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PO3POBKA KOMIT'IOTEPHOI'O MOAYJIA JJISA KIHEMATUYHOI'O TA
JTAHAMIYHOI'O AHAJII3Y BAXKIJIBHUX MEXAHI3MIB MAIIWH JEI'KOI
IMPOMMUCJIOBOCTI ITIPOI'PAMM JJIAA OIHKH HAITPYKEHOCTI
TEXHOJIOI'TYHUX ITPOLECIB

Po3po6ka komn'tomepHo20 M00YAs 0451 KIHeMamu4Ho20 ma OUHAMIYHO20 AHAAI3Y 8ANCIAbHUX MeXAHI3MI8 MAWUH
/1e2Koi npomucao8ocmi d0380/15€ 8U3HAYamMu napamempu, Ki 6UKOpUCMO8yrMbCsl 8 NPo2pami 015 OYiHKU HanpyiceHocmi
MexHOo/102I4HUX Npoyecie J1e2koi ma mekcmuabHOi NpoMUCA080CMI NPU BUSHAYEHHI 3MIHU 8IOHOCHO20 HAMs2y HUMKU NO
30HAM 3anpasKu HA MexXHOA02IHHOMY 061A0HAHHI.

Karouosi caoea: komn’tomepHuli Modyav, KiHemamuvHull ma JuHAMIMHUT aHAAI3, MAWUHU 1€2KOT NPOMUCA080CMI,
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DEVELOPMENT OF A COMPUTER MODULE FOR KINEMATIC AND DYNAMIC ANALYSIS OF IMPORTANT
MECHANISMS OF LIGHT INDUSTRIAL MACHINES, PROGRAMS FOR ASSESSING THE TENSION OF
TECHNOLOGICAL PROCESSES

The development of a computer module for kinematic and dynamic analysis of the lever mechanisms of light industry machines
allows determining the parameters that are used in the program to assess the intensity of technological processes of the light and textile
industry when determining the change in the relative tension of the thread in the filling zones of the technological equipment. Kinematic and
dynamic analysis of flat mechanisms plays a significant role in the design of new mechanisms and modernization of existing ones. The results
obtained during these studies can be used to calculate the strength of individual links, their inertial characteristics, optimization of
structural parameters of mechanisms, and minimization of consumed energy.

A sharp increase in tension leads to a violation of the normal course of the technological process of thread processing. The
imperfection of the structural elements of the feed system, thread tensioning devices and thread guides on knitting, textile and sewing
machines will not allow thread processing with a sudden increase in input tension. The development of new schemes of the thread feeding
system requires an operational assessment of the value of the tension in front of the working zone. To do this, it is effective to use specially
developed programs for performing a computational experiment. The tension of the thread increases when moving through the refueling
zones of the thread feeding system on the technological equipment. This increase is due to the interaction of the thread with the guides and
tension devices. The maximum tension value will be in front of the working area. The development of special computer programs for
determining the tension in the working area allows you to determine the necessary technological parameters, make adjustments to both the
structure itself and the components of the thread feeding system to obtain the minimum necessary tension in the working area.

The objective function in the problem is the minimum necessary tension, which is the minimum sum of the angles covered by the
thread of guide surfaces that have a cylindrical, elliptical shape, discrete segments of a straight line. The use of a computer program allows
you to determine tensions and changes in relative tension in the filling zones of light and textile industry machines, which allows you to
optimize the shape of the thread supply line even at the stage of designing the technological process.

The development of application packages of computer programs allows to reduce the time for the design of technological
processes in the light and textile industry as much as possible. This is due to the modernization of the thread filling line on the technological
equipment, which allows to minimize thread tension in the working area. Minimization of tension is ensured by optimization of the shape of
the thread filling line, in which the total angle of coverage of the guides will be minimal. Computer determination of kinematic and dynamic
parameters of flat mechanisms allows to determine the parameters used in determining the intensity of technological processes.

Keywords: computer module, kinematic and dynamic analysis, light industry machines, intensity of technological processes.
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ITocTraHoBKa npodJieMH y 3arajibHOMY BHIJISIA
Ta ii 3B’9130K i3 BAKJIMBMMH HAYKOBUMH Y¥ NPAKTHYHUMH 3aBJAAHHAMHA

Po3poOka KOMIT'IOTEPHOTO MOAYJISA Ui KIHEMATUYHOTO Ta JWHAMIYHOTO aHANII3Y BaXUTBHUX MEXaHi3MiB
MaIlMH JIETKOi MPOMMCIIOBOCTI JIO3BOJISIE BU3HAYATH MapaMeTpH, sKi BUKOPHUCTOBYIOTHCS B IIPOTrpaMi Ui OLIHKH
HAaIpy>K€HOCTI TEXHOJIOTIYHUX MPOLECIB JIETKOI Ta TEKCTHIBHOT IPOMHCIOBOCTI IPH BU3HAUCHHI 3MiHH BiJHOCHOTO
HaTATy HUTKM 110 30HaM 3alpaBKM Ha TEXHOJOTiYHOMY oOnanHanHi. KiHeMaTHyHWI Ta NUHAMIUYHMHA aHaii3
IUIOCKUX MEXaHi3MiB BUTpa€ 3Ha4yHy pOJb NPH NPOEKTYBaHHI HOBUX MEXaHI3MIB Ta MOJEpHi3allil iCHYIOYHX.
PesynpraTh, siKi OTPUMYIOTBCSI NIPU MPOBEACHHI JAAHUX JOCTIIKEHb, MOXKHA BHKOPHCTOBYBATH NPH PO3PAXYHKY
MIITHOCTI OKpeMHX JIaHOK, iX iHepHiHHMX XapaKTEepHUCTHK, ONTHMi3amii KOHCTPYKTHBHHUX ITapaMeTpPiB MeXaHI3MiB,
MiHiMi3aIi{ crioKUBaHO1 eHeprii.

Pizke 30iUIBIICHHA HATATY NPHU3BOAWTH IO TOPYIIEHHS HOPMAIBHOTO MPOXOKEHHS TEXHOJIOTIdIHOTO
mporiecy nepepoOku HUTKH. HemoCKOHANICTh CTPYKTYPHHX €JIEMEHTIB CHCTEeMH MOJadi, MPHUCTPOIB UL HATATY
HHUTKHU Ta CHPSMOBYBa4iB HUTKH Ha TPUKOTAXKHUX, TEKCTHUIILHHUX Ta IIBEHHUX MaIlMHAX HE JO3BOJIATH 311HCHIOBATH
nepepoOKy HHUTOK IPH CTPUOKOMY 3pOCTaHHI BXiTHOTO HaTsAry. Po3poOka HOBMX CXeM CHUCTEMH IoJadi HUTKU
NoTpedye ONepaTHBHOI OLIHKM 3HAYEHHS HATATY Iepen poOoro 30HO0. Jlist nboro eeKTHBHO BHKOPHUCTOBYBATH
CreliaJbHO PO3p0o0JIeH] MPOrpaMu il BUKOHAHHS OOYHMCIIOBAIBHOIO €KCIIEpUMEHTY. HaTsar HUTKHY 301IbIIy€eThes
NpU NEepexoji MO 30HaX 3ampaBKU CHUCTEMH IOJa4yl HUTKH Ha TEXHOJOTiYHOMY oOnagHanHi. Lle 30imbiueHHs
00yMOBJICHO B3a€MOJII€I0 HUTKU 3 HANpPSIMHUMHU Ta MPUCTPOSMH AJs HATATY. MaKCHMalbHOTO 3HA4YEHHS HATATY
Oyne nepen pobodoro 30HO00. Po3pobka crenialbHUX KOMIT IOTEPHUX MPOTpaM Al BU3HAUCHHS HATATY B poOoUiil
30HI JJ03BOJIIE BU3HAYATH HEOOXiTHI TEXHOJIOTIUHI TapaMeTpH, MPOBATUTH KOPETYBAaHHS K CaMOl CTPYKTYPH, TaK i
CKJIaJOBUX KOMIIOHEHTIB CHCTEMH MOAa4i HUTKHU JJIsl OTPUMAaHHS MiHIMaJIbHO HEOOX1THOTO HATSTY B poOOUili 30Hi.

LinpoBor0 (QYHKIIEIO B 3amadi BHCTYNAe MiHIMAIbHO HEOOXIOHWH HATST, SKa MpPEACTaBsie cOoO0r0
MiHIMabHY CyMy KyTiB OXOIUICHHS HUTKOIO HAIPSMHHUX ITOBEPXOHB SKi MAlOTh MHJIIHIPHYHY, CTINTHYHY (HOpMH,
JVCKPETHI BiAPI3KM MpsAMOi JiHil. BUKOpHuCcTaHHA KOMI'IOTEPHOI IIPOrpaMy AO3BOJISE€ BU3HAYaTH HAINPY>KEHOCTI Ta
3MIiHH BIIHOCHOTO HATATY IO 30HaM 3alpaBK{ MAallMH JErKOi Ta TEKCTWIBHOI MPOMHCIIOBOCTI, IO JI03BOJISIE IIe Ha
cTafii MPOEKTYBaHHS TEXHOJIOTIYHOTO MPOLIECY ONTUMI3yBaTH (HOPMY JIiHII T01aui HUTKH.

Takum 4nHOM, TeMa JaHOT CTATTI € aKTYaJIbHOIO, IKa Ma€ Ba)KJIMBE 3HAYCHHS /IS yIOCKOHAJIICHHS CHCTEMHU
MoAa4yi HUTOK Ha TEXHOJOTIYHOMY OOJaJHaHHI, KOHCTPYKILIl ICHYFOUMX IPUCTPOIB HATSITY Ta TPAaHCIIOPTYBaHHS
HHUTKHU Ta pO3pOOKH HOBUX.

AHaJii3 10caigKeHb Ta myOJaiKkauin

Amnaii3 1edekTiB, 0 MPUBOASITE 0 OOPHBY HUTKH TPH IepepoOIli, TOKa3aB, M0 HAWOLIBIT BATOMUMH €:
cJTa0Ki MICII Ha HUTII (CTOHIITYBAaHHS), IUIIKH 1 TIOTOBIEHHS, MOXOBUTICTS [1, 4, 8]. SIKI10 BHHUKHEHHS TEPIINX
JIBOX JIepeKTiB MOSICHIOETHCS! HU3BKOIO SIKICTIO MOYAaTKOBOI CHPOBMHY 1 TIOPYIIEHHSIM TEXHOJIOTIYHOTO MpOLEeCy IpH
BUPOOHHMIITBI, TO OCTaHHIH, SIK HaroJONIyBaJoCs BHIE, BUHUKA€E OE3MMOCEPEAHBO MPH B3a€MOJIl HUTOK 3 poOOUNMHU
OpraHaMi TEXHOJIOTIYHOTO ycTarkyBaHHs [4, 6]. JlociiDkeHHs BIUIMBY KOHCTPYKLII IPUCTPOIO HATATY HUTKH HA
YMOBH HOTO B3a€MOZIi 3 HUTKOIO 3 ypaxyBaHHSM Ii HEPIBHOMIPHOCTI MO JiaMeTpy MONEePeYyHOro MEePEeTHHY MalTh
Ba)XJIMBE 3HAYEHHsI PU BU3HAUEHHI HATATYy HUTKU. HaTsar HUTKM 30UIBLIYETHCS MIPU MEPEXO/i 10 30HaX 3aIlpaBKU
CHUCTEMH IMOJayi HUTKH HA TEXHOJOTriYHOMY oOsamHaHHi. lle 30UIbIIeHHS OOYMOBJICHO B3a€MOJIEI0 HUTKH 3
HaNpssMHUMH Ta TPUCTPOSIMU JUtsl HaTsry [4-9]. MakcumasbHOTO 3Ha4YeHHs! HATAry Oyze mepes poOouor 30HOM0.
Minimizalfiss HaTAry Hepen poO0UYOr0 30HOK MA€ BAXKIJIMBE 3HAYCHHS JJIS yIOCKOHAICHHS TEXHOJOTTYHUX MPOIECIB
TEKCTWJIBHOT Ta MIBEHHOT MPOMHCIIOBOCTI 3 MO3MIIIT IMiJBUIIEHHS MPOAYKTUBHOCTI TEXHOJIOTIYHOTO YCTATKyBaHHS Ta
SKOCTI TIPOAYKIIiT 10 BUITYCKA€ETHCH.

OCHOBHUM TTapaMeTpOM OINTHMI3allil CHCTEMH IT01a4i HUTOK Ha TEXHOJIOTIYHOMY OOJIaHAHHI TEKCTHIIEHOT
Ta TPUKOTAXKHOI MPOMHUCIIOBOCTI € MIHIMaIbHO HEOOXIMHWH HATAT B poOouiid 30HI [3—8]. 30ULIbIICHHS HATATY B
poOoUiil 30HI MPU3BOIUTH A0 OOPHBY HUTOK i, SIK HACIHIZOK, IO 3yMMHKK TEXHOJOTIYHOTO OOmamHaHHA [3, 4, 9].
IIpocroi ycrarkyBaHHs, MOB'I3aHi 3 JIKBijaIi€l0 0OpUBY, CKIagaroTh B 1aHui yac 75-80 % Bixn 3aranpHOrO yacy
npocToiB [4].

Po3poOka NpHKIAIHUX MAaKeTiB KOMII FOTEPHUX MPOTpaM J03BOJSIE MAKCHMMAJIbHO CKOPOTHTH 4Yac Ha
MIPOEKTYBAaHHS TEXHOJIOTIYHUX MPOLECIB B JIETKi Ta TEKCTHIBHIM mpoMucioBocTi. e moB’a3aH0 3 MoaepHi3allieo
JiHI] 3ampaBKU HUTOK Ha TEXHOJOTIYHOMY OOJaIHaHHI, IO JO3BOJIE MiHIMI3yBaTH HATAT HUTKU B PoOOUii 30HI.
Minimizariss HaTiAry 3a0e3medyeTscsl omTuMizariero GopMu JiHII 3ampaBKHM HUTKH, MPH SKIH CyMapHHH KyT
OXOIUICHHS HalIPSIMHUX Oy/ie MiHIMaJIbHUM.

Komm’rorepHe BH3HaueHHS KiHEMaTWYHUX Ta JUHAMIYHMX IapaMETpPiB IUIOCKUX MEXaHI3MIB J03BOJISE
BU3HAYATH NapaMETPH, SKi BAKOPUCTOBYIOTHCS IIPH BU3HAUCHH] HANIPYXEHOCTI TEXHOJIOTIYHUX Tporecis [1, 3-5].

®opMyTI0BaHHSA Wilel cTaTTi
Meroro poboTH € po3poOka KOMI'IOTEPHOTO MOXYJs Ui KiHEMaTH4YHOTO Ta JUHAMIYHOTO aHaji3y
BaXUTPHIX MEXaHI3MIB MAaIlIMH JIETKOi MPOMHCIOBOCTI MPOTPaMU JUIS OLIHKH HANpPYXXEHOCTI TEXHOJOTIYHUX
MIPOIIECiB.
BukJiag 0cHOBHOT0 MaTepiany
Ha puc. la npencrasnena mogarkoBa ¢popma TPMForm1 = class(TForm) xomn’roteproro moayinst KDAM
JUTSI KIHEMAaTHIHOTO Ta KIHETOCTATHYHOTO aHAIli3y TUIOCKUX BaXKUTPHUX MEXaHi3MiB MAIIMH JIETKOT POMHCIOBOCTI.
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Ha ¢opmi TPMForml = class(TForm) (puc.10) po3sramoBani HactynHi kommoneHTn PMLabell: TLabel;
PMLabel2: TLabel; PMLabel3: TLabel; PMLabel4: TLabel; PMLabel5: TLabel, PMImagel: TImage;
PMButtonl: TButton; Labell: TLabel. Kommonent PMLabell: TLabel Bkitouae Ha3By KOMI'FOTEPHOTO MOJYJISL.
Komnonent Labell: TLabel Brirouae 6penn mporpamu KDAM.
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Puc. 1. Komn’orepunii moayas KDAM i1 KiHeMAaTHYHOTO Ta KiHETOCTATHYHOIO AHAJTI3Y IVIOCKHX BAXKIIBHHX MeXaHi3MiB MalIHH
JIerKoi MpoMHUCJIOBOCTi: a) moyaTkoBa (popma TPMForm1 = class(TForm) komn’ioTepHoro moaysi; 6) pparMent nporpaMHoro Koay

Hpyra dopma TPMForm2 = class(TForm) e ocHoBHOIO (opmoro komi toTepHoro monyiast KDAM i
npexactaeineHa Ha puc. 2a. Ha ¢opmi TPMForm2 = class(TForm) (puc. 26) po3ramioBani HacTyIHi KOMIIOHEHTH
Buttonl: TButton, Button2: TButton, Button3: TButton, Memol: TMemo, Labell: TLabel, Button4: TButton,
Button5: TButton, Button6: TButton, Chartl: TChart, Button7: TButton, Seriesl: TPointSeries, Button8: TButton,
Button9: TButton, Button10: TButton, Button11: TButton, Button12: TButton.
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Puc. 2. OcHoBHa popma komn’1oTeproro moayiss KDAM: a) popma TPMForm2 = class(TForm); 6) ¢gparmeHT NnporpaMHoOro Koay

Kommnonent Button6: TButton iHiniroe Bukonanns npoueaypu procedure Button6Click(Sender: TObject)
NIPUCBOIOBAHHS 3HAYEHb KIHEMATHYHMX Ta AWHAMIYHMX MapaMeTpiB TOYKM AS KIHIM KPHBOIIMIY Toumi A.
Kommnonent Button7: TButton ininitoe BukoHanHs mnporeaypu procedure Button7Click(Sender: TObject) mobymnosu
rpadiky TpaekTopii Toukd A. barato cTpoKOBHII KOMIIOHCHT Il BBEJACHHS / BUBEACHHS maHux Memol: TMemo
NpU3HAYCHUH Ui BUBECHHs iH(OpMaLlil PO po3paxyHKU CKIIJIOBHX IUIOCKOTO MexaHi3my. Kommnonent Button12:
TButton iHiriroe BukoHaHHs npouenypu procedure Button12Click(Sender: TObject) 36epiranns rpadiky Tpaekropil
TOUKH A.

I'pyma xommonentiB Button3: TButton, Button4: TButton Ta Button5: TButton npru3nadeHa ajs 10o1aBaHHS
rpyn Acypa 1o Beayuoi yaHku. Kommnonent Button3: TButton iHimiroe BukOHaHHS mpouenaypu procedure
Button3Click(Sender: TObject) nepexoay 1o Moxyis unit po0 mopaBaHHS IIaTYHHO-TIOB3YHKOBOI Ipynu Acypa a0
MexaHi3My. Moy unit po0 Bkmodae popmy TFormPoO = class(TForm) nsst oOpanHst HOMepa CXeMH Ta BBEACHHS
BximHux nanux. Kommonent Button8: TButton inimiroe BukoHaHHs mporenypu procedure Button8Click(Sender:
TObject) nprucBolOBaHHS 3HA4Y€Hb KIHEMATHYHHUX Ta AWHAMIYHUX HapaMeTpiB Toukn KAB Ha maTyHi moyaTkoBii
ToUIi A HacTymHOI rpynu Acypa, sika MoKe OyTH IIpH€eAHAHA JI0 MEXaHI3MY.

Kommnonent Button4: TButton iHimiroe Bukonanus npoueaypu procedure Button4Click(Sender: TObject)
nepexomy 1o Moy unit ko0 momaBaHHS MATYHHO-KOPOMHECIOBOI rpynu Acypa /1o MexaHi3My. Moayns unit ko0
Bkimogae popmy TFormkoO = class(TForm) mns oOpanHS HOMepa CXeMM Ta BBEICHHS BXIAHHX MaHUX IS
matyHHO-KopomuciaoBoi rpynu. Kommonent Button9: TButton iHimitoe BHKOHaHHA npouenypu procedure
Button9Click(Sender: TObject) mprcBoloBaHHS 3HaYeHb KiHEMAaTHYHUX Ta IWHAMIYHUX mapamerpiB Toukn AK Ha
LIaTyHI IOYaTKOBiM Touli A HacTymHOi rpymu Acypa, ska Moxe OyTH NpHEIHAHA A0 MEXaHi3My. Y BHIIAIKYy
MpUEAHAHHS HACTYNHOI Ipymu Acypa 10 KPHUBOIIMIY BHKOPHCTOBYEThCA KoMnoHeHT ButtonlO: TButton, sxwuii
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iHinitoe BUKOHaHHs mpoueaypu procedure Button10Click(Sender: TObject) mpucBoroBaHHS 3HaYeHb KiIHEMATUIHUX
Ta JUHAMIYHMX NapameTpiB Toukn BK Ha kopomucii mouaTkoBiit Touni A HacTyHOI rpynu Acypa.

Komnonent ButtonS: TButton inimiroe Bukonauss npoueaypu procedure Button5Click(Sender: TObject)
nepexofy 1o Moxyss unit ku0 nomaBanHs KyJicHOT rpynu Acypa o MexaHismy. Moayins unit kuO Bkirouae popmy
TFormkuO = class(TForm) mns oOpaHHS HOMepa CXeMHU Ta BBEACHHS BXIJHUX JaHHUX JUIS KYJICHOI TPYIH IS
po3paxyHky. Kommonent Buttonll: TButton ininiroe BukoHanHs npouexypu procedure Buttonl1Click(Sender:
TObject) npucBoroBaHHs 3HaYeHb KIHEMAaTWYHUX Ta JUHAMIYHMX mapaMeTpiB Toukun KCA Ha Kyitici mo4aTKOBii
TOUIi A HaCTymHOI rpynu Acypa, sika MoKe OyTH NPHEIHAHA 10 MEXaHI3MY.

Kommnonent Buttonl: TButton iximiroe BukoHanHs npouexypu procedure ButtonlClick(Sender: TObject)
3akpuTTa hpopmu TPMForm2 = class(TForm) Ta Buxomy 3 mporpamu.

BucHoOBKH 3 JaHOT0 AOCTiM:KeHHA i MepCNeKTHBYU NOJAJbIINX PO3BiIOK Yy TaHOMY HANPsAMI
Po3pobneHnii KOMITFOTEPHUN MOYJIb IS KIHEMAaTHYHOTO Ta AWHAMIYHOTO aHAJi3y BaXKITbHUX MEXaHi3MiB
MaIlHH JIETKOI MPOMHUCIIOBOCTI MPOrpaMu JUIsl OL[IHKH HAIIPY KEHOCTI TEXHOJIOTTYHHUX MPOIIECIB.
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