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PaccMOTpeH MexaHM3M C TpeMsI CTeNeHsIMI CBOOOMBI, BBIXOZHOE 3BEHO KOTOPOTO COBEpIIIa-
eT KojebarenbHbIe ABVDKEHNsI BOII3Y OCOOBIX IOTIOXKEHMIL. B 3aBMCHMOCTI OT HaYanbHBIX
YCTIOBMIT, MacChl BBIXOZHOTO 3BeHa U KO3 UIMEHTOB 0OPATHBIX CBs3€ll IPUBOJOB MMEIOT
MeCTO pas/nyHble BUABL JBIDKEHNIT MeXaHN3Ma. B 4acTHOCTY, MOXKeT IPONMCXORUTD Iiepe-
xop, 4epe3 ocoboe 1onoxkeHne (CMHIYIApHOCTD). IlocTynaTenbHble IPUBOABI TAKOTO MeXa-
HI3Ma PACIIONOXKEHBI 10 pebpaM HuUpaMupbl, GOPMUPYEMOiT KMHEMATUIECKUMI LeTsIMU
tpunona. Ocy IPUBOKOB CXOMSATCS B OGHO TOUKe — I[eHTpe BBIXOXHOTO 3BeHa. Best macca
COCpefloTOYeHa B BBIXOJJHOM 3BeHe (pabodeM opraHe). B cBoio odepepp, BCsl YIPYrocTb Ta-
KOTO MeXaHM3Ma OIpefe/sieTCsl IMHEeHbIMY IpuBofaMu. VHTepec BbI3bIBaeT 3aBMCHMOCTD
MeX/ly 4aCTOTOJ KomeOaHMil I HauyaJIbHBIMM YCIIOBMAMMU. Y CTaHaB/IMBas HaYalbHOE OJIO-
JKeHIe BBIXOJHOTO 3BeHa O/IyDKe MV [ajiblile OT TOYKY PaBHOBECHS, MOXKHO ITOTYIUTh pas-
JIMYHBIE 3aKOHBI IBVDKEHNVs BBIXOFHOTO 3BeHA. B 4acTHOCTHM, YKa3aHHOe 3BEHO MOXKET ITe-
peiiTu depes ocoboe monoxeHe. MeHsist BBICOTY HaYalbHOTO HOTOXKEHNSI BBIXOJHOTO 3Be-
Ha, MOXXHO IIOJIyYUTh PAa3IUIHYI0 YACTOTy KojebaTenbHOro Ipouecca. Takum obpasom,
MMeeT MeCTO 3aBUCUMOCTb YACTOTHI KOMeOaHNUIt OT aMIUIUTY/BL.

KnroueBble cmoBa: MexaHI3M napa)meanOI?[ CTPYKTYpPBHI, ocoboe IIOJIOJKEHME, CUHTYAP-
HOCTb, Ha4a/IbHbIC€ YC/IOBMA, 3aKOH JIBVDKEHUA

The paper considers a three degrees of freedom mechanism, which output link is oscillating
in vicinity of the singular positions. Various types of the mechanism motion are observed
depending on initial conditions, mass of the output link and feedback coefficients of the
drives. In particular, transition through a specific position (singularity) could take place.
Translational drives of such a mechanism are positioned along the edges of a pyramid
formed by the tripod kinematic chains. Axes of the drives converge at one point, i.e. at the
output link center. The entire mass is concentrated in the output link (working body). In
turn, entire elasticity of this mechanism is determined by the linear actuators. Dependence
between the oscillation frequency and the initial conditions could be of interest. By setting
the output link initial position closer or farther from the equilibrium point, different laws of
the output link motion could be obtained. In particular, the specified link is able to pass
through singularity. By changing the output link initial position height, different frequency
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of the oscillatory process could be received. Thus, there appears a dependence of the oscilla-

tion frequency on the amplitude.

Keywords: parallel structure mechanism, singular position, singularity, initial conditions,

law of motion

[t 3¢bdeKTUBHOrO BBINOTHEHNsI Pa3/INYHbIX TeX-
HUYECKMX 3a7ad [1, 2] IpUMeHSI0T MeXaHU3MBI Ia-
pamnenpHo cTpykTypbl (MIIC) [3-5]. VccnenoBa-
H1o MIIC nocBsiieHo 60/bloe KOMMYecTBo Iy6-
nMKaumit, B dvactHoct [7-15]. Paccmotpensr
Ba)KHBbIE BOIIPOCHI, CBSI3aHHBIE C OCOOBIMY IIO/IOXKe-
HusiMu [5, 7, 15], pabounmm 3oHamu 6], KuHemaTn-
YeCKOJl 1 IMHAMUYECKOl pasBsskamu [8], onTumu-
3a1jyell mapameTpoB [9], CHIDKeHMeM 3HepreTmde-
ckmx 3arpar [13], ypaBHoBemmBaHueMm [14] n
MOCTOSIHCTBOM II€PeaTOYHbIX OTHOLIEHNI [16].

Hanmuune 0coObIX NONMOXKEHWUI (CHHIYISAPHO-
CTeil) CyIeCTBEHHO B/IUAET Ha (YHKLMOHAIbHbIE
Bo3moxxHoctu MIIC. IIpoBefeHbl uccnefoBaHuA
[17, 18] cMHTYNApPHBIX 30H (30H OCOOBIX ITOJIOXKe-
HMIT), Pa3MEPHOCTb KOTOPBIX Ha e[MHIIy MEHbIIIE,
YeM YICIIO CTeleHel CBOOOIBI.

OpgHako muHamMmuyeckuM cBoiictBam MIIC u,
B YAaCTHOCTM [JBVDKEHMAM BOIM3M OCOOBIX IOJIO-
JKEHNI, TOCBAIEHO OTHOCUTEIBHO Majo ITyOym-
Kalmii.

Ilenp paboTbl — MCCIeOBaHMe [UHAMUIECKIX
cBoitcte MIIC Ttuma «Tpumon» BOMU3M OCOOBIX
HOMOXKeHUI 1mbo Ipu MX IepecedeHun. Takas
IUHaMMJYecKasl CUCTeEMa NO/DKHA o61ajgaTh CBOII-
CTBaMU HENMHENHOCTY, KOTOPbIe HAJIeKUT BHI-
SIBUTb.

PaccmarpuBaempiit MIIC tumna «rpunopy» umeeT
TPU CTelleHN CBOOOIBI M TPU KMHEMATU4YeCcKe 1ie-
mu (puc. 1). Kaxpas xmHeMaTndeckas Iiellb CO-
HepXuT 1o jBe cepuyuecKre KuHeMaTUYecKue
Iapbl COOTBETCTBEHHO A, U By, A, u B,, As u Bs.
IenTps! kuHeMaTHueckux nap A, A,, As coBnaja-
10T. Kpome Toro, xaxpasd KuHeMaTudeckasd Iiellb

y O, A3

% B, B R

B,
2

Puc. 1. Cxema MIIC tuna «rpumnozp»

COJIep)KUT JIMHENHBIN ABUTaTeNb. TakuM obpasom,
IIpPY 3aTOPMO>KEHHBIX IIPMBOJAX MMeeT MeCTO M-
pamupa.

B paccmaTtpuBaemMoM ciydae Bce TOYKU B, B,
B; pacnonokeHpl B TOPM3OHTa/lbHON IIOCKO-
ctu xOy.

PacrionosxeHne sTux Touek COOTBETCTBYET PaB-
HOCTOPOHHEMY TPEYTOJIbHUKY, II0O3TOMY MX KOOP-
AVHATBL PaBHBI, M: TOUKa By (\/5/2, —1/2, 0), Touxa
B, (—/3/2,-1/2,0), Touka Bs (0, 1, 0). Koopau-
HaTbl Touek Ai, Az, A; B cuCTeMe KOOPAMHAT Bbl-
xopHoro 3BeHa (B3) paBHbI HyIIIO.

KonebatenbHblll IpoIiecc ONpefieNoT CIefyo-
1iye mapamerpsl: Macca B3 m =100 xr (mpuHmuMaem,
YTO Macca KMHEMAaTHYeCcKMX Lierleil peHeOpexMo
Masa); K03 UIMEeHTbI YIPYrocTu MPUBOLOB ¢ =
=0 =¢=40 H/M (cuntaem, 4TO MPUBOABI UMEIOT
JIMIIb OOPaTHYIO CBA3D IO ITOTIO>KEHNUAM, BbIpaXKae-
Myl0 K03(ppuIMeHTOoM yIpyrocru); o600IIeHHbIe
KOOPAMHATHI (PacCTOSHMA MeXJy TouKamu A; u B;,
i=1, 2, 3), IpM KOTOPBIX CWIBI YIIPYTOCTY PaBHBI
Hymo, Li=L,=L;=2,2 m.

bymem paccMaTpuBaTbh OBVDKEHMs, BbI3BaHHBIE
CUJIaMJl YIPYTOCTM B NIPUBOJAX U CUION TAXKECTH,
melicTyromieit Ha B3. YpaBHeHus pasymkeHusa B3
VIMEIOT CTIelyIOLMIA B

dav, _
dt
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Ihe Vi, Vy, V, — CKOpocTM iBM>XeHus B3 mo co-
OTBETCTBYOLIMM KOOpAMHaTaM; | — BpeMsd;
X, ¥, £ — KOOpAMHATBl LieHTpa B3; x5, X3,
XBs> VB> JVB> )YBi> ZB> ZB> <p3 — TOYKHU
KpeIUIeHNsI LIEHTPOB CepuyecKux IIapHUPOB Ha
ocHoBanum; I,bL,ls; — [IMHBI BBIABIYKEHUA
HITOKOB IIPMBOJIOB.

HecMoTps Ha NMHENHDBIA XapaKTep CUJIbI YIIPY-
rOCTM B KaX[OM U3 IIpUBOAIOB, Ha B3 pelicTByeT

C3 /—m,

v,, M/c

4
21 /\/\
0

-2 1 1
0 5 10 t,c

Puc. 2. VI3smMeHeHMe BO BpeMeHM | KOOPAMHATSHI Z (C/IeBa) 1 CKOPOCTH ABIDKeHMs v, (cmpaBa) B3
IIPY PasNMYHBIX Ha4aTbHBIX IOTOXEHMAX:
a—z=6mM;6—z=4M;8—2=325M
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COBOKYNIHOCTb CWJI, Hé JIMHENHO 3aBUCALIUX OT
MMoJIoKeHUi. B ¢BsA3Mu ¢ 9TUM Ba>kHO 3HATbh, 3aBU-
CUT JIM 4acTOTa KOJeOaHUII OT HaYaJIbHBIX yCIIO-
BUIL.

B yactHOCTM, B 0COOOM ITOOXKEHNM, KOTHA BCE
KMHEMaTU4eCcKue LNy pacloioKeHbl B OJHON
IVIOCKOCTH U IIepeceKaloT OChb Z, BCe CUIIbI YIIPYTo-
ctm OyAyT B3aMMHO ypaBHOBelIeHBL IIpu aTom,
KaK U B IIOJIOKEHMM, KOTZa BCE CWJIBI YIIPYTOCTU
paBHBI Hy/II0, Ha B3 Oyper neiicTBOBaTh TOIBKO
CUIA TSOKECTH.

byneM MeHATH Hava/lbHbBIE YCIOBUA — Hadaslb-
HYIO TOUKY, I3 KOTOPOJI HauMHaeT [iBIoKeHne B3, —
M MOJy4aTb pas3luMyHble 3aKOHBI MABIDKeHuA B3.
B yacTHOCTM, MOXXHO TIOMYyYUTb TAKOV IIPOLIECE,
Korga OyfeT IepecedeHa TOPM3OHTA/IbHAA IUIOC-
KOCTb, Ha KOTODOJ PAaCIOJIOKEHbI LIEHTPbl HEIO-
IBVDKHBIX cepmueckux map KMHEMATUYeCKuX Iie-
1evi, T. e. OyfeT IpoiiieHo 0co60e MOI0KEHNE.

PaccmoTpuM pasnudHble HadanbHbIE YCIOBUA U
COOTBETCTBYIOIME 3aKOHBI BV>KeHua B3. Ilycrpb
HayvajJbHble YC/IOBUsA TAaKOBBI, UTO CKOPOCTb MBU-
JKeHUA B3 paBHa HY/IO, a €er0 KOOpAIMHATA Z = 6 M.
I'paduxu n3MeHeHNUs BO BpeMeHU KOOPAWHATHI Z U
CKOpoCTU ABVD>KeHUA B3 mokasaHbl Ha puc. 2, a.

Ecny HavyanbHasg ckopocTh ABIDKeHM: B3 paBHa
HYJIIO, A €T0 Haya/lbHasA KOOpAMHATA Z = 4 M, To B3
BHOBb IIEPEXOUT 4epe3 0co00e MOMOKeHNUe

(puc. 2, 6).

JInuteparypa

Ecnu HavanbHast CKOpOCTh IBIOKeHMs B3 paBHa
HYJIIO, @ €r0 Haya/jbHasi KOOpAUHAaTa Z = 3,25 M, TO
3aKOH JiBIDKeHUs1 B3 HammeHee 6/1M30K K rapmo-
HUYeCKUM Kojnebanusm (puc. 2, 8).

Kak BupHO M3 puc. 2, fuHaMm4ecKkas cucTeMa
obnajjaeT CBOVICTBaMM HENMVMHETHOCTY, OIIpefesisi-
eMBIMI TIapa/UIeJIbHOM CTPYKTYPOIl MeXaHM3Ma
TUIIa «TPUIIOf». B 0coboM mmosoxeHunu, KOoTopoe
nepecekaeT B3, cuia IpuBOJOB B3aMMHO yYpPaBHO-
BemeHa. Kpome Toro, nmpu npunbavbKeHUn Havdaib-
HOTO IOJIOXKEHMUs K 0COOOMY 4acToTa KormeGaHmil
YMEHBIIIAETCs, YTO MO>KHO HAaOJIIOZIaTh Ha COOTBET-
CTBYIOLIVX rpadukax.
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