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BUKOPUCTAHHSA INATYHHUX KPUBUX JIJIS TIPOEKTYBAHHSA
ABOKPUBOUIMNITHUX BAKIJIBHUX MEXAHI3MIB 3 PEI'YJIbBOBAHOIO
AMIIIITYJOIO KOJIMBAHHSA KYTOBOI IBUAKOCTI BUXI/THOI JIAHKH

B cmammi po3easHymo numamHs aHaAiday ma — cuHme3dy O080KPUBOWUNHUX BAXCIAbHUX MeXaHi3Mie 3
pez2y/nb08aHOI aMNAIiMydor KoAUBAHHA Kymoeoi weudkocmi 8uxioHoi NaHKU, 00epHCaHUX 3 8UKOPUCMAHHAM WAMYHHUX
Kpusux 64308020 MeXAHI3MY, KA KOHCMPYKMUBHO /1e2K0 J0Cs2aEMbCsl 3MIHOK NONONHCEHHS YeHmpa 06epmaHHs 8UXioHoT
AaHKu. Taki mexaHismu Moxcymbe 6ymu 36’13aHi 3 cucmemMamu agmomamu4Ho20 Kepy8aHHs.

Karouosi csaoea: 8axcinbHi MexaHismu, wWamyHHi Kpusi, Ko/AueaHHs weudkocmi, kym nepedaui, koegiyienm
HepisHomipHOocmi pyxy, Koediyienm duHamiyHocmi.
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THE USAGE OF COUPLER CURVES FOR THE DESIGNING OF DOUBLE-CRANKED LINKAGE MECHANISMS
WITH ADJUSTABLE RANGE OF ANGULAR VELOCITY OF THE OUTPUT LINK

Abstrac - The paper deals with the problems of analysis and synthesis of the double-cranked linkage mechanisms with adjustable
range of angular velocity of the output link which is obtained by using of the coupler curves of the base mechanism by means of the changing of
the rotation center of the output link. On the basis of the algorithm which is specified in the paper, the Mathcad-program which allows to perform
an analytical research of the kinematical parameters of the mechanism was made up. It enabled to determine the influence of the rotation center
position of the output link into the values of the coefficients of the movement irregularity and dynamism. The diagrams of these values changing
were made up and it is possible to find an appropriate adjustment range or, on the contrary, it is possible to find corresponding values of the
movement irregularity coefficient and dynamism coefficient using given values of the axial distance of the mechanism. Using that data it is
possible to enlarge the design and functional capabilities of the mechanisms and to create more simple transmission mechanisms with rotation
motion of the output link which enables to adjust the amplitude of the oscillations of the output link. Such mechanisms can be used in the drives of
the different vibrating machines and can be easily connected with the systems of automatic control

Keywords: double-cranked linkage. coupler curves, velocity oscillation, transmission angle, coefficient of the movement
irregularity, coefficient of the dynamism.

B cyuacHuii TexHini OTpHMald 3aCTOCYBaHHS MeXaHi3MH, SIKi 3a0€3MeUyloTh IPH CTAlIOMy 00epTOBOMY
pyci BXiZiHOT JTJaHKK HEpiBHOMIpHHUIT 00epTOBUil pyX BUXIAHOI JaHKHU. SIK MU BXXe BiJ3HAYaJIM B MONEPEAHIX podoTax
[1, 2], mo TakmX MeXaHi3MiB BITHOCATHCS 3yOUacTi MEXaHI3MH 3 HEKPYTTIMMH KoliecaM [4], sKi MaroTh y CBOEMY
CKJaJi BUIIy KiHEMAaTH4HY Tapy, Ta BaKUIbHI MEXaHI3MH: IBOKPUBOIIMITHUN KyJNICHHHA Ta JBOKPHBOIIMITHHUHA
NIAPHIPHUA YOTUPWIAHKOBUN MEXaHi3MH. AHAli3 Ta CHHTE3 JBOKPUBOIIUITHAX YOTHPHIAHKOBUX BaXKIIBHUX
MEXaHi3MiB 3a 3aJaHUM Koe(]illieHTOM HEPIBHOMIPHOCTI PyXy BHXIJHOI JaHKH a00 Koedili€eHTOM JWHAMIYHOCTI
HaBEICHO Yy BKAa3aHUX poOOoTax.

Jami po3riasHeMo aHaii3 Ta CHHTE3 ABOKPHBOLIMITHUX BaXXKUTFPHHX MeXaHi3MiB (puc.l, a), omepkaHux 3
BHUKODHCTaHHSIM IIaTyHHUX KpHUBUX 0a3oBoro mexanizmy. s mpukiagy 3a 0a3oBuii MexaHi3M HpHIMEMO
KpUBOIIHUITHO-TTOB3YHHUH MexaHi3M (nanku 0, 1, 2, 3), mo axoro y Touni C npuenHaeMo CTpyKTypHy rpymy Il kmacy
III Buny (avkm 4 i 5), mpugomy HeHTp 0OepTaHHS JIAHKK 5 PO3MICTHMO B CEPEHHI MATYHHOI KPUBOI, SIKY OIHCY€E
touka C. Y TakoMy BUNAJKy JIaHKa 5 Takox Oyny 3IiliCHIOBATH 00epTOBHUil pyX 31 3MIHHOIO KYTOBOIO IIBHJIKICTIO.
Minstoun mosiokeHHs: Touku C Ha miatyHi 2 a0o 1eHTpa oOepTaHHs JIAHKM 5 B CepelyHi IIaTyHHOI KPHUBOI,
3MIHFOEMO aMILTITYly KOJMBAaHHS KYTOBOI IMBUAKOCTI Ii€i JIAHKH.

P>

a 0
Puc.1. IBokpuBOIMIMIHMIT IIAPHIPHUIT YOTHPUIIAHKOBUIT MexaHi3Mu: a) @ = const; 6) a # const

Ha pucynky 1, 6 300pakeHO KiHEMaTHYHY CXEMY JIBOKPHBOIIMIITHOTO MIECTHJIAHKOBOTO BaXKLIBHOTO

MEXaHi3My 3 PerylbOBAHOI MikKOCHOBOIW BincTaHHiO a=OD =./x; +y;. B mpomy Mexanizsmi Kymica 35

BCTaHOBJICHA Ha PYXOMill omopi 6 i crae IpyrdM KPUBOLIMIIOM, HOJIOKEHHS SKOI PEryJIIOETHCS TBHHTOM 7, IO
JTO3BOJISIE 3MIHIOBAaTH MiXKOCHOBY BinCTaHb a. Ilpu piBHOMipHOMY 0oOepTaHHI KpuBomHMMa / JIaHKa 5 00epTaeThCs
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HEpPiBHOMIpHO. XapaKTepuCTHKAMH TaKOTO PyXy € KoedillieHTH HepiBHOMIpHOCTI pyXy O Ta AMHAMid4HOCTI €, sKi

3HAXOIAThCA 3a Bizomumu opmynamu [1 — 6]:

O — Dspe €
— -~ Smax Smin — “Smax
Gt min, g, =, (1)
mC O)C
ae W, s Os, o — BIMOBIIHO MaKCUMAJbHA I MiHIMaIbHA KyTOBA IIBUAKICT JAHKH J;

(’Oc — 11 C€PEAHA KyTOBa NIBUAKICTh, Y HAIOMY BUIIAJIKY (’Oc = (Dl 5

€5,ux — MAKCHMAJIbHE KyTOBE NPUCKOPEHHS JIAHKH J.

JUis BU3HAUCHHS OCHOBHHMX KIHEMATHYHHX ITapaMETPiB MEXaHi3My BUKOPHUCTAEMO METOJ 3aMKHCHHX
BEKTOPHUX KOHTYpIB [4, 5]. Lleil MexaHi3M MOXKHA 300pa3uTH y BUIVSII ABOX 3aMKHEHHMX BEKTOPHUX KOHTYpiB OAB
(puc. 1), st IKMX MaEMO TaKi BEKTOPHI PiBHSHHSL:

7l =X, +7,, 2)
FHle =X+, +1, 3)
Jc I”ZIOA, l:lAB, lj:lCD..
CrnpoekTyeMo 1i BEKTOpHI KOHTYpH Ha KOOPJIMHATHI OCi X 1 y Ta 3alMIIEMO PiBHSIHHS NPOEKIIH HAa HUX:
r cos®; + I cosp, = xp, r sin@, + [ sing, = yg; 4
7 cosQ; + lyc cosQ, =xp + 5 COSQs, 7 sinQy + Ly sing, = yp + Is sings, 5)
ne (0 — y3arajgbHEHa KOOpAuHATa (KyT MOBOPOTY KpuBommmuma O4).

3HauCHHS KYTIB (P, 1 (05 MOKHA OJICP>KATH BiAMOBINHO i3 piBHSHE (4) 1 (5):

Yp s ing, +1,.sing, -
0, = arcsulw; ¢ =arctg rsme, +/,.smo, -y, ' ©
rcos@, +1,. cos@, —x,

Hudepenmitoroun piBHAHHSA (6) 3a y3aradbHEHOI KOOPIMHATOIO MEXaHIi3My (0, ONEP)KHMO 3alIeXHOCTI
JUISL BUSHAYEHHS! aHAJIOTIB KYTOBHX LIBHJAKOCTEH watyHa 2 @) =d¢, /d¢, Ta nanku 5 @F =dQ, / d, . TloBropHO
IndepeHIiooun piBHIHAA (6) 3a y3araabHEHOIO KOODAMHATOI MEXaHi3My (0, OIECPKHMO 3aleKHOCTI IS
BU3HAYCHHS  QHAJIOTIB  KYTOBHX IIPHUCKOPEHb  BIANOBIAHMX  JIAHOK: @) =d@) / do, =do’, / d’e, Ta

" __ ' _ 2 2

s —d(Ps/d(Pl =do 5/d P -

3HarOYU aHAJOTH MIBUAKOCTEH 1 MPUCKOPEHb, 3HAXOUMO iHCHI (i3udHi BenuduHU 3a Gopmynamu [4, 5]
(o, = const):

! ! o 2 o2
W, =@, O5 =Qs0;, & =P, &5 = P50y, ®)

ae , — KyTOBa IBUJIKICTh BiNOBIAHOT JaHKH (i=2 abo 5);

€, — IX KyTOBi IPUCKOPEHHS.

IIpu o, =1 mBHAKOCTI Ta IPHCKOPEHHS YUCENBHO NOPIBHIOIOTH BIINOBIAHUM aHATIOTaM.

Ha ocHOBI BkazaHOro ajroputMy OyJiO0 CKIIaJIeHO KOMIT'IOTepHYy mnporpamy B cuctemi Mathcad [6], sika
JIO3BOJIMJIA BUKOHATH AQHAJTITUYHE JOCIHIPKCHHsS KiHEMATHKH I[MX MEXaHi3MIiB i BCTAHOBHUTH BIUIUB IOJIOKECHHS
LeHTpa O0epTaHHS JTaHKKM 5 HA XapakTep 3MiHU OCHOBHHX KiHEMATHYHHX MApaMETPiB PyXy BHXIJHOI JIAHKH,
30KpeMa Ha BeTHUYUHY 11 Koe(illieHTiB HEpiBHOMIPHOCTI pyXy Ta TUHAMIYHOCTI.

Ha pucynkax 2 — 4 HaBeJeHI OCHOBHI KIHEMATHUHI JiarpamMu JIAaHKH 5 3aJIeXKHO BiJj MDKOCBOBOI BiJICTaHI

Xp (x Pmin < Xp < Xp max) . AHaJIOTI4HI JiarpaMy MOXKHa OJIepKaTH 3MIHOIO TIOJIOKEHHS IIeHTpa 00epTaHHs JIAaHKU

5 B3JIOBX OCi OpAMHAT YU BiTHOCHO OYIb-AKO1 1HIIOT IPSIMOT.
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Puc. 2. liarpamu KyToBHX nepeMilieHb Puc. 3. liarpamu aHaJIoriB KyTOBUX Puc. 4. liarpamu aHaJIOTiB KYTOBUX
JIAHKH S IWBHIKOCTe JJaHKH 5 NPHCKOPEHb JAaHKH 5
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Puc. 5. liarpamu 3minn koediuieHTiB HepiBHOMipHOCTI pyXy o Puc. 6. I30ainii koedinienTiB HepiBHOMipHOCTI pyXy 0

Ta JMHAMIYHOCTL €,

Ha pucynky 5 HaBejeHO Jiarpamu 3MiHH KoedilieHTiB HepiBHOMIPHOCTI pyXy O Ta AMHAMIYHOCTI &,
3al1eKHO Bill MiKOChOBOI Bincrami X, (X, <X, <X, . ). 3a I0NOMOrOK LMX AiarpaM, 3Ha[O4M MOTPiOHI
3HaueHHs 000 &,, MOXKHA 3HAWTH BiAMOBIMHMIA Niala3oH PEry/IIOBAaHHSI MONOKEHHs LEHTPa 0O0epTaHHs JIaHKU 5
ab0 HaBIIAKH, 3HAKOYHM MOJIOYKEHHS EHTPa 00EPTaHHsA JaHKU 5, MOXKHA 3HAMTH BiJMOBiAHE 3HAYEHHS O YU g, .

Ha pucynky 6 HaBeseHO reomeTpuyHi Micus (i30I1iHIT) OZHAKOBHX KOe(Iili€HTIB HEPIBHOMIPHOCTI PyXy
BHXIJJHOT JIAaHKHU 5 3aJIe’KHO BiJI IMTOJIOXKEHHS LIEHTpa 11 00epTaHHs B MeKax IaTyHHOI KPUBOi. 3MIHIOIOUH TTOJIOKEHHS
touku C Ha BiAMOBIIHUX JIHISX, 3MIHIOEMO 3aKOH PyXy BUXIJHOI JJAHKH TIPY OJAHOMY i TOMY K 3HaueHHi O .

BucHosku

Ha ocHoBi BkazaHoro B po06oTi anroputmy OyJo CKJIaJIeHO KOMII' I0OTepHY nporpamy B cucteMi Mathcad,
sIKa JI03BOJIMJIA BUKOHATH aHATITHYHE JTOCITIPKEHHSI KIHEMAaTHKH ABOKPUBOIINITHOTO IIECTHJIAHKOBOTO MEXaHI3MYy 1
BCTaHOBHTH BIUIMB BEJIMYMHN MIXXOCHOBOI Bi/ICTaHI Ha XapakTep 3MiHM OCHOBHHX MapaMeTpiB pyXy BHUXIIHOI JIAHKH,
30KpeMa Ha BEIMYMHY KOe(iIlieHTiB HEpPIBHOMIpPHOCTI pyxy Ta auHaMidHOCTi. [loOymoBaHo miarpamu 3miHH X
BEJIMYMH, 32 TOIOMOTOIO SIKUX, 3HAIOYH MOTPiOHI TX 3HAYSHHS, MOKHA 3HANTH BIAMOBIHUIN Jiana30H perytoBaHHsI
MIDXKOCBOBOI BijficTaHi a00, HaBIIaKW, 3HAIOYM BEIMYMHY MIKOCHOBOI BiJICTaHI, MOKHA 3HAWTH BiATIOBiAHI 3HAYECHHS
Koe(ilLlieHTIB HEPIBHOMIPHOCTI pyXy Ta AMHAMIYHOCTi. BUKOpHCTaHHsS HaBelEHHMX JQHUX JI03BOJISIE PO3LIMPHTH
KOHCTPYKTHBHI Ta (YHKI[IOHaJbHI MOMIIMBOCTI BKa3aHMX MEXaHI3MIB 1 CTBOPHTH IPOCTI 33 KOHCTPYKII€IO
nepesiaToyHi MeXaHi3MH 00epTOBOTO PYXy, fAKi 3a0€3MEUyIOTh PEryJIIOBAaHHS aAMIUITYJd KOJMBAHHS BHXIITHOT
naHku. Taki MexaHI3MH MOXXHa BHKOPHMCTOBYBATH B IPHBOJIAX Pi3HMX BiOpauiiHMX MalIiuH, BOHM MOXYTb OyTH
JIETKO TIOB’sI3aHi 3 CHCTEMaMHt aBTOMaTHYHOI'O KepyBaHHS MallHH.
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