9] Mason M.T., Pai D.K,, Rus D. et al. A mobile manipulator. IEEE Int. Conf. on Robotics and
Automation, 1999, vol. 3, pp. 2322-2327, doi: https://doi.org/10.1109/ROBOT.1999.770452

[10] Marques L., Martins A., de Almeida A.T. Environmental monitoring with mobile robots.
IEEE/RS] Int. Conf. on Intelligent Robots and Systems, 2005, pp. 3624-3629, doi:
https://doi.org/10.1109/IROS.2005.1545133

[11] Crane III C.D., Duffy J. A dynamic analysis of a spatial manipulator to determine payload
weight. J. Robot. Syst., 2003, vol. 20, no. 7, pp. 355-371, doi: https://doi.org/10.1002/
rob.10091

[12] Shiakolas P.S., Conrad K.L., Yih T.C. On the accuracy, repeatability, and degree of influence
of kinematics parameters for industrial robots. Int. . Model. Simul., 2002, vol. 22, no. 4,
Pp- 245-254, doi: https://doi.org/10.1080/02286203.2002.11442246

[13] Wang K., Lien T.K. Structure design and kinematics of a robot manipulator. Robotica, 1988,
vol. 6, no. 4, pp. 299-309, doi: https://doi.org/10.1017/S0263574700004665

[14] Sanjuan J., Rahman M., Rulik I. Forward kinematic analysis of Dobot using closed-loop
method. IJRA, 2020, vol. 9, no. 3, pp. 153-159, doi: http://doi.org/10.11591/
ijra.v9i3.pp153-159

[15] Pichkalev M., Lavrenov R., Safin R. et al. Face drawing by KUKA 6 axis robot manipulator.
DeSE, 2019, pp. 709-714, doi: https://doi.org/10.1109/DeSE.2019.00132

[16] Wei B., Shu S.H., Zhang Y. et al. Kinematics analysis and trajectory planning simulation of
manipulator based on AUBO-I5. IEEE ICDSBA, 2020, pp. 72-75, doi:
https://doi.org/10.1109/ICDSBA51020.2020.00025

CraTpa nocTtynmia B pefakunio 13.12.2024



10 M3BECTV BBICHIMX YYEBHBIX 3ABEJEHUN. MAIIIMHOCTPOEHNE

#09(786) 2025

Nudopmanus 06 aBTopax

POTAYEB AHToH A/eKCaHAPOBMY — BeAyLIMil MHXeHep
nmabopatopun pobororexunkun HUW mexannkn. MI'Y umenn
M.B. Jlomonocosa (119192, MockBsa, Poccuiickas Qepeparys,
MnaypuHCKuit p., . 1, e-mail:

arogachev@imec.msu.ru).

KJIIMIMOB Koncrantun BragumMupoBuy — BefyLnii MHXe-
Hep maboparopun pobororexuukn HUNM wmexanuxku. MIY
umenu M.B. Jlomonocosa (119192, MockBa, Poccuiickas ®e-
Ieparus,
kklimov@imec.msu.ru).

MunaypuHCKuit p., 1. 1, e-mail:

ITEPBOB Poman MuxaiimoBu4 — BefyIuii MHEXKeHep nabo-
patopun pobotorexunku HWWM wmexanuku. MIY wnmenHn
M.B. JlomoHocoBa (119192, Mocksa, Poccuitckas Pepeparyys,
MuaypuHCKuit mp., 4. 1, e-mail: romanscherbov@gmail.com).

POMAHOB Anppeii AteKCaHAPOBUY — KaHIMAAT TeXHUYe-
CKUX HayK, MIaunii HaydHbli coTpyguauk. ®PI'BYH Vuctn-
TYT MalmmHoBeAeHus uM. A.A. braroupasosa PAH (101000,
Mocksa, Poccuiickaa ®enepauns, Manbiii XapUTOHbeBCKMIT
Iepeyox, . 4, e-mail: Dru.ny@mail.ru).

Information about the authors

ROGACHEV Anton Alexandrovich — Leading Engineer,
Laboratory of Robotics, Scientific and Research Institute of
Mechanics. Lomonosov Moscow State University (119192,
Moscow, Russian Federation, Michurinskiy Ave., Bldg. 1,
e-mail: arogachev@imec.msu.ru).

KLIMOV Konstantin Vladimirovich — Leading Engineer,
Laboratory of Robotics, Scientific and Research Institute of
Mechanics. Lomonosov Moscow State University (119192,
Moscow, Russian Federation, Michurinskiy Ave., Bldg. 1,
e-mail: kklimov@imec.msu.ru).

SCHERBOV Roman Mikhailovich — Leading Engineer,
Laboratory of Robotics, Scientific and Research Institute of
Mechanics. Lomonosov Moscow State University (119192,
Moscow, Russian Federation, Michurinskiy Ave., Bldg. 1,
e-mail: romanscherbov@gmail.com).

ROMANOY Andrey Aleksandrovich — Candidate of Science
(Eng.), Junior Researcher. Mechanical Engineering Research
Institute of the Russian Academy of Sciences (101001, Mos-
cow, Russian Federation, Malyy Kharitonievskiy Pereulok,
Bldg. 4, e-mail: Dru.ny@mail.ru).

ITpocb6a cchUIaThCS Ha 3Ty CTATHIO CIERYIOIUM 00pasoM:
Poraues A.A., Kmumos K.B., lllep6os P.M., PomanoB A.A. O630p MaHMIIYIATOPOB IPY30MOABEMHOCTBIO O CEMM
KIJIOTPAaMMOB. M3eecmust 8vicuiux yuebHoix 3asedenuil. Mawunocmpoenue, 2025, Ne 9, ¢. 3-10.

Please cite this article in English as:

Rogachev A.A,, Klimov K.V., Scherbov R.M., Romanov A.A. Review of manipulator devices with a lifting capacity of
up to seven kilograms. BMSTU Journal of Mechanical Engineering, 2025, no. 9, pp. 3-10.



