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Opecckasi HallMOHAJIbHAS aKaIeMHUsI MTUILEBBIX TEXHOJIOT M

KNHEMATHYECKOE UCCJIIEJOBAHME ITATU3BEHHOI'O
3YBYATO-PBIYA’KHOI'O MEXAHHU3MA

PeweHa 3ada4ya KUHEMamu4ecko2o aHAAU3d NSIMU38EHHO20 3Y64AMO-pbl4aNCHO20 MEXAHU3MA, 8XOOHbIM 36EHOM
Komopozo sieasiemcsi yuauHdpudveckoe 3y6uamoe Ko/1€C0, YCMAHOB8/eHHOe COOCHO C OOHUM U3 pblyazo8 6ad308020
WApHUpHO20 4Yemblpex38eHHUKA. Mamemamuyeckoe ModeaupogaHue nocmas/eHHol 3adayu  ocyuecmesieHo ¢
npuMeHeHUeM 3/1eMeHMOo8 8eKMOPHOU as2e6pbl U NOHAMUS «06PAWeEHHbII MeXaHu3M», 4mo NO380/UA0 NOAYYUMb
@PYHKYUIO NO/0NCEHUS] MeXaHU3Mad OMHOCUME/bHO pblided, COOCHO20 C 3y64ambvlM K0/1ecoM, 8 sude a/2e6pauyeckozo
YpasHeHUs1 Yemeepmozo Nopsiokd. YCmaHoe/1eHo, Ymo U3 4Yembvlpex 803MONMCHbIX KOPHell ypasHeHus), delicmeumeabHbIMU
Mozym 6bimb MoJbKO 08a, coomeemcmayrujue deym c60pkam 6a308020 WAPHUPHO20 Hemblpex3geHHUKA. [IpusedeH
4uc/10801 npumep.

Kaiouesvle caosa: kuHeMmamuyeckuill aHaUu3, 8X00HOe 38eHO, 3y6Yamoe Ko/1eco, ModeauposaHue, aizebpauyeckoe
ypasHeHue, KOpeHb ypagHeHUsl, 6a308blll WAPHUPHDLIL Yemblpex38eHHUK.
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KINEMATIC RESEARCH OF THE GEARED FIVE-BAR LINKAGES MECHANISM

Among geared linkages mechanisms a five-bar geared linkages mechanism is the most widespread in the technique, as well as its
varieties. It happens because of a small number of its links. The analysis of the modern condition of the question of the kinematic analysis of
the five-bar geared linkages mechanism has been carried out and urgency of the task, stated in the work, has been substantiated. In the
research of this mechanism, which was made before, the links of the base jointed four-linked mechanism were used as an entrance link. In the
given work the spur gear wheel, mounted on the basis of the mechanism coaxially with one of the levers of the base jointed four-linked
mechanism, was taken as an entrance link. It allows to reveal new functional abilities of the mechanism. The solution of the task of the
kinematic analysis has been carried out by application of the elements of vectorial algebra and abstract notion of “a transformed
mechanism”. The function of the condition of the exit link of the base jointed four-linked mechanism coaxial with the entrance spur gear
wheel, has been received as an algebraic equation of the fourth order. The analysis of this function has shown that from the four possible
roots of the equation only two roots can be real, which correspond to two assemblies of the base jointed four-linked mechanism. It has also
been determined, that the exit link of the jointed four-linked mechanism, coaxially with the entrance gear wheel, must be a crank. The simple
expressions, determining the kinematic indiced (condition, analogues of the speeds and accelerations) of the other exit link of the base
Jjointed four-linked mechanism have been received. The numerical example has been given.

Keywords: kinematic analysis, entrance link, spur gear wheel, modelling, algebraic equation, root of equation, base articulated
mechanism.

IIatuzBenHsle  3yO9aro-peryaxkHple  MexaHm3smbl (3PM) ¢ omHOW  CTENEHBIO  MOJBHUKHOCTH,
CHUHTE3MPOBaHHBIC Ha 0a3e NIAPHUPHOTO YETHIPEX3BEHHOTO PBHIYAKHOTO MEXaHHW3Ma IyTeM BHECCHHS Maphl
COTPSDKEHHBIX 3yOUYaThIX KOJIEC, HAILIM CPABHHUTEIBHO OOJBIICEe MPUMEHCHHE B Pa3IMUYHBIX OTPACIIAX TEXHHKH
Omaromapst Oosiee MIMPOKMM (DYHKIIMOHAIBHBIM BO3MOXKHOCTSAM B CPaBHCHHUH C 0a30BBIMH YCTHIPEX3BEHHBIMHU
pBIYQKHBIMA MEXaHU3MaMH pa3nuuHbIX Momudukanuit [1, 3, 5, 6]. B 3Tol cBA3W B TEXHUYECKOW IUTEpaTrype
HCCIIETIOBAaHUIO KHHEMATHKH
BbIlIeyKa3aHHBIX 3PM MOCBSILIEHO MHOTO

pabor. OpnHaxo, B paborax o - ~.
KHHEMaTHIECKOMY HCCIIEOBAaHHIO (Pz/ N\, 2'
HATU3BEHHOTO 3PM ONpeaeNeHHON \( \-‘/
CTPYKTYpHI (puc. 1), B kKadecTBE BXOIHOTO f .!

3BEHA BBIOPAHO OJJHO U3 PHIUAKHBIX 3BEHHEB /

6azoBoro LIaPHUPHO-PBIYAKHOTO / ®40
YeThIPEX3BEHHUKA, o0pa3sylomero B

KHHEMaTHYeCKyI0 Mapy cO CTOMKON — 3BEHO
1, 1160 3, 9TO, €CTECTBEHHO, CPAaBHUTEIBHO
o0JieryaeT MaTeMaTHUeCKoe MO/ICINPOBAHHUE
MOCTaBICHHON 33la4d KHHEMaTU4eCKOIro
aHaIu3a U e peanu3aluo.

Ha mam B3mmsim, ocoOwlii WHTEpeC
MIPEICTAaBICT HCCIECIOBAaHNE KHHEMAaTHKU
MIPEACTaBICHHOIO MEXaHW3Ma, BXOIHBIM
3BEHOM KOTOPOTO SIBJISIETCS 3yOUaToe KoJieco
4. B sTOM ciy4ae BEJOMBIMH 3BEHBSIMHU e
MOTYT OBITh KaK 3BEHO 1, Tak ¥ 3BEHO 3. Puc. 1. IIaTH3BeHABIIi 3y049aTo-pbIYaKHbIH MEXaHU3M

Lenpto paboThl ABISIETCSI MCCIIEIOBAaHUE KMHEMATHKH IPEACTABICHHOTO ISITH3BeHHOro 3PM, BXOIHBIM
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3BEHOM KOTOPOTO BEICTyIaeT 3y0dyaroe Koieco 4, a BEIXOMHBIM — peryaru 1, 3. CienoBaTensHO, 3aKOH TBHYKCHUS
3BeHa 4 3a1aH B BUIE Q4 = Q4(¢), IIe (P4— YroJ MOBOPOTA 3BEHA 4 OTHOCUTENHEHO CTOWKH MEXaHM3Ma; N3BECTEH

YIoJl (4 — HadalbHBIH yroJl IOBOPOTa JAHHOIO 3BEHA, a TaKXke JIMHeilHble pa3Mepsl /; (i =0,1,2,3) pbluaxkHbIX

3BCHLCB.

O0o3HaumM 4epe3 @ )i (j=12,3) yrmel TOBOpOTa TOABIKHBIX 3BEHBEB 0a30BOTO IIAPHUPHOTO

YEeThIPEX3BCHHUKA.
Jlist onpeneneHnst GyHKIUM TTOJIOKEHUST Q] = @ ((p4) paccMoTpuM BeKTOpHBINH KOHTYp ABCD (puc. 1).
3anumieM
l3+12 =l()+11 Wi lo+ll—[2 =l3. 1)
Jliist mepexoyia K cKamsipHo# opme 3anmcu ypasHeHue (1) BO3BOIUM B KBagpaT
2,452,542 2
Iy +17 +15 +2lply cos @) — 2Ll cos 9y — 21115 cos(9) — 92 ) =15 , )
2,72 42 72
I 1§ +1{ +15 =13 +2lgh cos @) —2lgly cos @y — 21115 cos(@; —3) = 0. 3)

Jns ynoOcrea panpHeHIIMX IpeoOpa3oBaHUM BBeAeM OOO3HAUEHUS: dg :lg +ll2 +122 —132 , q :21011 s
ap =2lyl, , a3 =2l I, , Toraa BbipaxeHue (3) mpUMeT BHL

a] cos@) —ap cosPy —az cos((p1 —(p2)+ ap=0. @)
IIpeobpa3ys BeipakeHue (4) MOTYYIUM CICTYIOIIANH MHOTOWICH
aj cos@) —ap cosQy —az cos Py cosPy —asz sin@ysin@,y +ag =0
U Janee
cos @) (a —az cos s ) —ay cos @y —az sin @y sin @y +ag =0. 5)
Jns HaxoXJeHUS yria @) MBICICHHO OTCOSIMHMM 3BEHO 3 OT 3BeHa 2 W PacCMOTPHM BHOBBb

oOpa3oBaHHBI MexaHuU3M (puc. 2). JlaHHBI MeXaHU3M
sBisiercst  TUQQepeHIranbHbM, W OH 00JajgaerT AByMs
CTETIeHSIMHU CBOOO/IbI.

Ucnons3ys, MIPUMEHHUTEIBHO K JTAHHOMY
MEXaHU3MY, METOZ OOpallleHHs IBM)KEHHS, 3anuinem [2]
. g4 —® zy’
; 512) 4= 2y ©)
Wy — Z4

rZle 3HaK «1» COOTBETCTBYET BHYTPEHHEMY 3allCTUICHHIO
KOJIEC z4 — 2’ , 3HAK «-» — BHEIIHEMY 3alleIUICHUIO.
[Ipeobpa3yem Beipakenue (6) k Oosee ymoOHOMY
BULLY
Wy —0 = (0)2 — (Dl)' 15112) WA

Wy :mz-iglz)—ml-i£12)+ml :wz-i£12)+w1-(1—i£12)). @)

Jemnm neByro m mipaBylo 4acTh ypaBHeHUS (7) Ha
] , IMeeM

Puc. 2. In¢depenunaibubiii 3y0UaTo-phIyakHbIH MEXaHH3M

W4 M

ié(llz) +1- i£12) W ¢y = (p’zig +1- igl) : (8)
o o

e ¢4, (p'2 — QHAJIOTH YTJIOBBIX CKOPOCTEH 3BE€HbEB 4 U 2 COOTBETCTBEHHO.

3anmmem ypasrenue (8) B nuddepenunansHoi Gopme

=] +1—i34 uma doy =i34dpy +d i34dog . 9
o 42 do, 42 P4 =145d02 +aQ1 —145d91 ©)
IMocie uHTErpUpOBaHUs ypaBHeHHs (9), BBHIY TOTO, UTO 14(32) = const , TIOIY4IAM

o4 =iJor +(1-i Jor. (10)
W3 (10) ans yrma @) MOIydnM BEIpaskeHHE
(1
P4 _(1 _14(12))([’1 (1) (1)
0 :T:lz4¢4—(124_1]¢1, (11)
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Bripaxenne (5) ¢ yaerom (11) mpuobperaer Bug
aj cos @] — Acos @; cos(Ag; )— B cos @y sin(A; )— C cos(hg; )— Dsin(Ag; )— Bsin ¢y x
xcos(Aoy )+ Asin @y sin(Ag;)+ag =0,

rae A= 1§Q -1, A=aj cos(i&)(pz;j , B=a3 Sin(i&)@4j , C=ay cos(i&)(pz;j ,D=ap sin(ig)(pz;J .
[Toce nmpeoOpazoBaHus JAHHOTO BBIPAKEHHS TTOJTyYHM

ajcos @) — A cos(igz(plj -B sin(igz(plj -C cos((ig) - lj(pl ) -D sin((ig) - lj(pl ) +ap=0. (12)
OueBunHO, ypaBHenue (12) permaemMo I KaXIOro 3HAYEHUS IE€PEIATOYHOTO OTHOLICHUS 19‘2 , 3a

HUCKITIOYEHNEM zgz =1. [lna nagpHEHIIETO pelIeHus 3a1a4d IPUMEM 192 =—1. Torna Ha ocHoBauuu (12) HaxoaUM
K cos @) + Bsin @) — C cos(2¢; )+ Dsin(2¢; )+ ag =0, (13)
rne K=a1—4.
[IprMeHUB W3BECTHBIC B TPUTOHOMETPUHU (HOPMYIBI K HAIIEeMy CiIydaro, BepaxkeHue (13) mpeacraBum B
BHJIC
K cos@p + Bsin@ —2Ccos? @1 +2Dcos@psin@Q +F =0. (14)
rne F=C+ay.

Hamee, mnsa pemenust ypaBHerus (14) mepeiimeM K OJHOMMEHHOW TPHUTOHOMETPHUYECKOW (DYHKIHH,
Harpumep K TanreHcy. Mcnons3ys GopMyisl IBOHHOTO apryMeHTa TOJyYuM

o), 2ele2) o - | 1mete) 2ele)

1+2(e1/2)  1+1g%(91/2) (1+tg2((p1/2))2 1+i(01/2) 1+12%(01/2)

BBozs o6o3HaueHUs x = tg((pl / 2) Y TIPOBOIS IPe0Opa30BaHuUs, HAXOIHM

ax4+bx3+cx2+dx+e=0, (15)

rie a=—-K-2C+F,b=2B—-4D, c=4C+2F, d=2B+4D, e=K-2C+F .

Taxum 00pa3oM, OTHOCUTENIPHO HEM3BECTHOIO yIila () HMeeM anrebpandeckoe ypaBHEHHUE YETBEPTOrO
nmopsinka. EcTecTBeHHO, W3 4YeTBIpEX TIONYYCHHBIX 3HAUCHWH KOpPHEW pEHmICHUs JTaHHOTO YpaBHEHUS,
JIEHCTBUTENTFHBIMU OyIyT TONBKO JIBa, COOTBETCTBYIOIIME IBYM COOpkaM 0a30BOTO MApHUPHO-PHIYAKHOTO
YETHIPEX3BCHHUKA.

Tounoe pemenue ypaBHenust (15) Ipon3BecTH TOBOJIBHO CI0XHO, IIO3TOMY PEKOMEHIYEeM OCYIIECTBISIThH
€ro YHCIICHHBIMHA MeToIaMu [4].

Koaddunmentsr ypasuenus (15) a, b, ¢, d, e sABIAOTCS QYHKIMAME OT yIila (4 TMOBOPOTA BXOIHOTO
3BeHa. Ciie1oBaTeNIbHO, U3 pelieHus ypaBHeHUs (15) B TabnuuHOM Gopme HaxoauM QYHKIIHOHATEHYTO 3aBHCUMOCTh
01 =0 ((p4) , 4TO TIO3BOJIMT METOJIOM YHCIEHHOTO nuddepeHInpoBaHus ONPeNeUTh aHAIOTH YIJIOBOH CKOPOCTH U
yckopenus 3BeHa 1. [Tocie 3Toro, onpenenuTs KHHEMAaTHIECKHe TTapaMeTphl 3BeHa 3 He MPECTaBISIET TPY/Ia.

U3 puc. 1 cnemgyer

03 = arctg l1sin @) — 15 sin @y ' (16)
lp +1p cos @y —1j cos @

OyHKIHA @1 = Q) ((p4) ompenenena. Torga u3 BeipakeHus (11) Haxogum QyHKIHIO @) = @) ((p4), 9TO

TIO3BOJISICT HAWTH NIEPBYIO W BTOPYIO POM3BOAHBIE QPyHKIHH (16).

Ipumep. Onpenenuts GyHKIMIO MOToKeHns Q] = @((Q4) MATHIBEHHOrO 3y6UATO-PHIYAKHOTO MEXaHH3MA
c mapamerpamiu: lg =0,1 M, /] =0,048 M, Ip =0,09 M, /3 = 0,08 M, nepenaTouHoe OTHOLIEHUE i) =—1.

Pemenne ypaBHEHHE (15) OCYIIIECTBIICHO c HCTIOJH30BaHUEM HHTEpHET-pecypca
http://erichware.info/sposob/matemat/urav234.htm. I'paduk GyHKIIMM MONOKEHUS 3BeHA | M €ro aHajora yrjioBou
CKOPOCTH IIPEICTaBJIeH Ha PHC. 3, OTKya CIeLyeT, YTO BEIXOAHOE 3BEHO COBEPILAET MOIHBII 000pOT C HepeMeHHOH
YIJIOBOM CKOPOCTBIO. 3BeHO 3 0a30BOro MIAPHHPHOTO YETHIPEX3BEHHHKA COBEPIIAET KauaTelIbHOE IBIKEHUE C
yrioM pasMaxa (Q3)max = 1,344 paanas.
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Puc. 3. 'paduk pynxuun nonoxennsi 38eHa 1 (kpupas 1) 1 ero aHaJIor yrioBoii ckopocTu (KpuBas 2)

BeiBOIBL:

1. @yHKIUS TOJIOKEHUS BHIXOJHOTO KPHUBOIIHIA B 3aBUCHMOCTH OT yIJIa IIOBOPOTA BXOJHOTO 3y04aToro
KoJieca HeJIMHEHHAs ¥ ee HEBO3MO)KHO BBIPA3UTh B SIBHOM BHJIE.

2. Jlume B TabmuaHOW (popMe MOXKHO TMONYyYUTh HHOOPMAIMIO O €ro MOJOXKCHUAX IIOCIIE PEUICHUS
aredpandeckoro ypaBHEHNS YETBEPTOTO MOPSIAKA.

3. Jna obecredeHns MOTHOW MPOBOPAYMBAEMOCTH BXOIHOTO 3y04aToro Koisieca JOJDKHO COOJIOAATHCS
HepaBeHCTBO /| </3 <[y <Ip, T.e. 0a30BbI MAPHUPHBII YETHIPEX3BEHHUK JOJKEH ObITh OJHOKPHBOLIUIHBIM UIIH

JIBYXKPHBOILIUITHBIM, ITPUYEM KPUBOIIUI U BXOJHOE 3y04aTOe KOJIECO TOIKHBI OBITH COOCHBIMH.

4. AHanu3 KMHEMaTHKU PacCMaTpPUBAEMOT0 MEXaHH3Ma MO3BOJISAET YCTaHOBHUTH, YTO BEAOMBIN KPHBOIIMII
BpalaeTcss HEPaBHOMEPHO M MAKCHMAJIBHBII €ro yroy MOBOPOTa 3a MOJNHBIA 000pOT BXOAHOTO 3BEHA ONPEACIACTCS
BBIPAKECHUEM ((p1 )max = 0,5(1 -1 2) .
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