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MeTta. Bu3HaueHHS1 HABaHTa)XECHb B €JIEMEHTAaX POJIMKOBUX (DOPMYBAIBHUX YCTAHOBOK 3 PI3HHMU IIPHBOJHUMHU
MeXaHi3MaMH i3 BpaxyBaHHSM KOPCTKOCTI Ta KoeQillieHTa IMCHMNAIil IeperaBalbHOr0 MexaHi3My. MeToguka.
OO0’ €eKTOM JOCIiIKEHh 00PaHO POJIMKOBI (POPMYBAIBHI YCTAHOBKY 3 peKyllepaniiHuM IPUBOAHUM MEXaHi3MOM Ha JBa
(opMyBasbHI BI3KHM, EHEPreTUYHO BPIBHOBAXXCHMM IPUBOJHMM MEXaHI3MOM Ha TpH (OpMYyBajlbHI BI3KH Ta
BPIBHOBO)KEHUM TPHUBOJAHUM MEXaHi3MOM Ha YOTUPH (OpMyBajbHI Bi3kH. JIIs1 KOXKHOI 3 YCTAHOBOK pPO3PaxOBaHO
HABaHTAKEHHS B €JIEMEHTaxX IX KOHCTPYKILIH Ta MPUBOAY, OTPUMAHO 3aJISKHOCTI Tl BU3HAYECHHS 3YCHIUIS B IIATyHAX,
sIKe HeoOXiJHe IS TPUBEACHHS B 3BOPOTHO-TIOCTYNANBHHN pyX (OPMYBaJbHUX BIi3KiB, Ta HOPMAJIbHUX PpeaKIii
HaNpSIMHHUX PyXy (OPMYBaJBHMX Bi3KiB Ha HANpPSIMHI POJIMKM 3aJI€KHO BiJ KyTa MOBOPOTY KpHBOMIHMIB. Jlis
JIOCITI/KEHHSI HAaBaHTAKEHb Y KOXKHIM 3 YCTaHOBOK BHKOPHCTAHO JBOMAaCOBY JUHAaMIUHY MOJEINb, B SIKiii BpPaxOBaHO
CHJIOBI Ta 1HEpIiliHI XapaKTEPUCTUKH ITPUBITHOTO IBUTYHA 1 KOXKHOTO 3 ()OPMYBAJIBHUX Bi3KiB, )KOPCTKICTh MPUBITHOTO
MexaHi3My Ta Horo mucunamiro. PedyabraTtu. [ KOXKHOI 3 YCTAaHOBOK BH3HAU€HO (DYHKIIFO 3MiHH HEOOXiJHOIO
KPYTHOTO MOMEHTY Ha MPHBIAHOMY Baly KPHUBOILUIIIB JUIs 320€3II€UeHHS MPOLIECy YIIIJIbHEHHS BUPOOIB 3 OyIiBETbHUX
cyMmile i3 ypaxyBaHHsIM IMCHIIANil IPUBIIHOIO MEXaHi3My. 3a cepeqHiM 3HaYeHHSM MOMEHTY CHJI OMOpY 3a LUKI
TIOBOPOTY KPHUBOIIUITB KOXHOI 3 YCTAHOBOK BU3HAUEHO HOMIHAJIbHY PO3PAXYHKOBY HOTYXKHICTh, 33 SIKOIO BHOpaHO
€JIEKTPOJIBUTYH, MiiOpaHo 3’ €HyBaIbHI MY(QTH Ta penykTop. BukopucToByroun piBHsHHS Jlarpamka apyroro pony,
JUIL POJTUKOBOI (DOPMYBAJIBHOI YCTAHOBKHM 3 PEKyIepaliiHiUM, €HEepreTHYHO BPIBHOBR)XEHUM Ta BPiBHOBA)KEHUM
MIPUBITHAMH MeXaHi3MaMH, NPECTaBIICHOI JBOMACOBOIO THHAMIYHOIO MOJIEIUTIO, CKIIa/IEeHO AU(epeHIiaibHi piIBHIHHS
pyxy. HaykoBa HoBHM3Ha. B pe3ynbTaTi 4HMCIIOBOrO €KCIIEPUMEHTY IJISI KOXKHOI 3 YCTAHOBOK BW3HAUEHO 3HAUYCHHS
YKOPCTKOCTI ITPUBITHOTO MEXaHi3MYy, 3BEJCHOI 10 OCi 0OepTaHHS KPUBOIIMIIB, 32 SIKOTO CIIOCTEPIraroThes MiHIMAaJIbHI
HaBaHTAXXEHHS Y My(pTax IPUBITHOTO MeXaHi3My. BCTaHOBIIEHO 3aJIe)KHICTh MOMEHTY Y MY(Ti IPUBOAY BiJ| BETHIUHA
koeimienta aucunaii. [IpakTuuna 3Ha4ymicTh. BusHaueHO peKOMeHI0BaHy BETMYMHY KoedillieHTa Aucuarii s
KOYKHOTO 13 TIPUBITHUX MEXaHi3MiB POJTMKOBOI ()OPMYBAIILHOI YCTAHOBKH.

Knrouosi cnosa. pomukosa (popMyBajibHa YCTaHOBKA, IMPUBIAHUN MeXaHi3M, 3yCHIUIsI, MOMEHT, YKOPCTKICTb,
JTUCHIIALTIS.

Beryn. B ycraHoBkax poiukoBoro (GopMyBaHHS 3ai300€TOHHUX BUPOOIB IMij yac iXHBOT poOOTH
BUHUKAIOTh 3HAYHI JWHAMIYHI HAaBaHTOKCHHS B €JIEeMEHTaX NPHUBIIHOTO MEXaHi3My Ta B €lEMEHTax
dopmyBanpHux Bi3kiB [1-11]. He3Baxaroun Ha JOBOJI HMIMPOKE JOCTIHKEHHS TEXHOIOTIYHOTO MPOIECY
(bopMyBaHHs 3ai300€TOHHUX BUPOOIB Oe3BiOpalliitHuM ponukoBuM MeTomoM [1-4] moremep He Oyso
JOCITIDKEHO JUHaMIKy pyxy (OpMyBajbHOIrO Bi3ka Ta Il BIUIMB Ha mpoilec (GopMmyBaHHs. Majnao npumi-
JSUIOCh  YBaru peXuUMaM pyxy (GOpPMYBAIBHOIO Bi3Ka Ta 3yCHIUISIM, IO BHHUKAIOTh B EIIEMEHTaX
MPHUBITHOTO MEXaHi3MYy.

AHaJi3 JiTepaTypHHX IXKepeJ 3a TeMOI CcTaTTi. B ICHYIOUMX TEOpEeTHMYHUX Ta EKCIIepPH-
MEHTAIBHUX JOCTIDKEHHSIX MAIIMH POJUKOBOTO (OpPMYBaHHs 3a1i300€TOHHHX BHPOOIB OOTPYHTOBAHO
iXHI KOHCTPYKTHBHI MapaMerpu Ta MpOAyKTUBHICTH [1-4]. Pa3oM 3 THM HEIOCTaTHHO yBaru MPUILICHO
JOCII/DKEHHIO JIIOYHX JWHAMIYHMX HABaHTAXKEHb Ta PEXHMIB pyXy, IO 3HAYHOIO MIpOIO BIUIMBa€E Ha
pOOOTY YCTaHOBKHM Ta SIKICTh TOTOBOI mpoaykiii. ITig 4ac MOCTIHHUX MyCKOTAIbMIBHUX PEKHMIB PyXy
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BUHUKAIOTh 3HAYHI JUHAMIYHI HABAaHTAKECHHS B €IEMEHTaX MPHUBOJAHOTO MEXaHi3My Ta B elleMEHTax
(bopMyBaNBbHOrO Bi3Ka, 10 MOXKE MPHU3BECTH IO MEPEIYaCHOr0 BUXOMY YCTaHOBKHU 3 jaay [1-4]. Tomy
aKTYaJIbHOIO € 3aJ1a4a JOCTIDKEHHS TUHAMIYHUX HABAaHTA)XEHb B €IIEMEHTaX YCTAaHOBKH.

Jis  TiABMINEHHS TMPOMYKTUBHOCTI POOOTH 3 OJHOYACHMM 3HIDKCHHSM €Heprosarpar Ha
3a0e3MevYeHHs] TEXHOIOTIYHOr0 TPOIlecy YUIUTbHEHHs OETOHHOT CyMilli Ta pO3BaHTaXEHHS MPHBOJHOTO
MexaHi3My Oynio po3poO0JieHO YAOCKOHANEH! KOHCTPYKIII MPUBOTHUX MEXaHI3MIB POIUKOBHX (OPMY-
BaJIbHUX ycTaHOBOK [13-17].

Ha puc. 1 npencraBieHo polMKOBY (OpMYBalbHY YCTAHOBKY 3 PEKyNepalliiHUM TPHBOIOM, SKa
CKJIAJIA€ThCS 3 JIBOX crapeHux Bi3kiB [13], 110 MpHUBOASATBCS B 3BOPOTHO-TIOCTYMAIBHHUN PYX Bifl €IMHOTO
MPUBOMY, J0 CKIaay SIKOTO BXOJSTH JIBAa KPUBOIIMITHO-TIOB3YHHI MEXaHi3MH, KPUBOIIMITH SIKHX OPCTKO

3aKpiIUIeHi Ha OHOMY HPUBOJHOMY Baly i 3MillleHi Mixk co60t0 Ha KyT P 5 YcraHOBKa MICTUTB JIBa IPUCTPOI,

IO PO3TAlllOBaHi MO pi3HI OOKHM BIJHOCHO TPHBOMHOrO Bana. KoXHWI MpHCTpili MICTUTH 3MOHTOBaHI Ha
noptanax 5 Ta 12 ¢popmyBainbHi Bi3ku 6 Ta 13, sKi 3AiHCHIOIOTE 3BOPOTHO-TIOCTYNMAIBHUI PyX B HANPSIMHUX 4
Ha nopoxkHuHOI0 (hopMm 3 Ta 14. Bi3ok 6 cKIamaeThCs 3 MOAABAILHOrO OyHKepa 2 Ta 13 CIIIBBICHHUX CEKIIiH
YKOUYBATBHUX PONUKIB 1, BCTAHOBIICHMX B HANpSIMHHUX pyXy 4 3 po3mnoAuibunM OyHkKepoM. Taky camy
KOHCTpYKIIito Mae 1 popmyBanbHui Bi3ok 13. Bizku 6 ta 13 3 mpuBOAATECS B 3BOPOTHO-TIOCTYIATBLHHN PyX 3a
JIOTIOMOT'OF0 €JTMHOTO  TIPMBOJIA, BUKOHAHOTO y BUIJISII KPUBOIIMITHO-TIOB3YHHOTO MEXaHI3MY, KPHUBOIIUIIH

skoro 8 Ta 10 »opcTKo 3aKpiluieHi Ha MPUBOAHOMY Baiy 9, 3MillleHi MK cOOOI0 Ha KyT p2 Ta 3'€qHaHI 3

maryHamu 7 1 11, a maTyHu, CBOEKO 4eproro, 3’ €HaHi 3 Bi3kamu 6 i 13 BimmoBiaHo.
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Puc. 1. Poruxosa popmyeanvha ycmanosxka 3 peKynepayitiium npugooom

Fig. 1. Roller forming ingtallation with the recovery drive

Taka KOHCTpyKIIist (pOPMYBaJbHOI YCTAHOBKH Ja€ 3MOI'y IepeaBaTH CHEPrilo BiJl OJHOrO Bi3Ka,
SIKHI 3IIMCHIOE MPOILIEC TajJbMyBaHHs, A0 APYroro, sKMi B e MOMEHT 3iMCHIOE mpoiec po3rony. Jlis
VIITbHEHHS 3aJ1i300€TOHHUX BHUPOOIB HAa ONHIM TEXHONOTIYHIA JIiHII 3ampONMOHOBAaH] KOHCTPYKII.
ycranoBku [14] 3 posramryBaHHSM (OpPMYBAJIbHHX Bi3KiB MapajeibHO MK COOOK 3 OTHOro OOKY
MPHUBOJIHOTO BaJla 3 BUKOPHCTAHHIM BKa3aHOTO BUIE TPUBOJHOTO MexaHi3My. Ha puc. 2 HaBemeHo
pONMHMKOBY (OpPMYBANBbHY YCTaHOBKY 3 pEKyINepamiiHUM TMpHBOAOM sl (opMyBaHHS BHPOOIB 3
OyniBeJIbHUX CyMilllel Ha OJIHII TexHOMoriuHii miHil. @opmyBanbHi Bisku 6 Ta 9 (puc. 2, a) 3MOHTOBaHI Ha
noptaii 8 i 3AIMCHIOITh 3BOPOTHO-TIOCTYNAIbHUNA PyX y HampsMHUX 7 Haja nopoxauHooo (opmu 10.
dopmyBanbHHI Bi30K 9 CKIIaaeThes 3 mojaBanbHoro OyHkepa 11 ta i3 criBBiCHMX CEKIiH YKOYYBaJIbHUX
ponmukie 12. Taky camy KOHCTPYKIilO Mae ¥ iHmmMH Bi3ok. Bizku 6 1 9 mpuBOAATH y 3BOPOTHO-
MOCTYNANBHUI PyX 3a JOMOMOTOI MPUBOLY, BHUKOHAHOTO y BHIJISII JBOX KPHBOIIMITHO-TIOB3YHHUX
MexaHi3MiB, KpuBoIUnH 1 ta 4 sSKuX )KOPCTKO 3aKpirieHi Ha OJHOMY IIPUBOJAHOMY By 2 1 3MillleHI MiX

co6oro Ha kyr Dj =90°. Illarynu 3 Ta 5 mapHipHo 3’ €1HaHO 3 GOPMYBaTFHIMH Bi3kamu 6 Ta 9, a iHmMMu
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KiHIsIME — 3 KpuBomunamu 1 ta 4. Ha puc. 2, 6 300pakeHO KiHEeMaTH4HYy CXEMY POIUKOBOI (POPMYyBaILHOT
YCTAHOBKU 3 peKyIepaliiHuM TpUBOJOM Ui GOpMYyBaHHsS BUPOOIB 3 OyIiBENbHHX CyMmilleld Ha OJHIH
TeXHOJOr1uHii ninii. Ha il kinemaTtnuHiil cxemi ' — paaiyc kpuBommmiB 1 ta 4, | — nopxuHa maryHis 3
Ta 5; ] — KyToBa KOOpJMHATA MOJOKEHHS KPUBOIIKIIA TepIIoro Bi3ka; Dj — KyT 3MillleHHS KPUBOILIHITIB
11 4 mix coboro; Xz Ta Xp — KOOp/IMHATH HeHTpiB Mac Bi3kiB 9 Ta 6 BianoBimHo; b, Ta b, — KyTOBI

KOOPJMHATH, 1110 BU3HAYAIOTh MOJOKEHHS MIATYHIB 5 Ta 3 BIIHOCHO rOPU30HTAIII.

a (a) 6 (b)

Puc. 2. Porukosa ¢popmysanvra ycmanoska 3 pekynepayiiiHum npuso0om 0ist (popMyeanHst
3a1i300emonHUX UPOOIE HA 0OHIlI mexHono2iunitl ninii (@) ma i kinemamuuna cxema (6)

Fig. 2. Roller forming ingtallation with the recovery drive for formation of concrete goods
on one technological line (a) and its kinematic scheme (b)

Ha puc. 3, a 300paxkeHo ponukoBy (popMyBalbHY YCTaHOBKY 3 CHEPreTHYHO BPiBHOBa)KEHHM
MPHUBOJIOM, SIKa CKJIAJIAETBCS 3 HEPYXOMOTO IOpTally Ta TPhoX (popMyBaibHUX Bi3KiB, IO BUKOHAHI 3
MOXIIUBICTIO MPUBEJCHHS B 3BOPOTHO-TIOCTYMANBHUI PyX BiJl CIUTBHOTO MPUBOJA 3 TPHOMa KPHBOIIUITHO-
MOB3YHHHMHU MeXaHi3MaMH, KPUBOIIMITM SKUX >KOPCTKO 3aKpilJieHi Ha OJHOMY MPWUBOJHOMY Bamy i

3Mileni omuH BimHOCHOTrO iHmoro Ha kyr Dj =120° [15]. Bci dopMyBansHi mpucTpoi po3TamoBaHi

napajelibHO MK CO0OI0 3 OJHOr0 OOKYy IMPHBOIHOIO Baja JUIsl YIIUIbHEHHS OCTOHHOI CyMIIlll Ha OXHIN
TEXHOJNOruHi# minii. Ha puc. 3, 6 300paskeHo KiHeMaTHUHY CXEMY POJIUKOBOI (POPMYBaIbHOI YCTAHOBKHU 3
EHEPreTUYHO BPIBHOBAYKEHNUM TIPHUBOIOM.
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=
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Puc. 3. Ponuxoea popmysanvha yemanoska 3 eHep2emuyho 8pieHosadicenum npusooom (a)
ma it kinemamuyna cxema (0)

Fig. 3. Raller forming ingtallation with energetically balanced drive (a) and its kinematic scheme (b)
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Ha puc. 4, a 300pakeH0 poiauKoBY (HOpMyBajbHY YCTAaHOBKY 3 BPIBHOBR)KEHHM IIPHUBOJIOM, SKa
CKJIAJIAE€THCSI 3 HEPYXOMOI'O TOPTaNIy Ta YOTHPHOX (OPMYBAIBHHUX BI3KiB, [0 BUKOHAHI 3 MOMIJIHBICTIO
MPHUBEACHHS B 3BOPOTHO-TIOCTYMANBHUN pPyX BiJI CHUIBHOTO TPUBOJA 3 YOTHPMa KPHBOIIUITHO-
MOB3YHHHMH MeXaHi3MaMH, KPUBOIIMITM SKUX >KOPCTKO 3aKpillieHi Ha OJHOMY NPWUBOTHOMY Bamy i
3Mileni omuH BigHOCHOTO iHIIOro Ha kyr Dj =90° [16, 17]. Bei dopMyBanbHi mpHCTpoi po3TaroBaHi

napajielibHo MK CO0OI0 3 OJHOr0 OOKYy IMPHBOIHOIO Baja JUIsl YIIUIbHEHHS OCTOHHOI CyMIIlll Ha OIHIN
TEXHOJNOruHi# minii. Ha puc. 4, 6 300pakeHo KiHeMaTHUHY CXEMY POJUKOBOI (POPMYBaIbHOI YCTAHOBKHU 3

BPIBHOBa)KCHUM IPUBOIOM.
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Puc. 4. Ponuxosa popmysanvia ycmanoska 3 épisnosadicerum npueooom (a)
ma it kinemamuyna cxema (0)

Fig. 4. Raller forming ingtallation with the balanced drive (a) and its kinematic scheme (b)

VY poborti [12] BH3HA4YEHO HABAHTAXKCHHS B €IEMEHTAX POJUKOBUX (OPMYBAIBHHX YCTaHOBOK,
OJTHaK IIPH IbOMY HE OYJIO BPaxOBaHO KOPCTKOCTI Ta Koe(ilieHTa AUCUIIALI] MPUBOIHOIO MEXaHI3MY.

Meta. Meroto 1iei poOOTH € BU3HAYCHHS HABaHTAXKEHb B €IEMEHTaX POJIMKOBUX (POPMYyBabHUX
YCTAaHOBOK 3 PI3HUMHU TPUBOAHUMHU MEXaHi3MaMH i3 BpaXyBaHHSM JKOPCTKOCTI Ta KoedillieHTa Jucumnarii
nepenaBaIbHOTO MEXaHI3MY .

Metoauka npoBeaeHHs1 JocaigKeHb. [1in yac poboTH ponMKOBUX (OPMYBAIBHHUX YCTAHOBOK B
eNIeMEeHTaX TMepeaBallbHOr0 MEXaHi3My BiJ] €IEKTPOABHIYHA /O KPHUBOIIMIIIB BHHUKAIOTH 3HAYHI
JMHAMIYHI HABaHTA)KEHHsI, SKI TMPHBOAATH JO TEPEIYacHOr0 pPYHHYBaHHS €IEMEHTIB KOHCTPYKIIi
npuBoay. Po3risHeMO BH3HAYEHHS [HMX HABAaHTaXXEHb B YCTAHOBI 3 PEKyIepaliifHUM MPUBOTHUM
MexaHismMoM (puc. 2). JIas JOCHTiKEHHS HaBaHTa)KEHb BUKOPHUCTAEMO JIBOMACOBY JAWHAMIUHY MOJIENb
ponukoBoi QopmyBanbHOi ycraHoBku (puc. 5). YV wmiii moxeni npuifHATO Taki mo3HaueHHs: M, —
pYLIiHUI MOMEHT Ha Bally HIPUBOAHOTO €IEKTPOABUTYHA, 3BEAEHUI IO OCi MOBOPOTY KpHBOmMMIiB, M ,
— MOMEHT Bijl CHJI ONOpY IepeMilieHHs (OpMYBAIBHUX Bi3KiB 3 YKOUYBaJbHHMH POIHUKAMH 3BEJICHUH 10
oci MoBOpOTy KpuBommmiB, J , — 3BEJCHUIl OO OCi MOBOPOTY KPHBOIIMIIIB MOMEHT iHepIii poTropa
eJIeKTPO/IBUTYHA Ta EIEMEHTIB IPUBOAHOIO MeXaHi3My, J , — 3BeleHMH 10 OCi HOBOPOTY KPUBOIIMIIB
MOMEHT iHepuii (OopMyBaJbHHX BI3KIB Ta KpPWUBOLIMITHO-NIATYHHUX MEXaHI3MIB; ¢ — JOPCTKICTh

HPUBOHOTO MEXaHIi3My 3BelleHa 10 OCi NOBOPOTY KPHBOLIWIIB; j, Ta |, — y3arajbHEHi KOOpAWHATH

3BefieHuX Mac J ; Ta J , BIANOBIJHO.
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3Be/ieHni MOMEHT iHEepIlii TPUBOTHOI0 MEXaHI3My MOKHA BU3HAYHTH 32 3aJICXKHICTIO!
— 2
3.=(3,+3,)dx?, 1)
e Jp Ta JM — MOMEHTH 1HepIlii ABUryHa 1 My(TH, 0 3’ €HY€E BaJl JBUTYHA Ta BXIAHHMU Bal PEayKTOpaA,

BianoBimHO; d — KoedillieHT, 10 BPaXOBYE MOMEHTHU IHEpIlil €JIEMEHTIB PEIyKTOpa, 3BEACHHUX JI0 Baja
JIBUT'YHA; U — IepeaaBajibHe YHCIO PEAYKTOpa.

Jur Ju2
MH]( (/’1< C ((”7

]

Puc. 5. Junamiuna mooens ponuxogoi
Gopmysanvroi yecmanosku

Fig. 5. Dynamic model of roller forming installation

3BeneHUi MOMeHT iHepuii J , BH3HAYMMO 3 JIpyroi 4acTWHHM MexaHi3My (puc. 6), sika MICTHTbH
KPHBOIIMITHO-IIATYHHI MeXaHi3MHu 3 (OpMyBaJIbHUMH Bi3kamu. [IpudoMy Macy IIaTyHIB IMEpHIOro Ta
ApYroro Bi3KiB M, mopiBHYy moxumumo B Toukax A 1 B, ta A 1 B,. Toxi MoMeHT iHepIii KpUBOLIMITIB

BH3HAYAEMO 32 3aJISKHICTIO!
szzng+2x%w2=2>og+mﬂ>¢2, )
a MacH BI3KiB MATUMYTb BUTJISIL:
— m, . — m,
mg =mg + ;omg =mg 3
2 2
jie M, —Maca KOKHOro i3 matyHis; M¢, m¢ — maca nepmioro Ta apyroro GopMyBanbHUX Bi3KiB Bino-
BinHO; J¢ — MOMEHT iHepIlii KOKHOTO i3 KPHBOIIKITIB BiJHOCHO BJIACHOI OCi 00epTaHHs; I — pajaiyc Kpu-
BOLIMIIB, J —MOMEHT iHepLil KO)KHOT'O 13 KPUBOIIMIIIB 3 TIOJIOBUHOIO MacH IMIaTyHa BiZIHOCHO BJIACHOI OCi
o0epTaHHS; Mg , My —Maca [epLioro Ta Apyroro BI3KiB BIJIIIOBIIHO 3 IMOJIOBUHOIO MACH IIaTyHA.

3BefeHnii MOMEHT iHepmii J , BH3HAUMMO 3a YMOBM PIBHOCTI KIHETWYHUX EHEPTili KPHUBOIIMITHO-

IIATYHHUX MEXaHi3MiB 3 Biskamu T (puc. 6) Ta pyroro mcka munamiunoi Mozieni (puc. 5) T, Tobro T =T, .
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b
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a (a) 6 (b)

Puc. 6. Pospaxynkosa cxema HasanmaoiceHb Ha popmyeanviuil i30k (@)
ma Ha npueooHuil mexanism (6) yecmanosKku 3 peKynepayiiHum npusooom

Fig. 6. Settlement scheme of loads of forming cart (a)
and on the driving mechanism (b) of installation with the recovery drive
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3HalIeMo KiIHeTUYHY €HEpriio KPUBOLIMITHO-IIATYHHUX MEXaHi3MiB i3 Bi3KaMHU:

1 P 1 2
== += +=
T, 2><]K>1&2 Z%X&S 2>¢T‘IBZ><f( , 4
ne ¥y, Kg — UIBHIKOCTI LEHTPIB MAc MEPUIOro Ta ApYroro GopMyBaibHHUX Bi3KiB BiIMOBIAHO.
OckinbKu 00WIBa Bi3KH PYXalOThCs MOCTYNAIBHO, TO yCi IXHI TOYKH MalOTh OJHAKOBY IIBHJKICTb.
Tomy moxHa mpuitnsatd, mo ¥ =%, Ta X =%, . Bupasumo mmuakocti Touok B Ta B, uepes
KOOPJAMHATH KPHBOIIMITIB Ta iX MOXIiAHI 32 yacoM. J[jis boro CKOpI/ICTaeMOCI) 3QIEKHOCTSIMHU:
. :
=fo % =g, x = (5)
2 - ’ 2
i, ﬂ] 2
Toni 3anexHicTh (4) MaTUME BUTJISI

o aAx 60U U
T == >1& >eJ + ! . (6)
23 mBixQ'ﬂJ mBZ)%ﬂszaH
Kinernuny eHeprito Ipyroro Jucka Ha pHc. 5 OfaHO 3aJIeXHICTIO!
1 :
TM=EX]I'IZ>¢§' (7)
[TpupiBHIOIOYH 3aJIEKHOCTI (6) ta (7), 0TpHMyeMo'
ik, 60 1
—>1&>eJ+ B (== xJn>1&- 8
8 s >t;ﬂj 2 ﬂ ", Eﬂj H 2
3a piBHsAHHAM (8) 0TpUMy€EMO:
adixg 8 adixy 6
Jpp = J My s +m e s )
e'ﬂJ 290 e'ﬂl 2 g

JU1st BU3HAUEHHS 3BEACHOr0 MOMEHTY cuil onopy M, ckopucTaemMochk puc. 6, Ha SKOMY NPUHHSTO
Taki mosHaueHHa: F, ta F, —3ycumns B martyHax, HeoOXigHe Ul MOAOMAHHS CHJ ONOpY, IO JiI0Th Ha
Bi3KkH; D, Ta D, — KyTOBI KOOpAMHATH, 10 BU3HAYAIOTH MOJOXKEHHS MIATYHIB IEPLIOrO Ta JAPYroro Bi3KiB
BIZIHOCHO T'OPU30HTAII; JUIs Mepuoro ¢popmysaibHoro Biska Fy,, Fy, — ropusoHransHi cunm B3aemomii
YKOUYBaJIbHUX POJIMKIB 3 O6eToHHOW0 cymimmno; Ry, , Ry, —BepTHKanbHI CHIIN B3a€MOJIT yKOUyBaTbHUX
ponukiB 3 6eToHHOI0 cymimmio; N, N,, — HOpMaJbHI peakiii HanpsIMHUX PyXy (OPMYyBaJIBHOIO Bi3Ka

Ha Hanpsmui pomuku; Fr, =Ny X Frp = Ny, xf - — cunm TepTst HanpsiMHEX POJTMKIB 110 HAPSAMHKX

np !
pyxy dopmysanbHoro Biska; f, =~ —3Benenuil KoeillieHT TepTA HANPSAMHUX POJMKIB MO HANPAMHUX PYXY
¢dopmyBasbHOTO Bi3ka, G — cuia TsDKiHHS QopMyBanbHOTO Bi3Ka, &, b, P, € — TeoMerpuuHi po3Mipu
(¢opMmyBanbHOro Bizka; D — miameTp ykouyBajabHOrO ponuka; d — giamMerp HampssMHOrO poiuka; | —
noBxkMHA IatyHa. s apyroro ¢opmyBalbHOro Bizka cuioBi mapamerpu Fyi, Fu,, Ry Ry Ny,
N,,, F

2+ Fiarr Fips f,,» G Ta reomerpuuni xapakrepuctuku a, b, p, e, D, d, | 6ynyTs inentnymi.
Jns BuzHayeHHs peakuiil Hanpsmuux pomukiB N, N, N, ta N,,, a Takox 3ycuip y maTyHax
F, Ta F, posrnsHeMo cratuuHy piBHOBAry mnepIioro Ta Apyroro ¢popMyBaibHUX Bi3KiB. CIPOEKTYeMO BCi
CHJTH, 10 JiIOTh Ha KOXXHHW 3 Bi3KiB Ha KOOPAMHATHI OCci X i Y Ta CKJIAZEMO CyMy MOMCHTIB I[UX CHII
BiZiHOCHO To4oK B, Ta B, (puc. 6), y pe3yibTari 40ro oTpuMaemo:
JUTS TiepIoro (hopMyBaJIbHOTO Bi3Ka:
ié_ X =- Fxcosb, + Ny xf, + N, xf +Fy +F,, =0;

aY F>s|nb N11 N12'G+R011+R012:;

o d

a. _'Nn)(p'b)' N12>(p+b)'pr' (N11+N12)anp><§+
(F011+F )>9+R011>(p'a)+R012>(p+a):

(10)

——— ———
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JUTS Ipyroro (popMyBabHOIO Bi3Ka:
ié X =- F,>cosh, + Ny xf_ +N,, xf, +Fy, +F,, =0;

JIaY F,>sinb, - Ny - Ny, - G+Ry, + Ry, =0;

Mo d (11)
IaMBZ:' 21>(p-b)- 22>(p+b)-pr-(N21+N22)xfnpx§+
T
i (F021+F )>e+R021>(p-a)+R022>(p+a)=O.
Po3p’s3aBiu cucremu piBHsiHb (10) Ta (11), 3Haxomumo:
1 . N
Fl:COSb _f ssnb >‘gl:")on"'l:")olz' )xf + Fou t Foro s (12)
1 np 1
1 . N
= + Ry - G)xf +Fo + FooHs 13
2 cosb, - fnpxsian)‘gRom Ry ) 021 T Foaz (13)
é do do u
1 §R011>§%' a- fnp XEB+R012>§%+3- f XEE-U
AT d dou o
a Gxeb- f x—-+F sinb -p- fox=2
g ? p 2@ 1 l? p np ZQH
é do do u
N SRR SR
Nz =208 T T )
é-Gy?- fnp><—2+F2>sinb2>§)- p- fnprEE
e au
N11=R011+R012+F1>Sinb1' le' G; (16)
=R021+R022+F2>Sinb2' sz' G. (17)

Ha ocnoBi 3anexsocreii (12) Ta (13) 3Haiinemo MomeHTH cui omopy M, i M_, Bix koxHOro 3

(bopMyBaIbHUX Bi3KIB Ta CyMapHHUI MOMEHT CHJI oropy M ,, 3BeeHHuit 10 0Ci MOBOPOTY KPUBOIIUIIIB:

M, = Forcosal - j ,- b, 0= Fxrosin(j , +b,):; (18)
&2 @

M —F>¢>cosa¢—)-(' +D0j )- b,2=F,%xsin(j ,+Dj +b 19
02 12 82 Jz DJ 25_ DJ ) ( )
M, =M, +M_,=Fxsin(j,+b,)+F,xsin(j ,+Dj +b,). (20)

Bennuuny xytiB b, Ta b, MoXHa BU3HAUNTH 32 CIIBBiIHOIICHHAMH:
r>sinj ,=l>sinb;;  resin(j ,+Dj )=I>sinb,. (21)

3BigKu
b, = arcsmaaixsmjz_., b, arcsmaaixsn( Dj) : (22)
&l o &l o

BukopucroBytoun piBHsSHHS Jlarpanxa apyroro poay, cKiageMo TudepeHiiaibHi piBHIHHS PyXy
pPONMHMKOBO (POPMYBAILHOI YCTAaHOBKH 3 pEKyIEpalifHUM TPHBOAOM, MPEICTaBICHOI JBOMACOBOIO
JAHAMIYHOI MOJIEIIIO:

am _ar_q .
at, M., ¢ i, (23)
a m _Ir_qo W
at Mg, T, ¢ N,
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ne t —yac; T — KiHETHYHA CHEPris CUCTEMH; QJ o QJ .~ y3araJibHEHI CHJIH, IO BiAMOBIIAIOTh KOOPIH-

HaTaM j ; Ta j , BIiINOBiAHO; /] —NOTEHIIaIbHA HEPris CUCTEMH, sSIKa Ma€ BUTJISN
1 . . \2
H=E>@>(11'Jz) . (24)

Kinernyna eHeprisi CHCTEMH BUPaXKA€THCSI 3aJICKHICTIO!

A 2
1 ., 18 adlxg O aAXg, o
= >0n1>1&5+5>€>~h+%x9—.%++m32x@ 4&2 (25)
g &l .o &li. o
V3arajipHeHi CHIIM MAarOTh BUTJISI;
lezMnl; szzMHZ’ (26)

ne M , — pymiiiHuii MOMEHT Ha Bally IPUBOAHOIO EIEKTPOABUIYHA 3BECHUH MO OCi MOBOPOTY KPHBO-

IIMIa, SKUKA BU3HA4YaeThes 3a hopmysioro Kiocca:

20,
M ek [ 27)

nl ﬁ
1-F /
U
woeh

Tyr M., — xpurH4Hui (MakcuMamnbHUIT) MOMEHT Ha Bajy HPUBOAHOIO EIEKTPOIBHIYHA; U —

nepesaToYHe YKMCIIO IPHUBOJHOIO MEXaHi3My; 7, — Koe(illieHT KOPUCHOI Mii TPUBOIHOrO MEXaHi3My; W, —
CHMHXPOHHA KyTOBa WIBHJKICTb POTOpPA NPHBOAHOTO €IEKTPOABUIYHA; S, — KPUTHYHE KOB3aHH

CIICKTPOJABHUI'YHA, SIKC BUZHAYACTHCA 3AJIKHICTIO!
Sp =S, >(I ++/1 2 - 1) ,

ne | — kpaTHiCTh MAKCHMaJIbHOTO MOMEHTY €JICKTPOJABUTYHA (IIepeBaHTa)XyBaJbHA 3aTHICTh JBUTYHA);

S — HOMIHAJIbLHE KOB3aHHS CJIICKTPOJBUI'YHA, BU3HAYCHE 32 BUPA30OM.

H

S, = :
WO

Tyt W, —HOMIiHalIbHAa KYyTOBa IIBUAKICTE POTOPA IMPUBOIHOTO E€IEKTPOJBHUIYHA.

B3siBim moxijiHi Bii BUpa3y KIHETHYHOI €Heprii CHCTEMH, OTPUMAEMO:

M_y T _. 8 T Tx T T%0
—=0; ——= x— + ;
. )P ngmBi T, T’ ™ M. 1“2
T m_¢ X, 0 &k, 6U
—=J %, —=8) + — =+ —2 - U,;
RS LS T TR
) (29)
dq T dygr ¢ aé]XBlb aAXg, U
— =] ; ___:eJK+ — = + =Uu
a, R, T Ry, ™ Ry, o

2, & g 17X T 1%
+2'* <@ « Eﬁ+ o', B,
R, Ty,

[oNaNa’



80 Asmomamu3sauiss 8UpobHUYUX rpoyecie y MawuHobydysaHHi ma ripunadobydyeaHHi. Bun. 52. 2018

[Ticns nmincranoBku Bupasis (24), (26), (27), (12), (13) ta (20) B cuctemy piBHsHb (23) OTpHMaEMO:
2M XUy,

I‘]n1>f&1 ]& 'C>(j1'j2);
XA

e adix, 6 o, 60 €6 g TP T, T%, U
€0, e o S e, L Ol e, R e, xS (29
S T T Lt T L NI
. 1 , N
=C>(J 17 2)- COSbl- fnp@nblﬁRou"'Rou' G) xfnp+FOll+F012H>¢>gn(J 2+b1)'
1

- . >gl:\)ml"'l:\)ozz' )xf +F021+F2H>¢Xsm( +DJ +b)

cosb, - f >sinb,

PesyabTaTtu pociaimkeHb Ta ix o0roBopennsi. [ ponukoBoi (opMyBandbHOI YCTaHOBKH 3
napamerpamu [4]: r=0,2u; | =0,8w; ropusoHTajdbHI CHJIM B3aEMOIil YKOYYBAJbHUX pOJHKIB 3
OeronHoro cymimmmo Fy, =F,, =F, =F, =7962H npu 3xilficHeHHi nporecy yIIUIbHEHHS
(opMyBaJILHUM BI3KOM 3 JIBOMa YKOUYyBaJbHUMHU poiukamu paaiycoM R=0,11u OyniBensHOI cymimii 3
TaKUMU XapaKTepPUCTHKaMHU: BHcoTa BUpoOy — hy =0,22u , mupuHa Bupody — B =1164x ; Tun cymimi,
0 YIIUIBHIOEThCSI — APIOHO3EPHHMCTA CyMIlll; BOJOTICTh OeroHHOi cymimi — W =10%; mnorpiOHa
utineHicT BupoOy — K, =0,98; BenuumHa MakCMMalbHOTO KOHTAKTHONO THCKY, IO 3a0e3rnedye
kK, =0,98 mpu W =10%, 3a excniepumentanbuumu namumu P =625«/la; Ry, =Ry, =Ry =Ry, =
=9740H ; m, =64«e; r’r'g =r’r’@32 =1000«z ; fnp =0,008; D=0,22m; d=0,046m; a=0,27m;
b=0,37m; p=052u; e=0,21u; maca Bizka 3 NOJIOBMHOK Macu maTyHa My =m, =1032xz;
G =10124,9H 3a Bupazamu (12)-(20) Bu3HaueHo ¢yHKIIT Ta MOOyAOBaHO rpadikk 3MIHH peakiiil

HanpsiMHUX porukiB N, Np,, N, 1 N,, (puc. 7), 3ycumns B marynax F, i F, (puc. 8) Ta MoMeHTIB cHI

onmopy M, M, Ta M_, (puc. 9) 3anexHo BiJ KyTa HOBOPOTY KPHBOILIHIIIB.
4500 5000
T 4000 4 1 3 2 4 4000
g 2
£ 3500 | 3000
5 T
2 3000 = 2000
3 -
£ 2500 £ 1000
3 3 0
£ 2000 3 ] T 2n
£ 4 : 3 £ -1000
= 1500 T — P, — g
g /\ 3 o000
& 1000 3 -
-3000
500 1
-4000
0
0 b 2n -5000
KyT noBopoTy Kpusowwuna, pad KyTnosopoty Kpusolumna, pad
Puc. 7. I'paghixu 3minu peaxyiti HANPSIMHUX Puc. 8. I'paghix sminu 3ycunis 6 wamyHax
ponuxie N, (1), Ny, (2), N, (3) ma N,, (4) FE (1) ma F, (2) sanescno 6io kyma
3A1EIHCHO 810 KYyma NOBOPOMY KPUBOWUUNIE HOBOPOMY KPUBOWUNIE

Fig. 7. Schedules of changes of reactions of guides
rollers N, (1), N, (2), N,, (3)and N,, (4) depending
on an angle of rotation of cranks

Fig. 8. Schedule of change of effort in connecting rods K
(1) and F, (2) depending on anangle of rotation of cranks
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3a cepeaHiM 3HAYCHHSM 3BEICHOIO MO- 1400
MEHTY CHJI OTIOpPY 3a ITUKJI MOBOPOTY KPHBOIIHUIIA 1200
MIPUIHATO HOMIHAJIbHY pPO3PaxyHKOBY 1000 /\

><>/ |
N

N/ O\
O~
X /\
SN\
\VARR

noTyKHicTh nBuryHa [18]. 3a mumu maHuMH
BUOpAaHO ACHHXPOHHHH  €JIeKTPOABHUTYH i3

w /-
N

KOpOTKO3aMKHEHHM  poTropoM  cepii  4A e X

OCHOBHOro BuKoHaHHi 4A160S6Y3 [19] 3 e / \2
mapaMeTpaMu. w, =104,72 paolc 200 \/
w, =102,1 paol/c, W, = 94,95 paolc —

CHHXPOHHA, HOMIHAJIbHA Ta KPUTHUYHA IIIBUIKOCTI

MomeHt Mn2, H'm

<

<

o

2n

Kyt noBopoty kpusowwuna, pad

Puc. 9. I'paghix sminu momenmis cun onopy

obepramns poropa asuryHa; J, =0,138ke ' — M, 1), M, (2) ma M_, (3) sareacno

MOMEHT iHepui potopa JIBATYHA, 810 Kyma nosopomy Kpugowunie
M_=129,24H *uw  — TyCKOBHH  MOMEHT,
M =107,7 HXv — HOMIHAJIbHUI MO-MEHT, Fig. 9. Schedule of change of the moments of forces

! f res M, (1), M, (2) and M,, (3) dependi
M ,=2154H%w — KPUTMYHMA MOMEHT; of resistance M, (1), M. (2) and M., (3) depending

on an angle of rotation of cranks

M .
| =" =2,0 — BiIHOWIEHHA KPUTHYHOIO
MH

MOMEHTY 10 HOMiHanpHOro; S, =0,025 — HomiHanbHe KOB3aHHs enekrponsuryna; S, =0,0933 —

KPUTUYHE KOB3aHHS €JICKTPOJABHIYHA. Takox migiopano 3'eanyBansHy Mydpry MVYBIT [20] 3

HOMIHAJIbHUM MOMEHTOM, IO MepenaeThes, M =500 H xu 1 momenToM inepuii J, =0,32 ke xu’ Ta

M HOM
penyxrop L{2-400 3 nepenarounnm uncinom U =9,8 i momenrom inepuii J ,, = 0,046 ke xu’.

3HauYeHHsl TepIIoi Ta APYroi MepefaToYHruX (QYHKIIH Bi3KiB BU3HAYAIOTh 3a BHUpa3aMu (YHKILiH
3MiHHM KOOPJMHAT MEPIIOro Ta APyroro GpopmMyBalbHHUX Bi3KiB BianosiaHo (puc. 2, 6) [12, 18]:

Xg =T >C0S] , +|>cosh, ; (30)
Xg, =1>cos(j , +Dj )+ cosh, . (31)
3a piBHOCTsAMHE (21) MOXKHA OTPUMATH:
1
é i LR
sinb, = >sinj, ® cosb, =&l- Zeinj, 0 ; (32)
| T
1
é i LR
sinb, =ssin(j ,+Dj ) ® cosb, =&- Zoein(j ,+0)2q . (33)
| 6 &l 54
Bupasu cosb, ta cosb, moxna posknactu B psia 3a Gpopmynoro 6inoma HeroroHa:
1
é .. g 1 .6 1 .6
él-aaixsmj 22(; =1- —>§—>s|nj 22 -—>§—>smj 22 - (39
8 [ 24 2 &l g 8 gl g
1
é & . '3 1 . G 1 . 0
8- gsin(i .01 )2 g =1- ofsin(i,+D))2 - ofsin(i,+D)2 - (39)
g &l 24 2 gl g 8 él 1)

. r
BinHomenHs T JUIS POJIMKOBHUX (DOPMYBAIBHUX YCTAHOBOK 3 KPUBOUIMITHO-IIATYHHUMH TPHBOJI-

HAMH MEXaHi3MaMH HE IEePEBHUIIYIOTh %, i pagu (34) Ta (35) moBONMI MIBUAKO CXOIATHCSA, TOMY 3
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JIOCTATHBOIO /IS IPAKTUKU TOYHICTIO MOXKHA BIIKMHYTH TPETii Ta momanbin wieHu psai (34) ta (35).
Toni 3anexuocti (30) Ta (31) MAaTUMYTh BUTJISIT:

. e 1 U
Xg =I’>COS]2+|>@'].-—>§—>SIHJZ+ a; (36)
! 8 2 gl 24

2

Xg, =1 >C0S(j , +Dj +I>€L-—>§>sm +DJ) (37)

Q 'C\C/

3HauYeHHs MepIoi Ta Apyrol mepeaaTodHux QyHKiid 000X GopMyBaIbHUX Bi3KiB MATUMYTh BUTJISIL

.
2 )

ﬂXBZ__ é
57 67 r %xC0s(j +Dj)+ x0s2(j , Dj)H (39)

Y pe3yabTaTi YMCIOBOTO CGKCIIEPUMEHTY BCTAHOBJICHO, IO ONTHMAJIbHE 3HAYCHHS >KOPCTKOCTI

%:-ré%njz+§>sin2jzg; XBZ:-r>< in(j +DJ)+—>s|n2( +DJ)H (39)
x

—-r>§0051 2+ >cosZJ 2_,
@

MPHUBITHOTO MeEXaHi3My, 3BEACHOI J0 oci O0epTaHHS KPHBOIIUIIB, YCTAaHOBKH 3 peEKyIlepaliiHiuM

MPHUBOJIOM 13 HaBEICHMMH BUIIE IMapamMeTpaMH CTAaHOBUTH c=110000% . OnTumanpHe 3HAYEHHS

YKOPCTKOCTI MPHUBOAHOTO MEXaHi3My BH3HAYAIM 332 METOAMKOIO, OMMMCaHOoI0 B poborax [21, 22]. 3a mporo
3HA4YCHHS KOPCTKOCTI CIOCTEPIraloThcs MiHIMalIbHI HaBaHTAXXEHHS y MydTax npuBiHOrO MexaHizmy. Le
3HaYCHHS )KOPCTKOCTI BUKOPHCTAHO B HACTYITHUX PO3paxyHKax.

Jnst focipKeHHs TUHAMIKH PyXY POJHMKOBOI (JOPMYBalIbHOI YCTAHOBKH 3 YpaxyBaHHSIM JMCHITAI]
IpU MYCKOTaJIbMIBHHX PE&KUMax pyxy (OpMyBaJbHUX Bi3KiB cucteMy piBHAHB (29) Oyia0 JOMOBHEHO
BEJIMYMHOO qucHmnaiii npusoay K :
2XM Uy,

nl>f&l 'C>(jl'j2)'k>(j&l'j&2);
R

Sip 1- j&l%o

i
|
|
|
|
|
|
|
I
|
I
i
i
T~
i
i
i
i

é X, 6 € Mixy T°x s, T°%g U
&), +my g + -u>f& Ry xR My x_Ex (= (40
g mBle'"ng mBZXQ'"ng TP E RN, N . Ni’g 0
>( Jz)+k>(]g‘1 )'
1 , . ..
COSbl- fnp@nblﬁRon"'Rmz' )xf +F011+F12H>1’>45|n(j 2+b1)'
1

T-
f cosb,- f _>sinb,

>‘gl:")ozl"'l:")ozz' )xf +F021+F2H>1’>Sln( +DJ +b)

Po3p’s3aBmu cuctemy piBHsHb (40), BM3HAueHO Ta MOOYAOBaHO rpadiuHy 3alKHICTh 3MIHH

b . .
makcumanbHoro M, .. (puc. 10) Ta cepenHbOKBaIPATHIHOrO A/IMyq) (puc. 11) momenTiB y Mydri

3aJIeKHO Bij KoedilieHTa aucumaiii. AHanmi3 rpadikiB Nokasye, 0 MPH BCIX 3HAYEHHSIX KoedillieHTa

H>x H>x .
micumnanii B Mmexax Bim K=200—— gm0 Kk=10000—— 3MeHIIyIOTbCS MaKCHMajbHHI Ta
M M

" . H>x . . .
CepemHbOKBaIPATHUHIN MOMEHT, OHaK y Mexax Bix K =200 —— mo k =6000 i1e pi3ka 3MiHa, a
M

MOTIM TXHsI IJ1aBHA cTa0UTi3allis, sika Malke He BIUIMBAE HA 3MIHY TMHAMIKU PyXy YCTaHOBKH.
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3a cucremoro piBHsHb (40) po3paxoBaHO Ta MoOymOoBaHO rpadikd 3MIHM JAWHAMIYHOI CKJIaI0BOT

OPYKXHOTO MOMEHTY y MybTi M, (puc. 12) Ha AUISHII yCTaJCHOro PyXy 3ajJeXKHO BiJ 4Yacy MpH

Myd

. . H . . H .
3HAYeHHsX KoedirienTa nucunamii K = 2000—>@ (cipmii komip) Ta K =8000—>@ (qopHuii KOmTip). AHa-
M M

Ji3 nux rpadikiB mokasye, Mo 3a 3HauYeHb kKoedimienTa aucumnamnii npuBoxy K =2000—— nuHamivHa
M

CKJIaJIOBa MPYKHOIO MOMEHTY y My(dTi Ha ycTaleHOMY pPEKHMi PyXy 3MIHIOETbCS B MeXax Bif

M =-550Hxu nmo M =710 H*w. Ilpu 3HaueHHi koeQillieHTa AUCUIAII] TPUBOLY

My min My max

k =8000—— nuHaMiuHa CKJIaJ0Ba MPY)KHOrO MOMEHTY y My(Ti Ha YyCTaJCHOMY pPEKHMI PyXy
M
3MIHIOETECA B MeXKax Big M =-360 H ¥u o M

My min

=340 H %u .

My max

VI— Myyep, Hia

400} o .

* 45 .
390 . .

L]
380 . a4 .

370 ., 43 ‘e

360 ee., .
42 oo

Kuyps 22
2000 4000 6000 8000 10000 ¥ w Kuyep: 2
0 2000 4000 6000 8000 10000 ¥ M

Puc. 10. I'paghix 3minu MaxcumanbHO20 MOMEHNLY

M wypmax Y My@mi 3anedicno 610 koegpiyichma oucunayii

Fig. 10. Schedule of change of the maxi mum moment
M in the coupling depending on dissipation

My max

coefficient

Puc. 11. I papix sminu cepeOHbOK8a0pamuiHo20 MOMEHMY

M wypy Y Mymi 3anedicro 6i0 Koeiyienma oucunayii

Fig. 11. Schedule of change of the mean sguare moment
M. inthe coupling depending on dissipation

myd
coefficient

Ha puc. 13-15 naBeneno rpadiuni 3a1exHOCTI ((j ) (- j&z)), ((j&l- i), (&, - ﬁ&z)) Ta
((j ) (- ﬁ&z)) Opy  3HAYCHHsAX Koedimienta mucumarii K = 2000 Hx (cipuii komip) Ta
M

Hx
M

k =8000 (qopHwMii KomTip) BiAMOBiAHO. AHaNI3 X rpadikiB MoKa3ye iX OAHAKOBUII XapaKTep 3MiHH,

X aMILTITY/1a 1o Oci abcuuc Ta Mo oci
M

OJIHAK 3a 3Ha4YeHHs Koedirienta aucumaitii mpusoxy K= 2000

. . H>x
opauHaT Ma€ Oible 3HaYeHHs, Hix mpu K =8000 —— .
M

3a OMMCaHOI BHIIEC METOAMKOI 3a aHaioriero 3 Bupazamu (12)—(17) orpumano (yHKIii 3MiHH
3ycuib Y MIATYHAX Ta HOPMaJBHUX peaKiliii HanpsMHUX PyXy GOpMyBallbHUX Bi3KIB Ha HANPSIMHI POIHUKH
3aJIeKHO BiJI KyTa IOBOPOTY KPWBOIIWIIA JUIS PONUKOBHX (OPMYBAIBHHX YCTAaHOBOK 3 EHEPIeTHYHO
BpIBHOBR)XEHUM TPUBOJOM Ha TpH (HOpMYBasbHI Bi3KM Ta YCTaHOBKH i3 BPIBHOBa)XEHHM MPHUBOJOM Ha
qotupu (opmyBanbHi Bizkd. [li 3ycwis B maryHaX Ta HOPMallbHI peakiii HaNpsIMHUX PYyXy
(dhopMyBaIbHUX Bi3KiB Ha HANIPSAMHI POJIMKH aHAJIOT1YHI TUM, 10 300paskeHi Ha puc. 7 Ta 8.
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3a anasoriero 3 Bupazamu (18)—(20) orpumano GyHKINT 3MiHE MOMEHTIB CHJI OITOPY JUTSA KOJKHOTO 3
(hopMyBaJIbHUX BI3KIB Ta CyMapHHUH MOMEHT CHJI ONOPY, 3BEICHHUI 10 OCi MOBOPOTY KPHBOIIMUIIIB, IS
POIMKOBUX (POPMYBAJILHUX YCTAHOBOK 3 €HEPreTHYHO BPIBHOBAXKCHUM IMPHUBOJIOM Ha TpH (HOpMYyBalIbHI
BI3KM Ta YCTaHOBKM 3 BPIBHOBAKCHHUM IPUBOIOM Ha 4YoTHUpuU (opMyBalibHI Bi3kd. ['padiku 3MiHU
MOMEHTIB CHJI OIOPY JUIS KOXKHOIO 13 (hOpMYyBaJIbHUX BI3KIB Ta CyMapHUH MOMEHT CHJI ONOPY BKa3aHUX
YCTaHOBOK 300pakeHo Ha puc. 16 ta 17.

Muyep, HM A, padlc

AARL
\fv v \f

1 U

Puc. 12. I'paix 3minu ounamivnoi cknadoeoi npyjicno2o  pyc. 13. Tpaghiuna sanexcricmo ((] - 2), (,&1 - J&z))
Momenmy y mygpmi M, 3anedicro 6i0 uacy

500

—

Fig. 12. Schedule of change of a dynarmic component Fig. 13. Graphic dependence ((J i) (By- j&z))
of the elastic moment M, in the coupling depending
ontime
A, padic? Ag, padlc?

)

\ A, pad

0.002 0.003

Ag, padlc

005 -0.003 -0.002 -0.0

~
7

Puc. 14. I'paiuna 3anedxcnicmo ((1&1 - £,). (B - B, )) Puc. 15. I'pacpiuna 3anedxcnicmo ((j ) (B - By ))

Fig. 14. Graphic dependence ((§, - £.). (&, - &.)) Fig. 15. Graphic dependence ((§, - £.). (&, - &.))

Amnamni3 rpadikiB Ha puc. 9, 16 ta 17 nokasye, 1110 MAaKCUMaJIbHE 3HAYCHHS MOMEHTY CHJI OIIOpPY IS
KO)KHOTO 3 (pOPMYBaJIbHMX BI3KIB B YCTaHOBII 3 PEKyIepamiiHUM, €HEPreTHYHO BPIBHOBAXKCHUM Ta
BPIBHOBAXCHUM NPHBOJHUMHU MeXaHi3Mamu ctaHoBuTb M . =734,5 H Xu, a cepenHe 3HA4YEHHS

MPOTATOM IHKITYy podotn — M =452,4 H Xu. MakcuMajbHe 3HAUEHHS CYMapHOTO MOMEHTY CHJI

olcep
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ONOpY YCTAaHOBKM 3 PeKylepaliiHuM npuBoaoM craHoButb M ,.. =1186,2H Xu, a cepeHE 3HAUEHHS

[LOT'O MOMEHTY TMPOTATOM IHUKIY POOOTH YCTAaHOBKHM Ma€ 3HadeHHs M =904,8 H xu . 3 HaBeneHOro

n2cep

BHUIIE MOJKHA 3pOOMTH BHCHOBOK, IIO MTPH 3aCTOCYBAaHHI peKylepamiiHoro NpuBoAy Ha J1Ba GOpMyBalbHi
BI3KH Cepe/HE 3HAYCHHS CyMapHOTO0 MOMEHTY CHJI ONOpY Ha KOXHHU (OpPMYyBallbHHI BI30K CTaHOBHTH

M =452,4 H xu, mo nopiBHIOE 3HaYeHHIO M a MaKCHMaJIbHE 3HAYEHHS CYMapHOrO MOMEHTY

k cep olcep !

CHJI OIOpY Ha KOKHHMH (hopMyBanbHUIA Bi3ok cTaHOBUTH M, ., =593 1 H Xu, mo B 1,238 pa3y meHme

nopiBasiHO 3 M

olmax *
1600 2500
4
1400 - 5
1200 2000
;0 V V N N N\ N\ N\
T 1000 T
~ ~ 1500 v \4 4 \
5 800 5
':E 3 1 2 3 1 2 £
T gop - v 1000
H H
S 5 4 1 3 4 2 3 1 2
= 400 =
500 - 2 4
200
2 3 2 3
0 0 T 2n 0 0 T 2n
KyT noBopoTy KpuBowwMna, pad KyT noBopoTy KpuBowwMna, pad
Puc. 16. I'paghixu sminu momenmie cun onopy Puc. 17. I'paghixu 3minu momenmie cun onopy
neputozo — 1, opyeozo — 2, mpemvoco — 3 8i3ki6 neputozo — 1, opyeozo — 2, mpemvoco — 3,
i cymapno2o momenmy cui onopy — 4 3anexncHo uemeepmo2o — 4 6i3Ki6 i CyMapHo20 MOMeHNTY
810 Kyma nosopony Kpueowuna ycmaHoeKu cu onopy — 5 3anedxcHo 6i0 Kyma nosoponty
3 eHeP2eMUYHO BPIBHOBANCEHUM NPUBOOOM KPUBOWUNA YCMAHOBKYU 3 BPIBHOBAICEHUM NPUBOOOM

Fig. 16. Schedules of changes of the moments of forces Fig. 17. Schedules of changes of the moments of forces

of resistance of thefirst — 1, the second — 2, of resistance of thefirst — 1, the second — 2, the third — 3,
the third — 3 carts and the total moment of forces the fourth — 4 carts and the total moment of forces of
of resistance — 4 depending on an angle of rotation of resistance — 5 depending on an angle of rotation of
cranks of ingtallation with energetically balanced drive cranks of ingallation with the balanced drive

[Tpu bOMy JUIS1 YCTAaHOBKH 3 €HEPTeTHYHO BPIBHOBAKEHUM MPHBOAOM Ha TPHU (POPMYBAIBHI BI3KH
MaKCHMaJIbHE 3HAYeHHs CyMapHOIO MOMEHTY CUJI Omnopy cTaHoBuTh M , . =14758 H Xu, a cepenHe

3HAYCHHS BOrO MOMEHTY NPOTATOM UMKIY POOOTH YCTaHOBKM Mae 3Hadenns M, . =1357,2 HXu .

Tobto mpu 3acTocyBaHHI €HEPreTHYHO BPIBHOBAYKEHOTO MPHBOAY Ha TpU (OpPMYyBallbHI BI3KU CEpeiHE
3HaYCHHS CYMapHOrO MOMEHTY CHJ ONOpy Ha KOKHHH (QOpMyBambHHH Bi30OK CTaHOBHTH

M =452,4 Hxu, a MakcMMajJbHE 3HA4YCHHS CYMapHOr0O MOMEHTY CHJI OINOpy Ha KOXXHUH

k cep

dopmyBanbHuii Bi3ok craHoBUTh M, . =491,9 H xu, mo B 1,493 pa3y menuie nopiBHsiHo 3 M ;.. .

Jnsi yCTaHOBKHM 31 BpPIBHOBKCHMM NPUBOJIOM Ha YOTHPH (OPMYBaIbHI BI3KH MaKCHMajbHE
=2011,2 H %u, a cepeJHE 3HAUCHHS [IbOTO

=1809,6 H xu. Tobro mpwu

3HAYEHHsI CYMapHOTrO MOMEHTY CHJI ONOpy CTaHOBUTb M,

MOMEHTY MPOTATOM LHMKIY POOOTH YCTaHOBKM Mae€ 3HadeHHs M, o

3aCTOCYBaHHI BPIBHOBaXEHOT'O MPHBOAY HA YOTUPH (HOpMYBaNbHI BI3KH CEPEIHE 3HAYCHHS CyMapHOTO

MOMEHTY CHJI ONOpY Ha KOXHHiH (popMyBaibHHI Bi3oK craHoBUTH M,  =452,4 H Xu, a MakcuMaibHe

k cep
3HAYCHHA CyMapHOro MOMCHTY CHUJ1 ornopy Ha KOXKHUH (I)OpMyBaJIBHI/II‘/'I Bi3OK CTAaHOBUTH

M =502,8 H %u , mo B 1,461 pa3iB MeHIe mopiBHsHO 3 M

k max olmax *

OtpumaHi pe3yiabTaTH pO3paxyHKIB cepenHboro M Ta MakcumanpHoro M, ..~ 3Ha4YeHb

k cep
CyMapHOro MOMCHTY CHUJI OIIOpY Ha KOKHHI (I)OpMyBaJIBHI/II‘/'I BI30K YCTaHOBOK 3 KPUBOIIUITHO-IIOB3YHHHUM
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MPHUBOJIOM Ha OAWH (popMyBalbHHI BI30K, pEKyIepaliiHUM NPHBOJAOM Ha JBa Bi3KH, EHEPreTHYHO
BpIBHOBQYKEHUM TPUBOJOM HAa TPH Bi3KM Ta BPIBHOB2)XEHHUM MPUBOJOM Ha YOTUPU (OPMYBAIbHI Bi3KH
HaBeZieHO B Ta0u. 1. Ha ocHOBI manmx Ta0m. 1 moOyqoBaHO TicTOrpaMyd 3MIHM MaKCHMAaJIbHOIO 3HAYCHHS
CyMapHOTO MOMEHTY CHJI OTIOpY Ha KOKHUH (OpMyBallbHUIA Bi30K 3aJIKHO BiJl KUTBKOCTI )OPMYyBalIbHIX
BI3KiB B YCTaHOBIII, TOOTO Bijl BUAY MPHBOAHOTO MexaHi3my (puc. 18).

Amani3 nanux tabn. 1 Ta ricrorpam Ha pric. 18 nmokasye, mo cepeiHe 3Ha4YeHHS CyMapHOT0 MOMEHTY CHIT
OIOpy Ha KOKHHH (OpMyBaJibHUH Bi30K € OJHAKOBUM B YCIX BKa3aHMX YCTaHOBKaX, a MIHIMyM
MaKCUMAJILHOTO 3HaYEHHSI CyMapHOTO MOMEHTY CHJI OIOpY Ha KOXHHUH (POpMYyBaIBLHUIN Bi30K CIIOCTEPIra€ThCs
B YCTaHOBIIi 3 CHEPreTHYHO BPIBHOBAYKCHUM MPUBOIHAM MEXaHI3MOM Ha TP (OpMYBaJIbHI Bi3KH.

Tabnuys 1
PesynbTaTtu po3paxyHkis
Table 1
Results of calculations
VCTaHOBKA 3 KUIBKICTIO Bi3KiB
1 2 3 4
M, ., Hx 4524 4524 4524 4524
My e » HXM 734,5 593,1 491,9 502,8

KinpkicTe Bi3KiB B YCTaHOBII: 1— ycTaHOBKa 3 KPHBOLIMITHO-IIOB3YHHHMM NPHUBOJIOM HAa OJMH Bi30K; 2 —
YCTaHOBKA 3 PEKyIepalliifHUM MPHUBOJIOM Ha JIBa Bi3KH; 3 — yCTAHOBKA 3 €HEPIeTUYHO BPIBHOBAYKEHUM IIPHBOJIOM Ha
TpH Bi3KH; 4 — yCTAaHOBKA 3 BPIBHOB&KEHUM MPHUBOJIOM HA YOTHPH Bi3KH.

800 Y pe3ynbTaTi YHCIOBOTO EKCIIEPHUMEHTY

700 BCTAHOBJICHO, IO OINTHMAJbHC 3HAYCHHSA XKOPCT-
600

KOCTI TPHBIJHOTO MeXaHi3My, 3BeleHOi 10 oci
500 o0epTaHHS KPHUBOIIWITB, YCTaHOBKH 3 €HEp-
400 TeTUYHO BPIBHOBAXCHUM IPHBOJIOM CTaHOBUTh
300 .
200 c=150000% , @ JJI1 YCTaHOBKM 3 BPIBHO-
100 BaXXCHUM TPUBOJOM — c=200000% . Om-
0

1 2 3 4

TUMaJIbHE 3HAYEHHS YKOPCTKOCTI MPHUBITHUX MeXa-
HI3MIB IIUX YCTAHOBOK BH3HAYAJIH 32 METOAUKOIO,

MomeHT, H'Mm

KinbKicTb popmyBanbHUX BisKiB

Puc. 18. l'icmozpamu 3minu MaxcumansHo2o onucanow B podorax [21, 22]. 3a umux 3HaveHb

3HAYEHHS CYMAPHO20 MOMEHNY CUI ONOPY )KOpCTKOCTi CHOCTepiFaIOTBC;[ MiHIMaJIbHI HaBaH-
HA KOJHCHU (DOPMYSANbHUILL BI30K 3ANEHCHO TakeHHsT y My(Tax NpUBITHMX MexaHi3miB. Lli
810 Kinbkocmi 6iskie 8 yemanosyi (610 6udy npueooy) 3HAUEHHS JKOPCTKOCTI BHKOPHUCTAaHO B po3pa-

XyHKax JMHaMiKd YCTaHOBOK 3 CHEPreTUYHO
BpIBHOBA)KEHUM Ta BPIBHOBaXCHUM IIPHBOJIAMH.
3a OmMCaHOI BUILE METOAUKOI 3a aHa-
jorieio 3 BupazoM (40) CKITageHO CHCTEMH
nrdepeHIialbHIX PIBHSAHD PYXY U POJHKOBUX
(opMyBaIbHUX YCTAHOBOK 3 €HEPreTHYHO BPIBHOBXKEHHM NPUBOJOM Ha TpH (HOPMYBaIbHI BIi3KH Ta
YCTAaHOBKMA 3 BpPIBHOBXCHWM TMPHBOAOM Ha YOTHPH (QOpMyBaibHI Bi3kHM. PO3B’s3aBIIM 1Ii CHCTEMH

Fig. 18. Histograms of change maximum
values of the total moment of forces of res stance
on each forming cart depending on the number
of cartsin installation (froma type of the drive)

pIBHSHB, BH3HAYEHO Ta TIO0yZOBaHO rpadivuHi 3aleKHOCTI 3MIHM MaKcUMallbHOro M Ta

My max

CepeIHbOKBAAPATUIHOTO M wyp MOMCHTIB y My(QTI 3aJIeKHO Bia KoedillieHTa AMCHUIIAIIT JUIS YCTaHOBOK 3

p

eHepreTnyHo BpiBHOBaXkeHUM (prc. 19) ta BpiBHOBaxkeHHM (pric. 20) NPUBOAHUMHU MEXaHI3MaMH.
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Amnani3 rpadikiB Ha puc. 19 Ta 20 mokasye, o sl YCTAHOBOK 3 €HEPTeTUYHO BPIBHOBAKEHUM Ta
BpPIBHOB&)KCHUM IPHBOJHMMH MeEXaHI3MaMH 3a BCIX 3HAa4YeHb KoedillieHTa IuCHIaIii B MeXaxX Bin

Hx Hx . .
k=200—— nmo k=15000 —— 3MeHIIYIOThCS MaKCHUMAaJbHHU Ta CEPEIHbOKBAIPATUYHUI MOMEHT,
M M
. Hx Hx . . . . N
onHak B Mexax Bim k=200 —— nmo k =8000 BiIOYBA€ThCS pi3Ka 3MiHA, a MOTIM — iXHS IUIaBHA
M

cralimizanis, sika Maike He BIUIMBAE Ha 3MiHY TUHAMIKUA PyXy YCTaHOBKH.
Buxomsum i3 cucreM audepeHIiadbHUX PiBHSIHB, aHamoriuaux cucremi (40), mas ycTaHOBOK 3
CHEPreTUYHO BPIBHOBAKEHMM Ta BPIBHOBAXKCHUM IPUBOJHHUMH MEXaHI3MaMH pPO3PaxOBaHO Ta

noOymoBaHO rpadikyd 3MiHM JUHAMIYHOI CKJIaJ0BOI MPYXKHOrO MOMeHTY y mydri M, (puc. 21) Ha

Myd

. . . . Hx ,.
JUISHIN yCTAIEHOro PyXy 3aJeXHO B 9acy MpH 3HaYeHHsX Koedimienta aucumaiiii K = 2000 —— (cipwmii
M
. Hx . . . .. . .
komip) Ta K =8000—— (wopHuii koiip). AHaii3 1ux rpadikiB mokasye, 1o Ipu 3HaUYeHHI KoedimieHTa
M

Hx . .
mucunanii npuBoxy K =2000—— guHaMiuHa CKIAJ0Ba MPYKHONO MOMEHTY y My(Ti Ha yCTaleHOMY
M

POKHUMI PyXy YCTAaHOBKM 3 EHEPreTHYHO BPIBHOBAXXCHUM IIPHBOJOM 3MIHIOETHCS B MEXKax Bij
M =-1230 H %u g0 M

wyprin =1100 H Xu, a yisl yCTAHOBKM 3 BPIBHOBAXXCHUM IPHUBOJIOM IIsI 3MiHa

My max

BiIOYBa€eThC B Mexax Bim M =-138 Hxu nmgo M =138 H *xu . 3a 3HadeHHs KoedilieHTa

Myd min My max

Hx . .
mucunanii npuBoxy Kk =8000—— npuHamiuHa CKJIagoBa MPYXKHOTO MOMEHTY Yy MY(Ti Ha yCTaleHOMY
M

POKHUMI PyXy YCTAaHOBKM 3 EHEPreTHYHO BPIBHOBAXXCHUM IIPHBOJOM 3MIHIOETBCS B MEXKax Bij

M =-600 H>*u no M =560 H *u , a JuId YCTAaHOBKU 3 BPIBHOBa)XCHUM IPUBOJIOM ISl 3MiHa

My min My max
BifOyBaeThest B Mexkax Bit M, . =-66 Hxu no M, . =66 Hxu.
MMym waxs HM MMJ@’ Hm
680 %2
660 90
640 88
620 86
600 a4
H
kMyzp:_ k He
2000 4000 8000 8000 10000 12000 14000 M yes
0 2000 4000 6000 8000 10000 12000 14000 M
a (a) 6 (b)

Puc. 19. I'paghixu sminu maxcumansrnozo M e ma (@) ma cepeonvoxsadpamuuno2o M o (6) momenmie y mypmi

3a1e2CHO 10 Koehiyienma oucunayii ycmaHnoeKu 3 eHepeemuyo 8PiBHOBANCEHUM NPUBOOOM

Fig. 19. Schedules of change maximum M, ma (8) and the mean square A%’Myq) (b) momentsin the coupling
depending on coefficient of dissipation of installation with energetically balanced drive
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Muyg wax, HM Muyp, Hm
b -
&0 11.0 | o
. -
-
-
-
75 105 -
-
-
-
-
10.0 -
70 -
-
-
-
9.5 —
—
65 “e—
—
T
kMJ/fZJ'H_D 9.0 —— K He
2000 4000 8000 8000 10000 12000 14000 M Myg:
0 2000 4000 6000 8000 10000 12000 14000 M
a(a) 0 (b)

Puc. 20. I'pachixu sminu maxcumanono2o M ma (@) ma cepeonsokeadpamuunozo M wo (©)

MOMEHMIB Y MYymi 3a1e)HCHO 6i0 Koepiyichma oucunayii yCmanosKu 3 8PIBHOBANCCHUM NPUBOOOM

Fig. 20. Schedules of change maximum M, ma (8) and the mean square M wo () momentsin the coupling
depending on coefficient of dissipation of installation with the balanced drive

Moy, HM My, Hu
e 150}

S AANAN

AR L
SIAIATATATAR TN

pARRARRE

-150+
a (a) 6 (b)

Puc. 21. I'pachiku sminu Ounamiunoi ck1adosoi npyswcrnozo movenmy y mygmi M ., 3a1€4CHO 610 uacy ycmanosok

[Ts]
——

L0,
———

[£s]
f__._..-m-
=

'-'--_.___‘_\

3 enepeemuyno episnosadxcenum (@) ma epienosascenum (0) NPUBOOHUMU MeXAHIZMAMU
Fig. 21. Schedules of change of a dynamic component of the elastic moment in the coupling M, depending on
time of ingtallations with energetically balanced (a) and counterbalanced (b) driving mechanisms
Ha puc. 22-24 uaBeneno rpadiudi 3aaeKHOCTI ((j ) (- j&z)), ((]&1 - 1,), (B - ﬁ&z)) Ta
((] 1 ), ( F&l - F&z)) JUTsL YCTAHOBOK 3 €HEPreTUYHO BPIBHOBAYKCHUM Ta BPIBHOBAKEHUM MPUBOJTHAMH MeXa-

(4opHwmii KoIMIp)

Hi3MaMu 3a 3Ha4YeHb Koedimienta mucumnarii K =2000 —— (cipwmii komip) Ta k =8000
M

BIIIIOBITHO.
Amnani3 nux rpadikiB IoKazye OJHAKOBUI XapakTep IXHbOI 3MiHHM, OJTHAK 33 3HAYCHHS KOe]illieHTa

Hx
M

X aMIUTITYZIa 1O OCi a0CHIKC Ta 10 OCi OpAMHAT Ma€ OlIbIle 3HAYCHHS

mucunarii mpuBoxy K = 2000

i riput k =80007€ .
M
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A, padlc A, padlc

0.010

\ 0005\
— AP, pad A ad
004 . p .00030.00020.0001 0.0001@.00020.000 . p
0.005 |

-0.010

a (a) o (b)
Puc. 22. I'paghiuni saresxcnocmi ((j 17 2), (1&1 - j&z)) VCMAHOBOK

3 eHepeemuuno episHosadicenum (a) ma epienosadxcenum (6) nPUSOOHUMU MEXAHIZMAMU

Fig. 22. Graphic dependences ((j ;- j »), (i% - jé,)) of installations with energetically balanced (a)
and counterbalanced (b) driving mechanisms
AP, padic? AP, padlc?

-0.415 -0.010 %0.005 0.005f 0.010 O, 15‘ﬂ¢’ padie
—02l

a (@) 6 (b)
Puc. 23. I'paiuni 3anexcrocmi ((J&l - &), (i% - J&%)) YCMano8ox

3 eHepeemuuno gpisHosadxcenum (a) ma epienosaxcenum (6) nPUEOOHUMU MEXAHIZMAMU

Fig. 23. Graphic dependences ((j& - j¢,), (& - j&)) of installations with energetically balanced (a)
and counterbalanced (b) driving mechanisms
A, padic? A, padic?

06+
4
04+
2 02l

44, pad

— Ag, pad -0.00030.00020.0001 0.00010.00020.0003

-0.004 -0.002 0.002 0.004 02

-2 -04t

o8|
a (a) o (b)
Puc. 24. I'paiuni 3anesxcrocmi ((J 171 2), (i% - j@))ycmaHoeok

3 enepeemuyno episnosaxcenum (a) ma epienosascenum (0) NPUBOOHUMU MeXAHIZMAMU
Fig. 24. Graphic dependences ((j 171 2), (% - J&g)) of installations with energetically balanced (a)
and counterbalanced (b) driving mechanisms
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Amnanizytoun rpadiku Ha puc. 12—15 ta 21-24, npociniAKOBYEMO BIIXUICHHS MK MIHIMaJIbHUMH Ta
MakCHMaJbHUMU 3HAYCHHAMH 3MiHM JTMHAMIYHOI CKJIQI0BOi MPY)KHOro MOMeHTy y mMydpri DM ., Ha

KOKHUI (opMyBajbHHI Bi30K Ta 3MiHH PI3HHIb KyTOBHX KOOpJHHAT D(j 1- 2) , KYTOBUX IIBUIKOCTEHN

D(f, - §,) i xyroux mpuckopens D(f, - f,) y mydprax mnpu smavennsx koediuienta aucnmanii

Hx Hx . .
ta k=8000—— ycraHOBOK 3 peKymepamiiHiuM MPUBOJAOM Ha jJBa (HOpPMYyBajbHi Bi3KH,
M M

CHEepPreTHYHO BPIBHOBAXEHHUM TNPUBOJIOM Ha TPH BI3KM Ta BPIBHOBAXCHUM NPUBOJIOM Ha YOTHPH

k =2000

(dbopmyBalbHi Bi3KU. Pe3ynbTaTy BKa3aHMX XapaKTEPUCTUK HABENEHO B Ta0I. 2.

Ha ocHoBi maHux Tabm. 2 moOyqoBaHO TicTOrpamMH 3MIiHH BIIXHMJICHHS JAMHAMIYHOI CKJIaJ0BOT
IIPYKHOrO MOMEHTY y Mydpri DM .\ Ha koxkHMi QopmyBanbuuil Bisok (puc. 25), BiIXWIEHHS Pi3HHIIb
kyrosux koopaunat D(j,-j,) (puc. 26), xyropux wmsumkocteit D(j,- j&,) (puc. 27) i xyrosux

Hx
M

IIPUCKOPEHb D(ﬁ&l- ﬁ&z) (puc. 28) y mydrax 3a 3HaueHb koedimienra mucumnamnii K = 2000

Ta

k =8000—— 3anexHO BiJ KUTBKOCTI (POPMYBaIbHUX BI3KiB B YCTaHOBIIi, TOOTO Bifl BUIY MPHUBOIHOIO
M

MeXaHi3my.
Amnani3 gaHux Ta0. 2 Ta ricrorpam Ha puc. 2528 noka3sye, 1o MiHiMalbHE 3HAYCHHS BIIXUJICHHS
JMHAMIYHOI CKIIaZ0BOI IIPY’KHOro MOMEHTY Y MydTi DM\ Ha KoxHHMHA GopMyBanbHUI Bi3OK 33 3HAYEHD

ta k=8000—— crnocrepiraeTbcsi B yCTAHOBIII 3 BPIBHOBOKCHUM
M M

MPHUBOJIOM HA YOTHUPH (OPMYBaIIbHI Bi3KH; MiHIMaJIbHI 3HAUCHHS BIIXWJICHb PI3HUIb KyTOBUX KOOPIMHAT

koedimienra gucumartii kK =2000

D(j,-]j,), xyroeux meuaxocreit D(jt,- ,) Ta xyrosux npuckopens D(K - f,) y mydrax mnpu

Hx . k=8000

M M
3 BpIBHOBYKEHUM MPUBOJIOM Ha YOTHPH (POpMYBaibHi Bi3KH.

3HaYeHHsAX Koedimienta aucumnanii kK =2000 TaKOX CIIOCTEPIraroThCsl B YCTAHOBIII

Tabnuys 2
PesynbTaTtn po3paxyHkis
Table 2
Results of calculations
VY CTaHOBKA 3 KUIBKIiCTIO BI3KIB.
- 2 | 3 | 4 2 3 4
OKa3HHUKHN
k=200 k =80002¢
M M
DMmyq) ko H Xu 630 776,6 69 350 386,7 33
D(j 17 2), pao 0,0059 0,0077 0,00068 0,00315 0,004 0,00033
P pao
D(J&1 J&Z), 4 0,17 0,25 0,029 0,08 0,127 0,014
D(j - %), p"% ) 5,7 8,1 1,25 23 41 0,6

KinpKicTh Bi3KIB B YCTaHOBII: 2 — yCTAaHOBKa 3 pEKyNepaliiHiM MMPHUBOJOM Ha J[Ba Bi3KH; 3 — yCTAHOBKA 3
€HepreTUYHO BPiBHOBAYKEHUM IIPUBOJIOM Ha TPH Bi3KH; 4 — yCTAHOBKA 3 BPIBHOBa)XEHHM MPUBOIOM Ha YOTHUPU Bi3KH.
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BucHoBkHu. Y pe3ynabTaTi MPOBEACHUX JOCIIIDKEHb 3 METOI IMiABUIICHHS HAJIMHOCTI Ta JOBIO-
BIYHOCTI POJIMKOBUX (DOPMYBAIBHUX YCTAaHOBOK 3 PEKyIepamiiHuM MPUBOIOM Ha JiBa GOpMyBaJbHI Bi3KH,
CHEePreTHYHO BPIBHOBAXCHUM ITIPUBOJIOM Ha TpU (OPMYBabHI Bi3KH Ta BPIBHOBaYKEHUM IMPHUBOAOM Ha
4oTHpH (OPMYyBallbHI BI3KM PO3PaxOBAHO HABAHTAXKECHHS B €JEMEHTAaX iX KOHCTPYKIiH Ta NpHBOMY,
BH3HA4YEHO (YHKIIi 3MiHM HEOOXiJHMX KpPYTHHX MOMEHTIB Ha TPUBIJHOMY Bajy KpPWUBOIIWIIB JUIs
3a0e3redyeHHs] Tpollecy YIIUTbHEHHS BHPOOIB 3 OyAiBEeNbHUX CyMilllel i3 BpaxyBaHHSM >KOPCTKOCTI Ta
JWcUTIAIil TMPUBOAHUX MexaHi3MiB. Jjiss ponukoBoi (GopMyBallbHOI YCTAHOBKH 13 peEKyIepaliiHuM,
CHEpPreTHYHO BPIBHOBAXEHUM Ta BPIBHOBAXXCHUM NPUBOIHHUMU MEXaHI3MaMH BH3HAYEHO 3HAYCHHS
YKOPCTKOCTI PUBIHAX MEXaHI3MIB, 3BEICHUX JIO0 0Ci 00epTaHHs KPUBOIIHUIIIB, TIPH SIKUX CIIOCTEPIratoThCs
MiHIMaJbHI HaBaHTAXEHHS Y My(Tax MpHUBIIHOrO MexaHizmy. [ KOXKHOI 3 YCTAHOBOK MPOAaHAi30BaHO
3aJIeKHOCT1 KPYTHOT'O MOMEHTY Yy My(Ti IPUBOJY BiJl BEMMYWHU KoeillieHTa JCHTIAIIi].
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Hnst ponukoBoi (QOpMyBallbHOI YCTAHOBKH 3 pEKyNepaliiHUM MPUBIIHUM MEXaHI3MOM i3
BKa3aHUMM BHIIIC MTapaMeTpaMy PEKOMEHIOBaHa BEIMYMHA KoedillieHTa TUCUIIALI]l Ma€ 3HAYCHHS B MEXaX

. Hx Hx .
Bigx k=6000—— g0 k=8000——, a i1 YyCTAaHOBOK 3 €HEPreTHYHO BPIBHOBAKCHUM Ta

M M
BpPIBHOB&)KCHUM TIPUBIIHMMH MEXaHI3MaMH PEKOMCHJIOBaHA BeIMYMHA KOe(II[ieHTa UCHIAIl Mae
. Hx H>x _. ..
sHadeHHs B Mexax Big K=8000—— mo k =10000—— . Bimsire 3HaueHHs KoedillieHTa AUCHIMAIT Ha
M M

JMHAMIKy YCTaHOBOK BIUIMBATHME HE3HAYHO, OJHAK MOTpeOyBaTUMe OLIBIIOI TOYHOCTI BHTOTOBJIICHHS
MPUBOIHOTO MEXaHI3MY.

Peszynbratin pobOTH MOXKYTHh B TOAAIBIIOMY OYTH KOPHUCHHUMH JUISL YTOUYHEHHS Ta YJAOCKOHAJICHHS
ICHYIOUMX TH)KEHEPHHX METOJIB PO3PaxyHKY MPUBIIHUX MEXaHI3MIB MAIllH POJIHUKOBOrO (POPMYBAHHS SIK
Ha CTaJiSIX MPOCKTYBaHHS/KOHCTPYIOBAHHS, TaK i B POKMMaX peabHOI eKCIUTyaTallii.
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DYNAMIC ANALYSISOF CARSOF ROLLER FORMATION TAKING
INTO ACCOUNT DISSIPATIVE PROPERTIES OF DRIVING MECHANISM S

O LoveykinV. S, Pochka K. I., Romasevych Yu. O., LoveykinYu. V., 2018

Aim. Definition of loadings in elements of roller forming installations with different driving mechanisms
taking into account rigidity and coefficient of dissipation of the transmission gear. Method. Roller forming
installations with the recovery driving mechanism on two forming carts, energetically balanced driving mechanism on
three forming carts and the balanced driving mechanism on four forming carts are chosen as an object of researches.
For each of installations loadings in eements of their designs and the drive are calculated, dependences for definition
of efforts in the connecting rods necessary for reduction in back and forth motion of forming carts, and normal
reactions of guides of the movement of forming carts to the directing rollers depending on an angle of rotation of
cranks are received. For aresearch of loadings in each of installations the two-mass dynamic model in which power
and power characteristics of the driving engine and each of forming carts, rigidity of the driving mechanism and its
dissipation are considered is used. Results. For each of installations function of change of necessary torque for
ensuring process of consolidation of products of construction mixes taking into account dissipation of the driving
mechanism is defined. Rated settlement power on which the electric motor is chosen is determined by average value
of the moment of forces of resistance for a cycle of turn of cranks of each of installations, connecting couplings and a
reducer are picked up. Using Lagrange's equation of the second sort, for roller forming ingtallation with the recovery,
energetically balanced and counterbalanced driving mechanisms, the presented two-mass dynamic model, the
differential equations of the movement are worked out. Scientific novelty. Asaresult of a numerical experiment for
each of ingallations the value of the rigidity of the driving mechanism given to an axis of rotation of cranks at which
the minimum loadings in couplings of the driving mechanism are observed is defined. The dependence of the moment
is ingtalled in the drive coupling from dissipation coefficient size. Practical significance. The recommended
dissipation coefficient size for each of driving mechanisms of roller forming installation is determined.

Key words: roller forming installation, driving mechanism, effort, moment, rigidity, dissipation.
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