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AHAJIITUYHE JOCJIKEHHA KIHEMATUKU MEXAHI3MIB III KJIACY 3
BUKOPUCTAHHSAM CUCTEMU MATHCAD

B cmammi po3esasitHymo NUMAHHA AHAAIMUYHO20 O00CAIOXMCeHHS KiHemamuku mMexaHizmie Il kaacy 3
sukopucmaHHam cucmemu Mathcad. IlokasaHo ocobaueocmi makozo docaidxceHHs, HasedeHO npukaad CKAAOAHHS
cucmemu HeAiHIliHUX piHsAHb 0151 WeCMU/IAHK08020 WAPHIPHO20 MEXAHI3MY, NPO2paMy iX po36’s13aHHs, diazpamu Kymoeux
nepemiujeHb, aHan02ie weudkocmeti ma npuUCKOpeHb.

Karuosi caosa: wapHipHull wecmusnaHkosull mexanizm 1l kaacy, cucmema HeAIHIlIHUX piBHAHb, Kymosi
nepemiujeHHs, WBUOKOCMI, NPUCKOPEHH ma iX aHa/102u.

YA.T. KINYCKYI, M.V. MARCHENKO, V.0. KHARZHEVSKYI
Khmelnytskyi National University

ANALYTICAL CALCULATION OF KINEMATIC PARAMETERS
OF LINKAGE MECHANISMS OF 3-Rd-CLASS USING MATHCAD

In the article the problem of analytical research of the kinematic parameters of linkage mechanisms of 3 class using Mathcad is
considered. The peculiarities of such research are shown, the example of making up of the system of nonlinear equations for the six-link
linkage mechanism, the program for the solving, diagrams of the angular displacement, analogs of velocities and acceleration are shown.
The usage in calculation of the initial values of the positions of links enabled to unambiguously find the positions of links in all positions of
the crank. For the determination of the analogs of velocities and acceleration, having a goal to avoid the analysis of the assembly type of
mechanism or determination of their initial values, the numerical differentiation of the displacements of correspondent links was used.

Key words: six-link linkage mechanism, system of nonlinear equations, angular displacements, velocities, accelerations and their
analogs.

VYV Ham 4Yac po3BUTOK OOYHMCIIOBATBHOI TEXHIKM Ha0yB JABUHOMOIIOHOTO XapakTepy, OJCpiKald IIHUPOKE
3aCTOCYBaHHS Taki IOTY)XKHI TNaKeTH MAaTeMaTHYHOTO MOJENIOBAHHS, SKI HE BUMAaraloTh CIELiaJbHUX 3HaHb B
nporpamyBanHi — ne Maple, MATLAB, Mathcad, SolidWorks Tomo [2]. Ilosmermryroun po3B’s3aHHS CKJIaJHHX
MaTeMaTHYHHX 3a/1a4, TaKi CHCTEMH J03BOJISIOTh 3HAYHO MiIBUIIMTH e(peKTUBHICTD Mpalli pi3HUX cremiaiicTiB. ['paMoTHe
X BUKOPHUCTAaHHS y HABYAJIBHOMY TPOILEC TO3BOJISE MiIBUIUTH PiBEHb MATEMATHYHOT Ta TEXHIYHOT OCBITH.

Jana po0oTa mpHCBsiYCHA BUKOPUCTAHHIO OJNHIET 13 HaiOULIbII po3moBciokeHnx cucteM — Mathcad — ms
PO3B’sI3yBaHHA JOCHTh CKJIAJHOI 3aaa4i Teopii mexaHi3MmiB i MamuH (TMM) — aHaniTH4HE AOCHIIKEHHS KiHEMAaTHUKU
mexanisMmiB III kmacy [1, 4]. ITaker Mathcad [3] € edexkTHBHUM 3ac000M JUIsl aHATITHYHUX MEPETBOPEHB 1 YHUCEIBHHUX
PO3B’SI3KIB PI3HOMAHITHUX iHXEHEPHUX Ta (i3UUHMX 3a1ad. Mexi HOro BUKOPUCTAHHS PO3IOBCIO/DKYIOTHCS BiJl IPOCTHX
OOYHCIICHb /10 MPOBEICHHS PO3PaxyHKIB U PO3B’SI3aHHS CKIAMHHUX 3a4ad y pI3HUX Taly3sx 3HaHb. 30Kpema, 3a
noromororo Mathcad MoxHa ycnimHo po3B’si3yBatu pisHi 3aga4i TMM. Tlaker Mae Haa3BU4aliHO 3pYYHUN MaTEMaTH4HO-
opieHToBaHuil iHTepdeiic i mpekpacHi 3acobu i Bizyauizaiii rpadiunoi inpopmanii. HasBricTs iHTerpaiii Mathcad 3
TaKUMU MOTY>KHUMH CHUCTEMaMM aBToMaTu3auii pos3paxyHkis, ik PTC Creo (Pro/E), Excel Tta SolidWorks pobuts #oro
HE3aMIHHUM IHCTPYMEHTOM Yy pyKax He TUIbKH CTYICHTIB, ajie¢ W IH)XKEHEpiB, sSKi 3aiiMaloThCsl PO3POOKOI0 CKJIaTHHX
cucteM. LmocTpalii€lo MUPOKOro BUKOPUCTaHHS MporpaMHoro npoaykry Mathcad mis po3s’si3yBaHHA 3a/lad MEXaHIKH i
TMM Moske CITY’KUTH BEJIMKa KUIbKIiCTh myOmikamii [2, 3, 5-9 Ta in.].

MexaHi3mMH, Ki1ac SKUX BHILUH Jpyroro, Ha3WBalOTh MeXaHi3MaMM BHCOKMX KiaciB. [l KiHEMaTHYHOTO
JOCII/DKeHHSI TAKUX MEXaHi3MIB MOJKHAa BHKOPHCTATH METOJ 3aMKHEHHUX BEKTOPHHX KOHTYDIB. Y 3arajJbHOMY BHIAIKY
3a7a4a yCKJIAJHIOEThCS TUM, IO TakKi MEXaHi3MU MalOTh Pi3HI CKIAAaHHA 1 3a/aua 3BOAUTHCS A0 PO3B’SI3aHHS CUCTEMHU
HENHIHHUX PIBHSAHB, & 116 BUMAarae po3poOKH OKpEeMOi MpOrpaMu Ui KOXKHOTO CKJIaJaHHs MexaHi3my. B miii po6ori
PO3TIITHEMO METOMUKY JOCIIKCHHs KiHEMATHKH TaKUX MEXaHI3MiB, 3a[[aBIIKCh MOYATKOBUMH 3HAUYCHHSAMH TOJOXKEHb
JaHOK Ha mpukiaai Mexanizmy 11 kiacy, kiHemaTHYHa cxeMa SIKoro 300paxeHa Ha puc. 1. Jlo ckimagy MexaHi3My BXOJIUTH
kpuBorun OA i crosik 0, siki yTBOPIOIOTH MexaHi3M | kiacy, ta onna rpyna III knacy 111 mopsaky.

Jns BU3HAYCHHS KiHEMATHYHUX MapaMeTpiB pyXy JaHOK MEXaHi3My CKIagaeMoO ABa PIBHAHHS 3aMKHYTOCTI
BEKTOPHUX KOHTYpiB — OADFB i BFEC:

h+L=a+L+; L+ =a,+1, (1)
SIK1 y TIPOEKI[isIX Ha KOOPAWHATHI OCI X 1 ) MAlOTh BUTJISI:
l,cos@, +1,cos@, =a,cos@, +1,cos, +/,cos,;
[ sing, +1,sing, =a,sing, +/,sin@, +/; sin@,; ®
l;cos @, + 1, cosQs = a, cos@. +;cos,;
Ly sin@, + [, sings = a, sin@. +/; sin ..
SIk BHIHO, 3aJIeXXHOCTI (2) € CHCTEMONO HENiHIHHUX PiBHAHB, PO3IIIAAIOUN SIKi MOXKHA 3HAHUTH KyTH @, ,@;,

@, , ¢, . CydacHe mporpamHe 3abe3nedyeHHs J103BOJIA€ PO3B’A3yBaTH TaKi 3a7ai YUCENbHUM crocoboM. TyT ycKinaaHeHHs
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BUKJINKA€ TUIBKM BU3HAUCHHS IOYAaTKOBUX IIOJIOKCHb JIAHOK MEXaHi3My, TOMY IO TAaKMi MeEXaHi3M Mae JIeKiTbka
BapiaHTIB ckianaHHs. [IouaTKOBI MOJIOKEHHS JIAHOK MEXaHI3My MOHa 3HaWTH rpadiuHum crocobom [1]. B mporpami
Mathcad ns 3agaga Moxe OyTH po3B’s3aHa 3a JOIOMOIOI ONOKY po3B’sa3yBaHHs piBHAHb Given-Find. Jlani HaBeneHo
MPUKJIaJ TaKOl IPOrpaMH.

oa+Ps +y-—m

Puc. 1. KinemaTuyHa cxemMa 1MIeCTHJIAHKOBOro mapHipHoro mexanizmy III kiacy

IMponndepennitopasiy piBHAHHS (2) 3a y3aralbHEHOI KOOPJAMHATOIO (), Ta PO3B’SA3aBIIN OJIEPXKAHy CHCTEMY
NiHIHHUX DPiBHSHB, OTPUMAEMO AHAIOTH KYTOBHX LIBUIAKOCTEH @), @, ¢y, Q5 1 KyTOBHX NMPHUCKOPEHb @), P, P}, Q5.

IIpore i B pOMY BHINAJAKY PO3B’S3aHHS 3a/1a4 YCKIJIATHIOETHCS BHOOPOM ITOYATKOBHX 3HAUEHb BiIIOBIIHUX aHAJOTIB.
o0 yHUKHYTH ILi€i TPyAOMICTKOI MpOIEIYypH BHUKOPHCTAEMO, SIK L€ IMOKAa3aHO B HaBEACHIM mNporpami, 4ucelbHE
JU(EepeHIIFOBaHHS KYTOBUX MEPEMIllieHb JTaHOK.

3HAI0UU AQHAJIOIM MIBUAKOCTEH 1 HMPUCKOPEHb, 3HAXOAMMO AidCHI ¢i3uuHi BenuuuHHU 3a ¢dopmynaamu [1,4]

(o, =const): ®, =Q|®,, & =@/®;,1¢ ©— KyToBa WBUIKICTb BiAMOBiNHOI maHkk (i=2-5); €— iX KyTOBi
. PR 2 2
npuckopenHs; @) =d@,/d@, — ananor kytopoi wBHaKocTi i-i nanku; @) =d¢)/d ¢, =d o, / d @°,— aHaIor KyTOBOIO

IIPUCKOPEHHI BilOBIAHOI JIAHKH.

[Ilporpama B cmcTeMi Mathcad
AHaJI1 THMUHEe QOCJiIXeHHS KiHeMaTUKM WeCTUJIaHKOBOTO MexaHlismy III kJjacy

BuxigHi gaHi

=003 1ly=016 ly:=0.057 l:=01 ls:=0.075 lg) = 0.087 ls,:= 0.085

ap:= 0147 a5:=0115 ¢5:=0 Ppp = 348deg P = 353deg N = 360
2 2 2
I5 +l5p —ls5p A 2m
Y = acos Pp=—
2'15'151 N

[NoYyaTKoRi NOMNOXEHHS NaHoK

PN = P Py == 42deg Py = 85deg @ gy = 105deg Py = 18deg
BuvaHaueHHa NonoxeHHA NaHok

Given

Iy-cos(@7) + Ip-cos( @) — ag-cos(@p) ~ I3-cos(@3) ~ Is-cos(e5 + v) =0
11-sm(cp1) + 13-sm((p2) - al-sin((pB) - 13-31'11((1)3) - 15-sin(cp5 + 7) =0
Ly cos(03) + 15y cos{) - aycos(wc) — Lyeos(9g) = 0

13-sin((p3) + 151-si11((p5) - az-sin((pc) - 14-Siﬂ((P4) =0
FL(¢11(p21(P31(P41(P5) = Fmd((pz,(p31(p41<P5)
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(Pgo
FL(‘P1N= P2aN- P3N PN (PSN)O
3 (1N P2N- P3N PoN ©
o SN P3N PaN- PsN) 1
91, = OIN o _ L(@1N-P2N: P3N P4N- P5N)
Py FL(‘P1N= PN P3N PAN: (PSN)Z
s FL(‘I’1N= P2aN- P3N PUN> (PSN)3
0
¥, Fi[Qr.®y B3 .Gy @5 ]o
1 1 - i-1
P3. Fi{®1.-02. -®3. . ®q. .95, )1
. 1 1 - -1
1=1.N (Pl = (plN"r A(pll =
1 @y FL((PLJP? »®3. . Pq. P55, )2
i 1 i1 -1
F , . ) .
?s; J‘((pli P2 P3P (P5i-1]3
BusHaueHHs aHanorie KyTOBKX LUBUAKOCTENW NaHOK
@y = |for kel. len q):;_)—l @3:= |for kel.len (p3)—1
N- - N- -
Result, « ((ng (ng_l) Result, « (q)gk (pSk_l)
eslu _— esn _—
' an C 2n
Resulto «— Ii‘.esultN Resulto — F‘.esultN
Result Result
@y = |for kel. len (p4)—1 @5:= |for kel. len q)s)—l
N- - N- _
((p4k (P4k—1) (%k (pjk—l)
Resultk - — R.esultk - —
2n in
Result0 «— ResultN Resulto — ResultN
Result Result
BusHauyeHHs aHanoriB KYyTOBUX NPUCKOPEHbE NAaHOK
@'y = | for ke 1. len q)g) -1 @'3:= | for kel. len (p3) -1
N- - N -
(%k q)'?'k—l) (%k qj3k—1)
Resultk — Resultk «—
2n 2n
Resulto — ResultN Result0 — ResultN
Result Result
@'y = |for kel. len (p4) -1 @'s= | for ke l. len (PS) -1 ij ((p/_..-—q.‘_\\
N-((p'4 - ¥y ) N‘(‘D’s - ¢s ) 2 k1 panl
ko kel ko kel 1
Resultk R S — Resultk &~ - -
2n n 14
Resulto — R.esultN R.esult0 «— R.esultN ;;
1 K
Result Result g: 2 ~ P, )
0.8 2.7 o 0.1 ¥ \\..___— '/
0.7 4 2.4 A TN 0.4 —
: 7 < N 0 60 120 180 240 300 360
0.6 N =z 21 N
AN / P AN
0.5 7 1.8 w4 N 0.3 7
> e A
0.4 1.5 06..-1 RN 7
0.3 12 0,
02 . 0.9 !/\ . 0.15
2 AT S ' ) N AN [ AX]
[/ AR %! o0 9] o N/ TSNV
0 - 5 X 0.3 A 0 \ 7 7
-0l -~ AN . /1\ N / -0.05 3_/(({,, Ner
-0.2 = N 0.3 [f PN Ny 015 [
0 60 120 180 240 300 360 0 60 120 180 240 300 360 s
(1] 60 120 180 240 300 360

Puc. 2. liarpamMu KyTOBHX nepeMilieHb, AaHAJIOTIB HIBH/IKOCTeli Ta MPUCKOPeHb JIAHOK MeXaHi3My
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BucHoBok. Ha 0CHOB1 ME€TOAUKY, PO3IIIIHYTOI B poOOTi, OyJI0 CKIaJEHO aITrOPUTM 1 KOMIT'IOTEPHY IIporpamy B
cucremi Mathcad, sixka 103B0OJIMIIa BUKOHATH aHAIITHYHE JOCIIHKCHHS KIHEMaTHKH HIeCTHIaHKoBoro mexaHismy I1I kiacy,
noOyAyBaTH JiarpaMy KyTOBHX I€peMillleHb, aHAJOIiB HIBUAKOCTEH Ta IPHCKOPEHb BCiX Horo maHok (puc. 2).
BuxopucTaHHs IIpH MPOBEAEHH] PO3PAaXyHKIB MOYAaTKOBUX 3HAYEHD MOJTOXKEHD JIAHOK MEXaHi3My J03BOJIMIIO OJHO3HAYHO
3HAHUTH IX B yCiX MOJI0XKEHHAX KpUBOLIMMA. JIJIs 3HAXOMXKEHHS aHAJIOIIB MIBUAKOCTEH 1 IPUCKOPEHb, 3 METOK YHUKHEHHS
aHamisy BHAY CKJIQJaHHA MeXaHi3My, a00 BHM3HAa4YeHHA IX [OYATKOBUX 3HAY€Hb, BHKOPHCTAHO YHCETbHE
JuepeHLiI0BaHHS NIEPEMIlIEHb BiINOBIJHUX JIAHOK.
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YIK 677.017
M.I. KOJIMCKO, B.1O. IIIEPBAHb

KuiBchkuil HallioHABHUN YHIBEPCHTET TEXHOJIOTIH Ta AU3aiHy

BU3HAUEHHS BILIMBY 3SMUHAHHS TA )KOPCTKOCTI HA 3TMH HA HATSAT HUTKHA
IPH i B3AEMOJIII 3 TUJITHAPUYHOIO HAITPSIMHOIO

Teopemuuni docaidxceHHs1 npoyecy 83a€mMoO0ii HUMOK 3 YUAIHOPUYHUMU HUMKOHANPSIMHUMU 3 YPAXy8AHHSM
3MUHAHHS, JCOPCMKOCMI HA 32UH Ma HeAiHIlHOT 3aaexcHocmi cuau ma koeghiyienmy mepmsi cmasasims neped co6or memy
BU3HAYEHHsI HaMsizy HUMOK 8 008i/bHIll mouyi, Wo 003801uMb yOOCKOHAAUMU npoyec ix nepepobKU HA MexHON02IYHOMY
YCmMamkyeaHHL.

Karuosi caoea: Humka, HanpsiMHa No8epxHs, padiyc KpusuHu, Hamse.

M.I. KOLISKO, V.YJ. SHERBAN
Kyiv National University of Technologies and Design, Kyiv, Ukraine

DETERMINATION OF INFLUENCE OF BENDING AND INFLEXIBILITY ON BEND ON TENSION OF
FILAMENT AT ITS COOPERATING WITH CYLINDER SENDING

Abstract - Theoretical researches of process of cooperation of filaments with cylinder sending filaments taking into account
crumpling, inflexibility on a bend and nonlinear dependence of force and it is put the coefficient of friction before itself sweep determination
of pulls of filaments .

On the basis of integration of the system of differential equalizations dependences of pulls of filament are got, taking into account
crumpling in the area of contact, inflexibility on a bend and nonlinear dependence of force and to the coefficient of friction, from the radius of
curvature of the cylinder sending, previous pulls and corner with which a filament engulfs sending.

Determination of pulls of filament at its cooperating with the cylinder sending taking into account nonlinear dependence of force
and to the coefficient of friction from the radius of curvature of the cylinder sending, previous pulls and corner with which a filament engulfs
sending will allow to perfect the process of its processing on the technological equipment of textile and knitting industry.

Keywords: filament, sending surface, radius of curvature, pull.
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