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PEIIEHUE OBPATHOM 3AJIAYM KUEMATHUKH
3-SPS - MAPAJIUIEJIBHOT'O POBOTA

Mepexonckuii C.IN. *( JonHTY, 2. /loneyk, Yxpauna)

['maBHO# 1ENBI0 MPOMBIIIEHHOTO MPOU3BOJICTBA OBLIO W OCTaeTCS YAy4IICHHE
KauecTBa MPOIYKIMH TPU CHIKEHUHM CTOMMOCTH €€ W3roToBieHus. Ilepen coBpeMeHHBIM
MPOM3BOJICTBOM CTOAT 3ajaud co3jaHus 3(pdekTuBHOTO 000pyHOBaHMS, 00J1aaI0LIETO
BBICOKOW MPOU3BOAUTEIBHOCTHIO, HAJEC)KHOCTHIO M TOUHOCTHIO. 3HAYUTENHFHO MOBLICUTH 3TU
XapaKTePUCTUKH TMO3BOJSET 000pyAoBaHHEe Ha 0a3e MEXaHU3MOB C MapalljielIbHON
kuHeMaTukod. OJHMM W3 HamOOJee YacTo BCTPEYANOMIUXCS MPUMEHEHUH MEXaHH3MOB C
napajjieIbHOW KUHEMAaTHKOM SBIAIOTCS MapajuienbHble poOoThl. [losTomMy B Hacrosiiee
BpEMSs OJTHA M3 CAMBIX OYPHO Pa3BUBAIOIIUXCS OTpaciieid pOOOTOTEXHUKHU SIBISETCS OTPaCb,
M3Y4Yarolas MEXaHU3Mbl C MapauieTbHBIMU KHHEMAaTHYECKIUMHU CBSI3SIMH WM TapajuiebHbIe
MaHUMyASTOPEl. VIHTEpeC K NaHHOMY THITy MaHUIYJISTOPOB BBI3BAH DPSIIOM MPEUMYIIECTB,
KOTOPBIMH OHH O0JIAJAIOT TIO0 CPABHEHHIO C TPATUIIMOHHBIMHU MPOMBIIUICHHBIMU POOOTaAMHU.
[TapamnensHbie poOOTHI TPEACTABISIOT COOOW 3aMKHYThIE KHHEMATHYECKHE LeMu, 4YTO
obecrnieunBaeT 0o0jiee BBICOKYIO JKECTKOCTh BCEHM KOHCTPYKIIMM W MEHBIIME HArpy3Kd Ha
KOKABIA TPUBOJ, OTO B CBOK OYEpEeAb MPHUBOJUT K TMOBBIIMICHUIO TOYHOCTH
MO3UIMOHUPOBAaHUS pabouero oprana poboTta. Takke 3a cueT HE3HAYUTEIHLHOCTHU
MEePEeMEIaeMbIX MacC JOCTUTAETCSI BRICOKOE YCKOpEHUE pabouero oprasa.

[TapannensHple poOOTHI ¢ aKTUBHBIMH LeMsMH SPS-Tuma mpuBnekaioT Bc€ Oouiblie

BHUMAaHUs HCCJEIOBaTeNel, Tak Kak akTuBHble SPS-menu oOnagaroT Ooblel Hecymien
CIIOCOOHOCTBIO, YeM JPYTUe TUIBI aKTUBHBIX IETeH.
OpHOM M3 OCHOBHBIX TPYAHOCTEH MPH MPOSKTUPOBAHHWH TMapaliebHBIX MaHHUIYJISITOPOB
CUUTAETCS UX OYEHBb CJIOKHBIA MaTEMATHUECKUN aHAIHU3 M3-32 3aMKHYTOH KHHEMAaTHYECKOU
CTPYKTYphl. KpoMe Toro, mms Kaxaoi MeXaHHUECKON KOHCTPYKIIMU MPUXOJAUTCS OTHICKHBATh
CBOE, CBSI3aHHOE C OCOOEHHOCTSAMHU KOHCTPYKIIMH, MaTeMaTH4ecKoe OIMHCaHue OOBeKTa.
[ToaToMy 00BEKTOM WHCCIEIOBaHUs BbIOpaHa KOHKpPETHAsh KOHCTPYKIHS MapauieIbHOTO
poboTa ¢ Tpemsi aKTUBHBIMH SPS-mensMu. AKTYaJIbHOCTh pEIICHHs TOJ00HOW 3amauu
oOycroBiieHa TeM, 4YTO Ha CETONHAIIHUI JEeHb HUMEETCS HE3HAUUTEIhbHOE KOJIHMUYECTBO
HAy4YHBIX pa0OT MOCBSIICHHBIX JAHHOU TIpolOieMe.

HccnenoBanuio mapauienbHBIX POOOTOB MOCBSIIIEHO MHOXKECTBO HAYYHBIX paboOT U
npoekToB. [lepBoHauanbHO MapaiieNbHbIe MEXaHU3MbI OBLITH CO3aHbI AJIs IPUMEHEHHS HE B
obnactu pobotorexHuku. [lepBas MexaHWUYecKasi CUCTEMa TaKOTO THUIMA ObLa MAIIMHOM s
NPOBEPKH IIMH camojeToB, moctpoeHnHoir Gough [1] B 1949. Ilocne storo, Stewart [2]
MPUMEHIII TTOIOOHYIO CTPYKTYPY, IPUMEHUB €€ Kak JIETHBIN TpeHaxep. OmaHako, (haKTUIeCKu
ujesl MCIOJIb30BaTh MapajuielbHBIE CTPYKTYPHl B POOOTOTEXHUKE SBISETCS OYEHb HOBOM.
Hunt [1] wunentuduimpoBan mnapauieabHYI0 apXUTEKTypy, KOTOpas HMeeT HauboJiee
CYIIECTBEHHBI MOTEHIMAN Ui HWCIONb30BaHUs B poOoToTexHuke. [lo3ke HeCKOIbKO
uccnenonatenel, Takux kak Merlet [1] u Reboulet [3] uccnenoBanu u npoanaiu3upoBaiu 3Ty
ApXUTEKTYPY.

Jns co3manus Haumbonee >PQPEeKTUBHOM MOJENHM MapaieIbHOro podoTa ¢ Tpems
CTEMEeHSIMU CBOOOIbI, 00ECTIEYNBAIOIETO MIEPEMEIICHHS BJOJIb OCEH KOOpAUHAT, BO3HUKACT
HEO0OXOIUMOCTD B PEIICHUU 00paTHOH 3a/1a4 KHHEMATHKHU poOOTa.

Ha puc.1 npeacraBneH npocTpaHCTBEHHBIN MapailieNbHbII MaHUnymsTop SPS-tuma ¢
TpeMsi CTENeHs MU CBOOOABL. TpH OJWHAKOBBIX LIEMU COCAUHSAIOT MOJBIKHYIO MIATHOpMy
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B1B>B; wHenonBwkHOW Tuiargopmoit  A14A4s. Ilpu 3TOM UCHONB3YIOTCS CcdepuyecKue
[IApHUPBI, KaK I TOJBUXKHOM, TaK U JJIs HEMOABIXKHON miaTdopMbl. Takxke Kaxnaas 1enb
COJICPKUT MPU3MATUUYECKUN LIAPHUP, KOTOPBIN MO3BOJSAET U3MEHATh JJIUHY LENH. DTU TPU
MPU3MATHYECKUX [IAPHUPA MCHOJIB3YIOTCS KAk BXOJHBIE HW3MEHSEMBIE IapaMeTpbl
MaHUIYJISTOPA.

Tak Kak Iemy COEOUHSIOTCS C TIOJBMXKHOW W HEMOJBIKHOW IIaThopMoit ¢
MOMOIIBI0 CHEPUUECKUX IIAPHUPOB, HE BO3HUKAIOT U3THOAIOIINE U KPYTSIIHE MOMEHTHI B
uernsix. Cuna, IEUCTBYIONIAs HA KaXJyI0 LIEMb, HAMPABIIEHA BJIOJb MPOAOILHON OCH LEIH.
CrnenoBaTenbHO, 3TU IENH MOTYT OBITh CICNAHBI B BHJIC MOJBIX MUIUHIPUICCKUX CTEPHKHEH
JUISL TIOJTYYEHHUS JIETKOTO, BBICOKOIIPOYHOTI'0, JKECTKOI'0 MAHUITYJISTOPA.

B

Aa
Puc.1. IIpoctpancTBeHHbIH SPS-MaHUITYISTOP C TPEMS CTETIEHSIMH CBOOOIbI

JInst aHanm3a MexaHu3Ma TPeUI0KEHBI IBE CHCTeMbI KoopauHar: A(X, Y, Z), cBI3aHHas
C HEMOABIXHOW Tuiatgopmoid, u B(U, Vv, W), cBsi3aHHas C MOABIWKHOW TaTGopMoOi Kak
noka3zaHo Ha pwuc.l. llenu, coemuHsIOMKE MOIBMKHYIO W HEMOJIBIXHYIO IIaT(OpPMBI,
pacrioyararorcsi OTHOCHUTENbHO Jpyr napyra moja yriom 120°. Toukum A14243 nexar B
IUIOCKOCTH X-Y, a Touyku Bi1ByB3 nexar B miockoctd U-V. Hauwano xkoopmunat O
3a(hUKCUPOBAHHON CUCTEMbI KOOPAWHAT HAXOIUTCS B LIEHTPE TSHKECTH TPEYroJibHUKa A1A4243
u orpe3ok OA; NmeXHT Ha X-OCH. AHAJIOTHYHO, HAYaJ0 KOOpAWHAT P MOIBHMKHONW CHUCTEMBI
KOOpJAMHAT HAaXOJUTCS B LIEHTPE TSDKECTU TPEYrojbHUKa B1B,B3 u oTpe3ok PBj nexur Ha U-
ocu. O6a tpeyronbHuka A14243 1 B1B2B3 ABISAIOTCA PaBHOCTOPOHHUMH TPEYTOJIbHUKAMHU C
OA1:OA2:OA3:g u P81:P822P83:h.

[TpeobpazoBaHue OT NOABMKHON MIIATHOPMBI K HEOIBMXKHOM MOXKET OBITH OITUCAHO C
nomorsi0 BekTopa P=OP n MaTpuus Bparmenns *Rg. IIycTh 8 BEKTOpa HANPABICHHEIC H3
toukn O k TOukam A; CHCTEMBl KOOpAMHAT HENMOJABMXXHOW Tardopmbl, a bj Bektopa
HarnpaBJeHHbIe U3 TOUKH P k Toukam Bj cuctemMbl KOOpAWHAT MOIBUKHOM MIaT()OPMBL

Crnoco® mpeacTaBieHUsT MATPHIbl BpallleHHs MNOABMXKHOHN IU1aTGOpMbl B JTAHHOM
ciydae 0Oa3upyeTcs Ha TPUTOHOMETPHYECKOM IpeoOpa3oBaHMU MeToxoM Diinepa [4].
Marpuia BpaieHust MOKeT ObITh BhIpa)Ke€Ha HAIPaBIISIIOIIMMU KOCHHYCAMU BEKTOPOB KaK:
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cosffcosy+sinasinfsiny  -cos fsiny +sinasinfcosy cosasinff
cosasiny COS & COs Y -sina
-sinficosy + sinccos fsiny sinfisiny+sinacosfcosy cosacosf], (1)

r7ie o, B U Y — YIIIbl IOBOPOTA OTHOCUTEIHHO OCeii U, V U W.
Cienyer oOpaTHTh BHHMAHHE HA TO, YTO SIEMEHTHI ''Rp HODKHBI YIOBICTBOPSTH
CJIEYIOLUE YCIOBHUSL:

uf+ui+ui=1,
vi+vi+vi=1,
witwitwi=1,
UpVy + Uy Wy Uz =0 ’
UypWy + Wy +uzwz =0 ’
VpWy + Vyp Wy + VW2 =0 (2)

C mnoMompl0 3aMKHYTOM BEKTOPHOM JAMarpaMmbl MOXKHO TMOJYYHUTH CIEAYIOIIEee
PaBEHCTBO B BEKTOPHOM BHJIE, onpeaestoiiee BekTop AiBi:

ABi = p+ ARB Bbi - 4 (3)
JlnuHa xaxmout I-toit nenu di onpesenseTcs Kak CKaJsipHOE MPOM3BEIACHUE BEKTOpa
A;Bi Ha camoro ce0s:
d’=[p+"Rehi-ai]'[p+*Re®bi-ai], mi=1,2, 3. (4)
3anucaB BoipaxkeHue (4) Tpu pasza sl KaXIOW M3 LEMeH, MOoJIyduM TPHU YpaBHEHUS
XapaKTEePU3YIOMIUX MOJOKEHHE TMOJBIKHOW TUIAaTGOPMBI OTHOCHUTEIHHO HEMOIBUKHOM.
Bekropsl ° u a wumeror MOCTOSIHHYIO BEJIMYMHY W ONPEHEISAIOTCS TIe€OMETPHUEN
MaHUIYJISATOPA.
Pemenne oOpaTHOW 3aauyu KUHEMATHKHU ISl JAHHOTO MapajuIebHOTO MEXaHHM3Ma
3aKIII0YaeTCsl B HAXOXACHMM JUIMH Iiereld poOoTa MpH 3aJaHHBIX KOOpAMHATax pabodeit
TOUKH poOoTa. Perienue 3Toi 3a1aun it KaKI0# nenu podora u3 (4) umeer BU:

. . - . T
di — iJ_UPT + BUETBUE' +ujuyg + ZpT“'RB BUE' — ZPTELE' - Z[ARB Bbz‘] i (5)

CrnenoBartenbHO, JUIS ONpPENeNICHUs TOJ0KEHUS MOABKHON TUIAT(OPMBI CYIIECTBYET
JIBa PEILICHMS I KaXIO0M M3 LENed, MOJIOKUTEIbHOE M oTpuuarensHoe. Ho mosryuenue
OTPHIATENBHBIX JJIMH Lened (U3NUECKH HEOCYIIECTBUMO, IMOATOMY, Koraa pemieHue d;
MPUHUMAET KOMIUICKCHBIN BUJI, TIOJIOXKEHHUE MOABKHOHN MIIAT(POPMBI HEAOCTIKUMO.

Bbi6oovt. Taxum o00pa3oM, [ociae MPOBEACHHS KHHEMAaTHUYECKOTO  aHaiMu3a
napajieIbkHoro  podoTa MOXXHO — cenaTh — ciefyoume 3akimodeHus. [lomydeHHbie
3aBHCHMOCTH MOTYT OBITh HCIIOJNIB30BAaHbl MPU IMPOEKTUPOBAHUM CHCTEMBl YIPABICHUS
poboTa ¢ Takol KMHEMaTHYeCKOW CTPYKTYpoil. Pemenue 3anaun oOpaTHOW KMHEMATUKH JAET
JIBa pe3ysbTara, OAMH U3 KOTOPHIX (U3UYECKU HepeaTn3yeM.
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N°15, (1965-66), pp 371-379. 3. J. P. Merlet et C. Gosselin « Nouvelle architecture pour un
manipulateur parallele a six degrés de liberté ». Mech. Mach. Theory Vol 26, N° =1, 1991, pp
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