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KOMII'IOTEPHE BUBHAYEHHSA KIHEMATHUYHUX ITAPAMETPIB MEXAHI3MY
3 IBOMA KOPOMHUCJIOBUMHU I'PYITAMMU 3 BUKOPUCTAHHAM ITPOT'PAMU
KDAM

BukopucmanHs komn'tomepHoi npoepamu KDAM do380.1u10 8usHa4umu KiHeMamuyHi napamempu MexaHiamy 3
deoma KopoMuc/a08UMU 2pynamu MAWUH MOMAAbHO20 8UPOOHUYMEA, wjo d03801uU/10 8U3HAYAMU KOopduHamu, npoekyii
weudkocmell ma npuckopeHb WApHIpi6 ma MoyYKu NpuedHaHHs AAHOK Opyzoi KysicHoi epynu Acypa i, Ha 6a3i ybozo,
obupamu payioHa/bHi napamempu cmpyKkmypHuUx AaHOK MeXaHi3my 04151 3a6e3neyeHHst Heo6xi0H020 3aKOHY pyXy omeopie
poboyux enemeHmie  MAWUH MOMA/AbHO20 BupobHuymsea. KiHemamuuHne OocaidxceHHs CKAAOHO20 MexaHi3my
8UKOHy8a/0csi 8 mpu emanu. Ha nepwiomy emani eusHauaaucsi KinemamuyvHi napamempu exioHoi snavku. Ha dpyzomy
8U3Ha4a/ucsi KiHemMamuuHi napamempu nepuwioi kopomucsaosoi zpynu. Ilicasi ywvozo 8id6ysasocss nepenpusHaveHHs
KIHeMamuyHuUx napamempie mo4ku I 8U3Ha4aaucsi Kinemamu4Hi napamempu dpyzoi kopomucaosoi epynu. OmpumaHi
pe3yabmamu  8UKOPUCMOBYHOMbCA 8 Npo2paMmi 045 OYIHKU HANPYyiIceHOCmi MmexHo/02iYHUX npoyecie Momas/bHO20
8UPOGHUYMEA npu 8U3HAYeHHI 3MIHU 8I0HOCHO20 HAMsI2y HUMKU Nnpu hopMy8aHHI YuAiHOPUHHUX NAKYB8AHb.

Karouosi cnosa: kKiHemamuyHi napamempu, kopomucaoea 2pyna, npoepama KDAM.
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COMPUTER DETERMINATION OF KINEMATIC PARAMETERS OF THE MECHANISM WITH TWO ROCKER
GROUPS USING THE KDAM PROGRAM

The use of the KDAM computer program made it possible to determine the kinematic parameters of the mechanism with two
rocker groups of winding machines, which made it possible to determine the coordinates, projections of the speeds and accelerations of the
hinges and the points of attachment of the links of the second rocker group Asura and, on the basis of this, to choose rational parameters of
the structural links of the mechanism for ensuring the necessary law of movement of the holes of the working elements of the winding
production machines. The kinematic study of the complex mechanism was performed in three stages. At the first stage, the kinematic
parameters of the input link were determined. On the second, the kinematic parameters of the first rocker group were determined. After that,
the kinematic parameters of the point were reassigned and the kinematic parameters of the second rocker group were determined. The
obtained results are used in the program to assess the tension of the technological processes of winding production when determining the
change in the relative tension of the thread during the formation of cylindrical packages.

Kinematic analysis of complex flat mechanisms of winding production machines, which include rocker groups, plays a significant
role in choosing rational parameters of the structural links of the mechanism to ensure the necessary law of movement of the openings of the
working elements of winding production machines. The use of the KDAM computer program, which is the development of the authors of this
article, allows you to determine the kinematic parameters of the hinges and the connection points of the links of the second rocker group of
Asura winding machines, which allows you to choose rational parameters of the structural links even at the design stage. The results of these
studies can be used to optimize the design parameters of mechanisms and minimize energy consumption.

The use of the KDAM computer program made it possible to determine the kinematic parameters of the mechanism with two
rocker groups of winding machines, which made it possible to determine the coordinates, projections of the speeds and accelerations of the
hinges and the points of attachment of the links of the second rocker group Asura and, on the basis of this, to choose rational parameters of
the structural links of the mechanism for ensuring the necessary law of movement of the holes of the working elements of the winding
production machines. The kinematic study of the complex mechanism was performed in three stages.

Keywords: kinematic parameters, rocker group, KDAM program.

ITocTanoBKka mpodaemMu
KinemarnuHuii aHami3 CKIQIHUX IDIOCKUX MEXaHi3MIB MAIllMH MOTaJILHOTO BUPOOHHUIITBA, SKi BKIIOYAIOThH
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KOPOMHMCIIOBI TPYIIH, BUTpA€ 3HAYHY POJIb IPH OOUPaHHI paIlioHaIbHUX MMapaMeTpiB CTPYKTYPHHUX JIAHOK MEeXaHi3My
Juisl 3a0e3reueHHs HeoOXiJHOTO 3aKOHY PyXy OTBOpIB pPOOOYMX €JIEMEHTIB MallMH MOTAJbHOTO BHPOOHHITBA.
Bukopucranns komm’rorepHoi mnporpamu KDAM, sika € po3poOKOI0 aBTOpIB 1€l CTATTi, JO3BOJISIE BU3HAYATH
KiHEMaTH4HI apaMeTpH MIApHIPiB Ta TOUKU HPUEJHAHHS JJAHOK JpYroi KyJicHOI Tpynu Acypa MallliH MOTaJIbHOTO
BUPOOHMIITBA, IO JO3BOJISIE Il Ha CTaiii MPOEKTYBaHHSA OOMpAaTH pallioHalIbHI MapaMeTpu CTPYKTYpHHX JIAHOK.
PesynbraTH, sIKi OTPUMYIOTBCSI IIPU TPOBEACHHI JAHUX JOCITIHKEHb, MOXKHAa BHUKOPUCTOBYBATH INPH ONTHMIi3arlil
KOHCTPYKTHUBHHX ITapaMeTPiB MEXaHi3MiB, MiHIMi3allii CII0)KHBaHOT eHeprii.

Buxopucranas komm’torepHoi mporpamMd  KDAM 1o3BOAMIO BH3HAYMTH  KiHEMAaTHYHI MapaMeTpu
MEXaHi3My 3 /ABOMa KOPOMHCIOBMMH TPyIaMH MaIldH MOTAJIBHOTO BHUPOOHMIITBA, IO JO3BOJIMIO BHU3HAYATH
KOOpAWHATH, MPOEKIii ITBUAKOCTEH Ta MPUCKOPEHB MAapHIpiB Ta TOYKU MPUEAHAHHS JAHOK APYTOi KyINiCHOI TpymH
Acypa i, Ha 0a3i 1pOTO, OOMpPATH palioHANBHI MapaMeTpu CTPYKTYpHHX JIAHOK MeXaHi3My s 3a0e3nedeHHsS
HEOOXiTHOTO 3aKOHY pyXy OTBOPIiB poOOYMX €NEeMEHTIiB MAaIldH MOTAIBHOTO BHPOOHHUITBA. KiHemaTmuHe
JIOCIIZPKEHHST CKJIaJJHOrO MEXaHi3My BUKOHYBaJIoCsi B TpW eTanu. Ha mepimiomy erani Bu3Hayanmucs KiHEMaTH4Hi
napaMeTpH BXi1HOi naHKu. Ha npyromy BU3Havanucsi KIHEeMaTH4HI TapaMeTpH mepiuoi kopomucinoBoi rpymu. ITicis
BOro BifOyBanocs Mepenpu3HaueHHs KIHEMAaTUYHHUX IapaMeTpiB TOYKM 1 BH3HAYAIMCS KIHEMaTHU4YHI NapameTpu
JIpyroi KopomucinoBoi rpymu  OTpuMaHi pe3ysibTaTd BHKOPUCTOBYIOTHCS B IPOTpaMi JJIs OLIHKH HaIpy>KeHOCTI
TEXHOJIOTIYHUX MPOLECIB MOTAJIHHOTO BUPOOHMITBA NPH BHU3HAYCHHI 3MIHM BITHOCHOTO HATATY HUTKH IIpH
(hopMyBaHHI NUTIHAPUIHHUX MTAKyBaHb.

TakuMm 9MHOM, TeMa JJaHOI CTATTi € aKTyalbHOIO, KA MA€ BAXIIMBE 3HAYCHHS JUII OLIHKM HAIPYXEHOCTI
TEXHOJIOTIYHUX MPOLECIB MOTAIBHOTO BHUPOOHWIITBA NPH BHU3HAYCHHI 3MIHH BIIHOCHOTO HATATY HUTKH IIPH
(hopMyBaHHI HIWTIHAPUIHAX ITaKyBaHb.

AHaJi3 1xepen

Komm’toTepHe BU3HAUCHHS KiHEMaTHIHHUX MapaMeTpiB MeXaHi3MiB MaIlliH MOTaJIbHOTO BUPOOHUIITBA, SIKi
BKIIIOYAIOTh KOPOMMUCIIOBI TPYIH, O3BOJISIE OOMPATH paliOHANBHI ITapaMeTpu CTPYKTYypHHX JaHOK [2]. Po3poOka
NPUKIAHOTO TakeTy Komm 'totepHoi mnporpamu KDAM Ha mpukiail CKIagHOTO MEXaHi3My 3 JIBOMa
KOPOMHMCIIOBUMHU TPYIIAMU JI03BOJIIE MAKCHMAaJbHO CKOPOTHTH Yac Ha IMPOEKTYBaHHs OOJiaJHaHHS MOTAJIbHOTO
BupoOHunTBa[l, 3—6]. lle moB’s3aHO 3 MOICpHI3AIIEr0 JIiHII 3ampaBKH HUTOK HAa MOTAJbHOMY OOJaTHAHHI, 10
JI03BOJISIE MIHIMI3yBaTH HATAT HUTKH NP (OPMYBaHHI LMIIHAPHUYHOTO MaKyBaHHS. HaTsar HUTKM 30UTbIIYEThCS TIPH
MePEXO/Ii 1O 30HAX 3alPaBKH CUCTEMH IM0Ja4Yi HUTKU HA MOTaJbHOMY 00namHanHi [4—7]. e 30inbIIeHHs 00yMOBICHO
B32a€EMOJIIEI0 HUTKM 3 HANPSIMHAMH Ta MPUCTPOSMH JUIS HATATYy MOTaIbHHX MammH [5, 7-9]. MakcuMaibHOTO
3HAUCHHS HATATy Oyzae mepen poOodoro 30HOI0. MiHiMi3alis HaTATY 3a0e3medyeTbess onTuMizariero GopMu JiHil
3aIrpaBKU HUTKY, TIPH SKild CYMapHUH KYT OXOIUICHHS HAPSAMHUX Oyae MiHIMamsHIM [2, 5].

OCHOBHUM TIapaMeTpPOM ONTHMI3allii CHCTEMH TOJa4i HUTOK Ha MOTAJFHOMY OOJIAJHAHHI € MiHIMAIIbHO
HEOOXiTHWH HATAT B poOo0dii 30HI. 30UTBIICHHS HATATY B POOOYid 30HI MPU3BOAWUTH N0 OOPHBY HHUTOK i, SK
HACIIZOK, O 3YMUHKH TEXHOJOTigHOTO oOnmamHaHHA. [IpocToi ycTaTKkyBaHHsS, MOB'A3aHi 3 JIKBiAalli€elo OOpHBY,
CKJIaIal0Th B Aanuii yac 75-80% Bix 3araipHOTO Yacy npocrois [2].

MeTo10 poGOTH € BU3HAUCHHSI KiHEMaTHYHUX MapaMeTpiB MEXaHi3My 3 ABOMa KOPOMMCIIOBUMH TpyIaMH
MaIIMH MOTAJLHOIO BHUPOOHHUITBA i, HA 0a3i I[bOr0, OOpPAHHS palliOHAILHUX MAPaMETPIB CTPYKTYPHHX JIAHOK
MeXaHi3My st 3a0e3nedyeHHs] HeOOXiJHOTO 3aKOHY pYyXy OTBOpIB POOOYMX EJIEMEHTIB MallMH MOTaJbHOTO
BHUPOOHUIITBA.

Buxksiax ocHOBHOTO MaTepiaiay

Ha puc.la npexacraBneHnil 3aranbHU BUIIIAL MEXaHI3My MAIlMH MOTaJbHOTO BHPOOHHWITBA 3 JBOMA
KOPOMHCIIOBUMH Trpynamu. Ha mepmroMy erami BH3Ha4aiucsl KiHEMAaTHYHI IapaMeTpH BXIIHOI JIAHKH, JUI LbOTO
BHKOHYIOThCS Tmporenypa  procedure Button2Click(Sender: TObject) momyns unit Unit2PM koM’ rotepHO1
nporpamu  KDAM. Ha npyromy erari oTpuMaHi KiHEMaTH4YHI MapaMeTpH BHKOPUCTOBYIOTHCS JUIA PO3PaXyHKY
KiHeMaTHYHHUX HapaMeTpiB mepmroi kopomwucnoBoi rpymu. Ha puc. 26 mokasana ii ocHoBHa ¢opma TFormkol =
class(TForm) me posramoBaHi HacTymHi KomMmnoHeHTH btnkrpo: Tbutton, Chartl: Tchart, Series3: TlineSeries,
Series4: TlineSeries, SeriesS: TlineSeries, Buttonlks: Tbutton, Button2ks: Tbutton, Series6: TlineSeries, Chart2:
Tchart, Chart3: Tchart, Chart4: Tchart, Series8: TlineSeries, Series7: TlineSeries, Series9: TlineSeries, StringGrid1:
TstringGrid, Series22: TlineSeries, Series23: TlineSeries, Series21: TlineSeries, Buttonl: Tbutton, Button2:
Tbutton, Seriesl: TlineSeries, Series2: TlineSeries, Series10: TlineSeries, Seriesll: TlineSeries, Series14:
TlineSeries, Seriesl5: TlineSeries, Series31: TlineSeries, Series32: TlineSeries, Series33: TlineSeries, Series34:
TlineSeries, Series35: TlineSeries, Series36: TlineSeries, Chart5: Tchart, Series37: TPointSeries, Series38:
TPointSeries, Series39: TPointSeries, Button3: Tbutton.

Ha xomnonenti Chartl: Tchart BimoOpakaroTbcsi HepeMilleHHsT TOYOK HIATYHHOI KOPOMHMCIIOBOI I'pYITH
MmexaHi3My. Ha kommonenti Chart2: Tchart BizoOpaxxaeTbcss KyToBa IIBHJIKICTD Ta MPUCKOPEHHS JAHOK HIATYHHOT
KopoMucioBoi rpynu MexanizMmy. Ha komnonenTi Chart3: Tchart BiqoOpakaroTbest IpOEKIIT Ha OCi X Ta y BEKTOpPiB
IIBUAKOCTI TOYOK Ta LIEHTPIB Mac JIAHOK IIaTyHHOI KOPOMHCIIOBOI TPYIIH MEXaHi3My.
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Inpopissear 06 BOSPSHHK AIGCKEN rtabiiesy

Tomssot prmonsm
Tlepeinaemosano Kimepsarinai napaseengsn wia SA 10 A
Tosases waryreso hopossecicea 1pyiia Acyps

Tiepeiinsenazamo mimessames napaseespas ia AK 20 &

B) r)

Puc. 1. ®opmu komn’rorepHoi nporpamu KDAM st MexaHi3mMy 3 IBOMa KOPOMHUCJI0BMMH I'PyNaMu: a) 3arajbHUil BUIJIS] MeXaHi3My 3
ABoMa kopomucjaosumu rpynamu; 6) popma TFormkol = class(TForm) komm’1oTepHoro Moxy.asi unit unit kol gas 1 kopomucioBoi
rpynu; B) popma TPMForm2 = class(TForm) moxyas unit Unit2PM niist BU3HaAYeHHSI TPAEKTOPIl TOUKH NPHETHAHHS Ta
nepenpu3sHayeHHs KiHeMaTHYHUX napamMeTpiB wiei Touku; r) popma TFormko2 = class(TForm) komm’roTrepHoro moay.is unit unit ko2

AJ15 2 KOPOMHCJIOBOI Tpynu

Ilicns mporo BimOyBaeThcs TMEpeNpHU3HAYCHHS KIHEMAaTHYHUX TIapaMeTpPiB TOYKH 1 BHU3HAYAIHCS
KiIHEMaTH4YHI TapaMeTpu JApyroi KOPOMHCIOBOi TpylnM 3a JONOMOTOI0 BHKOHAaHHS Tmpouexyp procedure
Button9Click(Sender: TObject), procedure ButtonlksClick(Sender: TObject). Ha puc.lB mpencraBiena ¢dopma
TFormkul = class(TForm) 3 orpumaHoro (HhopMOIO TPaeKTOPil PyXy TOUYKH NPHETHAHHS OPYroi KOPOMHCIOBOT
rpymu. Ha puc. 2r moka3ana ¢opma TFormkol = class(TForm) 3 pe3ynbraTaMu KiHEMaTHYHOTO PO3PAXYHKY IS
npyroi kopomrucioBoi rpymu. Kommonent Button4: Tbutton Bukimkae npouenypy procedure ButtondClick(Sender:
TObject) ast ApyKy pe3yIbTaTiB, 3 BUKOPUCTAHHSIM KoMmmoHeHTy StringGrid, B Tabmuii Excel.

B T1abn. 1 Ta Tabm. 2 BIANOBIIHO MPEACTAaBICHI PE3yJbTaTH PO3pPaxyHKy Uil mepiioi Ta Jpyroi
KOPOMMCJIOBOT IPYIIM MEXaHi3My MallMH MOTAILHOTO BUPOOHHUITBA JIs 11’ ATH NoJIokeHb kpupowmiy: 0% 459 90°;

1359 180°; 2259 270°; 315°; 360°.
Ta6muns 1
KinemaTuyHi Ta AMHAMIYHI IapaMeTPU AJiSl TOYOK IIATYHHO-KOPOMMCJIOBOI TPyIH

Ul | U3l xABI1 yABI1 Uu21 Uu3l1 vABx1 vAByl wABx1 wAByl

0 1.5905 0.1678 -0.0345 -0.4596 -2.0610 -0.0351 0.0931 -0.5807 -0.3463
45 1.4427 0.1321 -0.0066 2.0048 -0.5396 -0.1723 0.0799 -0.2469 -0.0812
90 1.2598 0.0756 0.0111 2.5110 0.8891 -0.1675 0.0237 0.1531 0.1531
135 1.1636 0.0339 0.0058 0.8224 0.8752 -0.0908 -0.0557 0.3024 0.1367
180 1.1567 0.0219 -0.0203 -0.7995 0.9179 0.0180 -0.1017 0.3765 0.1421
225 1.2403 0.0460 -0.0541 -2.0795 0.8482 0.1331 -0.0892 0.3101 0.1444
270 1.4025 0.0989 -0.0804 -2.2576 -0.1419 0.1866 -0.0158 -0.0147 -0.0147
315 1.5601 0.1517 -0.0610 -1.6898 -1.3385 0.1272 0.0656 -0.3903 -0.2246
360 1.5905 0.1678 -0.0345 -0.4596 -2.0610 -0.0351 0.0931 -0.5807 -0.3463

ITpu BUKOHAHHI PO3pPaxyHKiB KyTOBa IIBH/KICTh KPMBOLIMIIA JOPiBHIOBaNA 2.5 ¢!, MOBXHHA KpUBOIIMIIA
jnopiBaioBasnia  0.075 M, nomxwmHa matyna (1) 0.198 M, noexuna kopomucia (1) nopiHioBama 0.336 M,
BepTUKanbHe 3MimeHHa omopu C popiBHIOBaio 0.267 M, KOOpAWHATH TOPHU3OHTAIBHOTO 3MimieHHs omopu C
nopisaioBasio 0.254 M, koopanHaTy mapHipa Ha maTyHy (1) mopiBaioBamu 0.198 M ta 0 M, noBXwWHa martyHa (2)
0.407 M, nosxxmHa Kopomucia (2) mopiBaroBana 0.215 M, Beptukanshe 3minienss omopu C1 gopisaioBano 0.225 M,
KOOPJIMHATH TOPU30HTAIILHOTO 3MineHHs onopu C1 mopiBaroBano 0.065 m.
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Tabmmms 2
KinemaTHyHi Ta AMHAMIiYHI IapaMeTpH UIsl TOY0K HIATYHHO-KOPOMHUCJIOBOI Ipynu

Ul | u32 XAB2 yAB2 Uu22 Uu32 vABx2 | vABy2 | wABx2 | wABy2
0 6.3071 | 0.0089 | -0.1616 | 23319 | 1.1786 | -0.0181 | 0.0719 | -0.2813 | 0.0090
45 | 59326 | -0.0024 | -0.1593 | 0.3685 | 1.1100 | -0.0961 | 0.0128 | -0.1572 | -0.0337
90 | 5.4079 | 0.0014 | -0.1784 | -0.8066 | 0.8488 | -0.1008 | -0.0024 | 0.0095 | -0.0671
135 | 53105 | -0.0111 | -0.1927 | -1.2652 | 1.2765 | -0.0874 | -0.0565 | 0.0513 | -0.0999
180 | 55436 | -0.0360 | -0.2154 | -0.9150 | 0.0757 | -0.0256 | -0.0887 | 0.2008 | 0.0126
225 | 58661 | -0.0428 | -0.2373 | -0.5791 | -1.4085 | 0.0620 | -0.0548 | 0.2175 | 0.0624
270 | 62030 | -0.0252 | -0.2417 | -0.1107 | 2.5141 | 0.0982 | 0.0523 | 0.0048 | 0.0122
315 | 63411 | 0.0010 | -0.1978 | 1.2131 | -16.448 | 0.0572 | 0.1427 | -0.1850 | 0.0102
360 | 63071 | 0.0089 | -0.1616 | 23319 | 1.1786 | -0.0181 | 0.0719 | -0.2813 | 0.0090

BucHoBku
Bukopucranns komm’rorepHoi nporpamu  KDAM 103Bojisie BH3HAUMTH — KIHEMAaTW4HI IMapamMerpu
MeXaHi3My 3 JBOMa KOPOMHCJIOBMMH TpyNamMH MallMH MOT&JIBHOIO BHPOOHHUIITBA, LIO JO3BOJISIE BU3HAYATH
KOOPJHMHATH, MPOEKLii MBUAKOCTEH Ta MPUCKOPEHb IIApHIPIB Ta TOYOK MPUETHAHHS JIAHOK JPYToi KyJliCHOI IpyIN
Acypa i, Ha 0a3i 1pOro, OOHWpaTH paIliOHANBHI TMapaMeTpH CTPYKTYPHUX JIAHOK MEXaHi3My Uil 3a0e3ledeHHs
HEOOXI1THOTO 3aKOHY PYXY OTBOPIB pOOOYHX €JIEMEHTIB MalIMH MOTaJIBHOI'O BUPOOHHUIITBA.
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