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AOCIIUKEHHA AKICHUX KIHEMATHYHHUX XAPAKTEPUCTHK BAXKIJIbHUX
MEXAHI3MIB I3 3YIIMHKOIO BUXIJTHOI JIAHKH, OJEP)KAHUX HA BA3I
NPSAMOJIHIAHO-HAIIPSIMHOI'O KPUBOIIUITHO-IIOB3YHHOI'O MEXAHI3MY

Cmamms npucesiueHa O0CAIOHCeHHAM  SKICHUX KIHeMAMUuYHUX XApaKmepucmuK 6axCiIbHUX MexaHi3mie i3
3YNUHKO0 8UXIOHOT IAHKU, 00epHcaHuXx HA 6a3i NPSAMOAIHITIHO-HANPSAMHO20 KPUBOWUNHO-N083YHHO20 MeXaHi3My. HasedeHa
Memoduka ma an2opumm po3paxyHkie iHeapiaHmie nepemiujeHs, wieudkocmeli, NPUCKOpeHb, KIHemu4HOi nomyxcHocmi ma
ix MmakcumanvHi 3HauyeHHs. L]i daHi 00380/510mMb 6GiAbW ONMUMAALHO BUGUPAMU KIHEMAMUYHY CXeMy MexaHi3my,
nopisHH0EamMu 3aKOHU pyXy 8UXIOHOI IAHKU OQHUX MEXAHI3MI8 i3 3aKOHAMU pyXy IHWUX MeXaHI3Mi8.

Karwuosi cnoea: npsimMOAiHIUHO-HANDSMHI ~ MEXAHI3MU, KPUBOWUNHO-NOB3YHHULl MexaHi3M, iHeapiaHmu
nepemiujeHb weudkocmetl, npuckopeHb ma KiHemu4Hoi nomyxcHocmi.
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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 monepennix Hammx pobotax [l, 2] HaBeIeHI METOIUKA aHANI3y Ta CHHTE3y BaXKUIBHHX MEXaHi3MIB i3
3YIUHKOIO BUXITHOI JIJAHKH, OJepKaHUX Ha 0a3l mpAMOIiHIITHO-HAIPSIMHOTO KPHUBOIIMITHO-ITOB3YHHOTO MEXaHi3MY,
a TaKOXX JOBIAKOBI KapTW Ta TaOMWIl, SKi JO3BOJIAIOTh BHU3HAYATH T€OMETPHUYHI MapaMeTpy ITUX MEXaHi3MiB 3a
3a[1aHOI0 TPUBANICTIO 3yNMUHKM BUXIOHOI JaHKH. OCKIIBKM BKa3aHa yMOBa MOXKE 3a0e3MedyBaTHCS Pi3HUMH
KiHEMaTHYHUMH CXEMaMH, TO JUIsl MOPIBHSHHS 3aKOHY PyXy BHUXIJHOI JIAHKM Ta BHOOPY ONTHUMAaJbHUX PO3MIpiB

JAHOK MEXaHi3My HEOOXiTHO BHW3HAYUTH iHBAPIaHTH IEPEeMIIIeHb a IIBUIKOCTI bk’ MIPUCKOPEHHS c Ta

KIHeTUYHOI (IUHAMIYHOT) TOTYXHOCTL dk Ta iX MakCHMaJbHI 3HAYCHHS B=|bkmax ,C =|ckmx|,D=|a’kmax 3a
Takumu popmynamu [1]:
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ae S, — MICPEMILIICHHS BUXIIHOI JaHKM B cHcTemi koopauHar X,O0Y, (moe3yna 5, puc. 1),

SC2 = yCZrnax _yCZmin —E|— 11 MaKCUMaJIbHHUM X1/, yCZmax’ yCZmin — BLIINOBIJIHO MaKCHMaJIbH1 Ta

MiHIMaITbHI KoopauHath Touku Cy, £ — BiIXWIICHHS MIATYHHOI KPUBOI HA JUISHIN HaOmmkeHHS K LK R BiJ TipsiMoi
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JiHii, ¢, — KyT BijlaneHHs (KyT IIOBOPOTY KPHBOLIMIA / 33 4ac BIIUIANCHHS NOB3yHA 5); @, — BIANOBIIHO KyT
HaOMKeHHs, E — BiIXWICHHS MIaTyHHOI KpuBOi Toukd C Ha AiISHIN HaOmmkeHHS K LK R BiJl IPSIMO1 JTiHii.
3HaueHHS MAKCUMAJIBHOTO MEePEMIIIeHHS SC JIAaHKHW 5 BU3HAYAIOTHCS HA CTalii cHHTe3y MexaHi3my. Jlis
BU3HAYCHHS MaKCHMAIbHUX 3Ha4CHb iHBapiaHTiB B, C, D MOXHa BUKOPHCTATH 3AICKHOCTI y -5 (), NMPUKIALH
SKMX HaBeJeHI Ha puc. 2. Jlus 1pOoro, mepur 3a Bce, HEOOXIJHO 3HAWTH 3HAYCHHS KYTiB BiIIaJCHHS ¢, Ta
HAOJMKCHHS. @, BUXIAHOI JaHKH 5, sKi BU3HAYAIOTBCS 1O PISHOMY, 3alI©XKHO Bijl XapakTepy MarpaMmu Y, ().
Buxingnumy napamerpamu U 3HAXO/DKCHHS KyTiB ¢, 1 ¢, MOXHA BHKOPUCTATH 3HAYCHHS KyTa LOBOPOTY
KpuBowMna /, siki BIANOBIIAIOTH IOYATKY HAOIMKCHHS WIATYHHOI KpuBOi Toukn C A0 mpsMoi JiHII @, o —
TPUBAIOCTI 3YNUHKW, @ . — KyT, IpH KoMy OYHKUIA y-,(¢;) NpuiiMae HaifiMEHIUE 3HAYCHHS, @ —
Halibinbe 3HaueHHs. Kytn ¢ i o Oynm Bu3HAaYeHI B NPOLECI CHHTE3y MEXaHi3MiB, Kyrn @ . 1 @ .
3HAXOLMMO IIPU aHaNi3i AiarpaM -, (@) (auB. puc. 2). Toxi, y nepuroMy BUManKy (puc. 2, a), pasosi kytu ¢, 1
¢, BU3HAYAEMO 32 hopMyIamu:
®, =0) ~Prpin> @, =21T-0-9,; 3)
y Ipyromy BUNAnKy (puc. 2, 0)
@, =Ppax ~ P9~ % @, =2T-0—Q; 4)
y TpeTbOMY BHIAIKY (puc. 2, B)
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Puc. 1. IlecTniaHKOBUIl Ba:KiJIbHMI NPAMOJIiHiliHO-HATPSAMHUI a
MeXaHi3M, AKHH 3a0e3nedye 3yNMHHKY BUXIIHOI JaHKH
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Puc. 2. IIpukiaaau aiarpaM nepemiiieHHs: HOB3yHA 5

Ha ocHOBI BKkazaHOro ajiroputmy OyJo CKIaJeHO KOMII'IOTepHY mporpamy B cuctemi Mathcad [6], sika
JI03BOJIMJIa BUKOHATH aHANITHYHE JOCHI/PKEHHS! KIHEMaTHKH LIUX MEXaHi3MiB Ta BU3HAYHUTH SIKICHI XapaKTEPUCTUKU
MmexaHizMiB ( B, C, D), giarpamu sSKuX HaBeAeHI Ha puc. 3—5, a B Tabimi 2 HaBEICHO MPUKIIA]] TOBIAKOBUX KapT, B

SAKUX BKa3aHI BCi TEOMETPHYHI Ta KiHEMATHYHI MapaMeTpH BKa3aHWX MeXaHi3MiB. J[1s MexaHi3MiB, B sKuX e=0
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BimoBiHI KOHCTaHTH B, C, D piBHI Mix c00010, TOOTO B,=B, =B, Cv = Cn =C, D,=D, =D.
Tabnus 1
I'eomeTpu4Hi mapamMeTpu MexaHi3MiB, iarpaMu siKMX MoKa3aHi Ha puc. 2
Hiarpamu ol T k v° (p°0 g° ¢’ min ¢’ max
Puc. 2,a 1,8 12,7157 150 167,31 0 201
Puc. 2,0 60 0,5 1,05 30,1836 330,0037 9,935 0 180
Puc. 2,B 1,0 58,87836 | 75,03589 180 100,6 270
Tabmums 2

Ipuxiax Ta6JMIi reOMeTPUYHUX Ta KIHeMaTHYHHMX NapaMeTPiB A0CTiIZKyBaHUX MeXaHI3MiB

(aa=30°,r=05,e=0)

k v ®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
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Puc. 3. IIpukiaaau giarpaM MakcMMaJIbHHX 3HA4YeHb iHBapiaHTiB WIBUAKOCTI noB3yHa 5 (r=0,5, e=0)
Buxopucranus iHBapiaHTIB ay, by, ¢, dy Ta iX koHcTaHT mikiB B =|b | . ,C =¢, | 0> D = d, |, H2€

MOYKITHBICTB TTOPIBHIOBATH MK COOOI0 3aKOHH PYXY Pi3HHUX MeXaHi3MiB [3 — 5], siki 3a0e3MeUyroTh HUKIIIYHAN PYX JIAHOK,
30KpemMa BaKUIbHHX [5]. Be3 Takux JaHux Ba)KKO FOBOPHTH PO BIACTUBOCTI THUX YH IHILIHMX 3aKOHIB y BENMYe3Hid ciM’1
PI3HOMaHITHUX 3aKOHIB PyXy BUXIITHOT JIAHKHM Ta 3[IMCHIOBATH ONTUMAIIbHUN CUHTE3 MeXaHi3MiB. L{e MosICHIOEThCs THM,
110 KOHCTAHTH MIKIB € 00’€KTUBHUMH KPUTEPISIMU SIKICHOT OL[HKH 3aKOHIB IMKIIYHOTO pyxy [2]. Tak, KOHCTaHTH mika
HIBUIKOCTI B 4acTo 0OMEXyIOTh NMPOAYKTHBHICTh MallMH Yepe3 OOMEXKEHHs MIBHUAKOCTI BUKOHAHHS TEXHOJOTIYHOTO
HpOIIeCy, BU3HAYAIOTh HAMOLIbIII 3Ha4YeHHS KiHeTWYHOi eHeprii 7, a NMpuW MajMX JMHAMIYHUX HaBaHTaKEHHSIX —
CyMapHy MOTYXHICTb N5 1 T. 1. KoHCTaHTH TiKa IPHUCKOPEHb BU3HAYAIOTH HAWOUIBII CHJIM iHepIil Fiy, Ta IX MOMEHTH, a
KOHCTAaHTH MKIB KIHETMYHOI NOTYXHOCTI D — MakCHMajbHI 3HAYCHHS BIIIOBIIHHMX CKIIAQJIOBHX PO3PaXyHKOBHX
JIMHAMIYHIX HABAaHTA)KCHB HA BC1 JIAHKH MTEPEIATOYHIUX MEXaHI3MIB.
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Puc. 4. Ilpukaaau giarpaM MakCMMAJIbHHX 3HAYeHb iHBapiaHTIB Puc. 5. IIpukiaaau giarpaMm MakCHMaJIbHUX 3HAYeHb iHBapiaHTIB
NpHCKOpeHb noB3yHa 5 (r=0,5, e=0) KiHeTHYHOI MOTYyKHOCTi moB3yHa 5 (r=0,5, e=0)
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