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AOCTHIZKEHHA SIKICHUX KIHEMATHYHHUX XAPAKTEPUCTHUK BAXKIJIbHUX
MEXAHI3MIB I3 3YIIHHKOIO BUXITHOI JIAHKH, OAEP’KAHUX HA BA3I
NPAMOJIIHINHO-HAIIPAMHOI'O KPUBOIIUITHO-IIOB3YHHOI'O MEXAHI3MY

Cmamms npucesaveHa 00CAIONCEHHAM  SIKICHUX KIHEMAMU4HUX XApAKmMepucCmuk 6adCiibHUX MeXaHi3mie i3
3YNUHKOI0 8UXIOHOT IGHKU, 00epixcaHux Ha 6a3i NPAMOAIHITIHO-HANPSAMHO20 KPUBOWUNHO-NOB3YHHO20 MeXaHi3My. HasedeHa
Memoduka ma an20pumm po3paxyHkis iHeapiaHmis nepemiujens, weudkocmell, NpUCKOpeHb, KIHemu4Hoi nomyxcHocmi ma
ix maxkcumanvHi 3HaveHHs. L]i dani do3eoas0mb 6inbW ONMUMAABLHO BUOUPAMU KIHEMAMUYHY CXeMy MexXaHiamy,
nopigHI8amMu 3aKOHU pYXy 8UXIOHOI IAHKU 0AHUX MEXAHI3MI8 i3 3aKOHAMU PyXYy [HWUX MeXaHi3Mmis.
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THE INVESTIGATION OF THE QUALITATIVE KINEMATIC CHARACTERISTICS
OF THE DWELL LINKAGE MECHANSMS WHICH ARE BASED ON THE STRAIGHT
-LINE PATH GENERATING SLIDER-CRANK MECHANISM

The article is dedicated to the investigation of the qualitative kinematic characteristics of dwell linkages that are based on the
straight-line path generating slider-crank mechanism. The method and algorithm of the calculation of invariants of displacements, velocities,
accelerations, kinetic power, and its maximum values are given. The peculiarity of the method of finding these invariants is the variety of
coupler curves of the mentioned mechanisms and their displacement diagrams of the output link. The usage of invariants of velocities,
accelerations, kinetic power and their peak constants (maximum values) allow to compare the laws of motion of various mechanisms that
have the cyclic movement of the links, in particular the linkage mechanisms. Without such information it is difficult to talk about the
properties of various motion laws in a large family of various laws of the movement of the output and to carry out the optimal synthesis of
mechanisms. It is due to the fact that the peak constants are impartial criteria for the qualitative evaluation of the laws of cyclic motion [2].
Thus, peak speed constants often limit the productivity of machines due to speed limitations of the technological process, determine the
largest values of kinetic energy, and at small dynamic loads - the total power, etc. Constants of the acceleration peak determine the largest
forces of inertia and their moments, and the constants of the peaks of the kinetic power - the maximum values of the corresponding
components of the calculated dynamic loads for all links of transmission mechanisms.

Keywords: straight-line mechanisms, slider-crank mechanism, invariants of displacement, velocities, accelerations and kinetic
power.

B nonepennix Hammx poborax [1, 2] HaBexeHI METOIMKa aHAi3y Ta CHHTE3y BaKUIBHHX MEXaHI3MIB i3
3YIHHKOIO BHUXIIHOT JaHKH, OJIcpKaHUX Ha 0a3i MPAMOJIHIHHO-HAMIPSIMHOTO KPHBOIIUITHO-IIOB3YHHOTO MEXaHI3MY,
a TaKOX JIOBINKOBI KapTH Ta TaOJMIll, SKi JO3BOJIIIOTH BU3HAYATH TCOMETPUYHI MapaMETPH LUX MEXaHI3MIB 3a
3aJIaHOI0 TPHUBATICTIO 3YNUHKH BUXiAHOT JaHkW. OCKUIBKM BKa3aHa yMOBa MOe 3a0e3ledyBaTHCS Pi3HHUMH
KIHEeMaTHIHUMH CXEMaMH, TO JUIs TTOPIBHSAHHS 3aKOHY PyXY BHXIIHOI JIaHKH Ta BHOOPY ONTHUMAJbHHX pPO3MipiB

JIAHOK MeXaHi3My HeOOXiTHO BHU3HAYUTH iHBapiaHTH TepeMilleHb ak, MIBUIKOCTI bk’ TIPUCKOPEHHS ck Ta
KiHETHYHOI (AMHAMIYHOT) HOTY)XHOCTI dk Ta IX MakcuMajbHI 3HaueHHs B =|bkmax ,C =|Ckmax|,D =|dkmX 3a
Takumu Gopmynamu [1]:
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ze S., ~ HepeMilleHHs BHUXIHOI JIAaHKK B CHCTEMi KOOPAWHAT X20Y2 (moB3yna 5, pwmc. 1),

Sco =1¥eomax ~ YC2min —E|f i MaKCHMAIbHMH Xil, Yopo0vs Yoo min~ BIATOBIIHO MakCHManbHi Ta

MiHiManbHI KoopauHatu Touku Cy, E — BIIXWICHHS MIATYHHOT KPUBOI HA JUISHIN HAOIMKCHHS KL KR BiJ] TIpsAAMOTL
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nminii, ¢, = KyT Bimmanenns (KyT nopopoTy kpusoumna 1 3a yac BipjanenHs noesyma 5); ¢, — BianosiaHo Kyt
HaOmKeHHs; E — BimxuiaeHHs maTyHHOI KpuBoi Touky C Ha JiSHIN HAOIKCHHS KL KR BiJl IPSIMOT JTiHi{.
3Ha4YCHHS MaKCHMAIIBHOIO [EPEMILlCHHs. S JIAHKM 5 BU3HAYAIOThCS HA CTAlil CHHTE3y MexaHismy. [l
BU3HAYCHHs MaKCHMAIbHIX 3Ha4cHb iHBapianTiB B, C, D MOXHa BUKOPHCTATH 3aJICKHOCTI Y 2((I)l), TIPHUKITA A
SKUX HaBeneHi Ha puc. 2. Jlmsg 1mporo, mepmr 3a Bce, HEOOXiJHO 3HAWTH 3HAYCHHS KYTIB BiIJalCHHS (I)v Ta
HAOJIMKCHHSI d)n BUXIJTHOT JIAHKHW 5, SKi BU3HAYAIOTHCS IO Pi3HOMY, 3aJIEKHO BiJ XapakTepy Aiarpamu yC2(¢1).
BuxilHumu napamerpamu JUls 3HaXO[KeHHA KyTiB ¢, i ¢, MOXKHA BMKOPHMCTATH 3HAYEHHS KyTa MOBOPOTY
KpuBommna 1, ski BiAMOBiAalOTH MOYATKy HAOIMKEHHs IIaTyHHOI KpuBoi Touku C 1o mpsiMoi JiHil ¢0, o-—

TPUBAIOCTI 3ynuHKH, ¢ KyT, npu sikoMmy (yHKis yC2(¢1) mpuiiMae HaliMEHIIE 3HAYEHHS, ¢max_

min
HaiiGinbwe 3Havenns. Kymn ¢, i O Oymn Bu3HaueHi B NpoLECi cuHTe3y MexaHismis, xkyrm ¢ . i ¢ .

3HAXOJMMO TIPH aHali3i Jiarpam yC2(¢1) (mmB. puc. 2). Toni, y nepmomy Bunazxy (puc. 2, a), pasosi kyru ¢, i

¢,, BH3HAUaemo 3a popmynamu:
¢n:¢0_¢min7 ¢V:2T[_a_¢n; (3)
y Apyromy Bumazaky (puc. 2, 6)
¢v:¢max_¢0_a’ ¢n:2n_u_¢v; (4)

y TpeTboMY BHUMAJKY (puc. 2, B)
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Puc. 1. IllecTunankoBuii BaKiIbHHIl NPSAMOTiHIHHO-HAIPAMHHI a
MexaHi3Mm, ikuii 3a0e3neyye 3yNMHKY BUXIIHOI JIaHKH
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Puc. 2. Ilpuxaaam aiarpam nepeminieHHsi NoB3yHa 5

Ha ocHoOBI BkazaHOTO ainroputMmy OyJIO CKJIaJIEeHO KOMIT IOTEpHY mporpamy B cuctemi Mathcad [6], sxa
JTO3BOJIAJIA BUKOHATH aHATITUYHE AOCITIDKEHHSI KIHEMAaTHKH IIMX MEXaHI3MIB Ta BUZHAYUTH SKiCHI XapaKTePUCTUKH
Mexani3miB ( B, C, D), miarpamu sIkux HaBeIeHi Ha puc. 3—5, a B TaOJIMIII 2 HABEACHO MPUKIIA]] JOBITKOBUX KapT, B

SKAX BKa3aHi BCl T€OMETPUYHI Ta KiHEMaTH4HI IapaMeTpy BKazaHMX MexaHi3MiB. /Uit MexaHi3miB, B skux e=0
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BignoBigHi koHcTauTH B, C, D piBHI Mixk c000t0, TOOTO Bv = Bn =B, CV = Cn =C, Dv = Dn =D.
Ta6mumg 1
I'eoMeTpu4YHi MapaMeTpH MeXaHi3MiB, JiarpamMu siKUX MoOKa3aHi Ha puc. 2
Hiarpamu a’ r k Y’ ¢00 & ¢Omin ¢omax
Puc. 2,a 1,8 12,7157 150 167,31 0 201
Puc. 2,6 60 0,5 1,05 30,1836 330,0037 9,935 0 180
Puc. 2,8 1,0 58,87836 | 75,03589 180 100,6 270
Tabmuws 2

Ipuxiax TadMIi reOMeTPUYHUX Ta KIHEeMaTHYHHUX apaMeTPiB A0CTiIZKyBAHUX MeXaHi3MiB

(0=30°,r=05,e=0)

k Y’ g 2E & S B C D
1,05 10,05544 165,0305 1E-05 169,53 0,181696 | 1,947 15,945 15,667
1,10 13,54722 165,0305 1E-05 164,93 0,2600709 | 1,947 11,146 10,951
1,11 14,06641 165,0293 2E-05 164,13 0,2734127 | 1,947 10,596 10,409
1,12 14,55264 165,0305 2E-05 163,37 0,2862468 | 1,947 10,126 9,949
1,19 17,08231 165,0305 2E-05 158,53 0,3660836 | 1,947 7,917 7,779
1,21 17,59823 165,0293 2E-05 157,26 0,386622 | 1,947 7,496 7,365
1,23 18,04666 165,0305 2E-05 156,02 0,4064405 | 1,947 7,130 7,005
1,26 18,60196 165,0293 2E-05 154,21 0,4350315 | 1,947 6,660 6,544
1,29 19,03609 165,0305 3E-05 152,45 0,4624844 | 1,947 6,265 6,155
1,30 19,15657 165,0305 3E-05 151,88 0,4714167 | 1,947 6,148 6,041
1,34 19,52942 165,0305 3E-05 149,59 0,5062063 | 1,947 5,725 5,625
1,35 19,59729 165,0305 3E-05 149,03 0,5146927 | 1,947 5,631 5,533
1,36 19,65552 165,0305 3E-05 148,46 0,5231037 | 1,947 5,540 5,443
1,37 19,7049 165,0305 3E-05 147,90 0,5314408 | 1,947 5,453 5,358
2,5 7
B
2 -
15 -
1 4
05 -
a
0
30° 40° 60° 70° 80° 90° 100° 110° 120° 130° 140° 150°
Puc. 3. IIpukaagu aiarpaMm MakcHMaIbLHUX 3HA4YeHb iHBapiaHTiB mBUAKOCTI moB3yHa S (r=0,5, e=0)
Bukopucranus iHBapiaHTiB 8, Dy, C, Ok Ta ix xomcrant mikis B=b, | .,C=c |,.,D=d, |, &£a€

MOXKJIMBICTb OPIBHIOBATH MK COOOIO 3aKOHH PYXY PI3HMX MeXaHi3MiB [3 — 5], siki 3a0e31e4ytoTh HIMKIIYHUN PyX JIaHOK,
30KpeMa BaibHUX [5]. be3 Takux gaHWX Ba)KKO TOBOPHTH IPO BIACTHUBOCTI TUX UM IHIIUX 3aKOHIB Y BEJMYE3HIH ciM’1
PI3HOMaHITHUX 3aKOHIB PyXy BHXIJHOI JJAHKH Ta 3JIHCHIOBATH ONTUMAIBHUN CHHTE3 MeXaHi3MiB. L{e TosICHIOETECS THM,
0 KOHCTAHTH MIKiB € 00’€KTHBHIMH KPHUTEPISMH SKICHOI OIIHKH 3aKOHIB IMKIYHOTO pyxy [2]. Tak, KOHCTaHTH TiKa
mBHAAKOCTI B "wacTo 0OMEXyIOTh MPOAYKTHUBHICT MAIIMH dYepe3 OOMEKCHHS IIBHUIKOCTI BUKOHAHHS TEXHOJIOTTIHOTO
TpoLiecy, BU3HAYAIOTh HAWOUIBIN 3HAYEHHS KIHeTWYHOI eHeprii T, a mpH MannxX AWHAMIYHAX HaBaHTAKCHHIX —
cymapHy noTyxHictb Ny i 1. 1. KoHCTaHTH IiKa NpHCKOpEeHb BU3HAYAIOTh HAWOUTBII i iHepuii Fy, Ta IX MoMmeHTH, a
KOHCTAHTH TIKIiB KIHETHYHOI MOTY)XHOCTI D — MakcuMaibHI 3HA4eHHS BiIIIOBITHMX CKIIQJIOBHX PO3PAaXyHKOBHX
JMHAMIYHIX HABaHTA)KCHD HA BC1 JIAHKH IIEPEIaTOYHNX MEXaHI3MIB.
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Puc. 4. Ilpuxjaamn giarpaMm MakcMMaJbHUX 3HaYeHb iHBapiaHTIB Puc. 5. Ipukaagym giarpam MakcMMaJbHUX 3HAYeHb iHBapiaHTIB
NpUCKOpeHb NoB3yHa 5 (r=0,5, e=0) KiHeTHYHOI NOTYKHOCTI nMoB3yHa S (r=0,5, e=0)
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