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AHAJII3 IMHAMIYHUX HABAHTAKEHbD Y [IPY)KHOMY
EJIEMEHTI BE3PEJYKTOPHOI JII®TOBOI JIEBIJIKA

A. O. boiiko, B. B. Byarap, O. M. Becapa6, 5. O. Coxoaos, B. B. 3y6ak

Ooecobkuil HAYIOHANILHUY NOTIMEXHIYHUL YHIBepCcUumem

Anomauin. Buxonano ananiz OUHAMIMHUX HABAHMAJICEHb Y NPYICHOMY eleMeHmi iHHO8ayiliHol be3pe-
OyKmMopHOI 1ighmosoi 1ebioKu 3 MUXOXIOHUM OE3KONeKMOPHUM O8USYHOM HOCMIUHO20 CMPYMY 3 OUCKOGUM
pomopom. Busnaueno xapaxmep nepexionoi xapaxmepucmuxu eaid nedioku. 3uaiioeno Haubiibu Hecnpu-
AMAUBUL OUHAMIYHULL BNIUE HA NPYIHCHY JAHKY J1eOIOKU, ThA MAKCUMATIbHUL NPYICHUL MOMEHM, Wo NPUKIa-

0aemubesi 00 UXIOHO20 8ANA OBUSYHA.

Knrouoei cnosa: nigpm, 6e3pedykmopua nebioka, niOHiMANbHULL MeXAHI3M, OUHAMIYHI HABAHMAICEHHS,

KOJIUBAHHA, npy:)fCHuﬁ MOMEHM.

Beryn

B icuyrounx midToBUX Jebigkax TpaguIiifHOT
KOHCTPYKILii BUKOPUCTOBYETHCS YEPB'STIYHHN pEILyK-
TOp 3 JABOIIBUAKICHAM ACHHXPOHHUM JIBHT'YHOM.
Bimomo, mo naHa KOHCTPYKIIS Mae€ psifl BaYKIHBHUX
HEJIOJIKIB TEXHIKO-€KOHOMIYHOTO XapakTepy. Y HO-
MiHAJILHOMY PEKUMi POOOTH KOEQIIiEHT KOPUCHOL
nii noxibHoi nedinku He nocsirae 70 %, a B mepexi-
JHUX peKUMax 3HIKYeThest 10 25-30 %. [1] 3aBmst-
KM HAasBHOCTI peayKTopa, MHTOMAa Bara KOPHCHOL
MacHu BaHTaXy Jieab NoxoauTh 1o 0,1 Big cymapHOi
HaBEJIeHOI MacH, MiJHIMaILHOrO MexaHismy. Lle
03Hauae, 1110 Ha PO3TIiH IUX IHEPIIHHUX Mac 3 Mepe-
K1 BUTpAvaeThCs HajJIMIIKOBa cHepris. Haxil Ha
MOBEpHEHHSI B MEpeXy IIi€i HAaKOIMWYEeHOI eHeprii
IIPY TaJIbMyBaHHI HE BUIIPABIOBYIOTHCS Yepe3 TyxKe
Hu3bke ekBiBasieHTHE 3HadeHHs KII/1. Jligtu i3 Tpa-
JTUIIHHOI0 PEAYKTOPHOIO JEe0IKOI0 MalTh OOMe-
JKEHHS U 00 MaKCUMAJbHIA IMIBUIOKOCTI. Be Ha
mBUAKOCTI 1,6 M/C BUHUKAIOTH MPOOJIeMH i3 3a0e3-
MeYeHHsIM YMOB TepeMmimieHHs. [Ipu 30imblIeHH]
LIBUJIKOCTI AaCHHXPOHHOTO JIBUTYHAa BHHHUKAIOTbH
npo0jeMy 3 TOYHICTIO TMO3MIIOHYBaHHS KaOiHH, Y
TOM K€ Yac 31 3MEHIICHHSM TepelaTOYHOro YnCIIa,
YepB'sIUHUIN PEAYKTOP BTpayae CBOIO TOJIOBHY KOpU-
CHY SIKICTh — caMorajibMyBaHHs [1].

i ymoBH 0OOYMOBIIOE MOXIIUBY BiJIMOBY BiJ|
Oynb SKOro peaykTopa NpH NPOEKTYyBaHHI HOBUX
mipToBUX cucteM. Y Oe3peayKTOpHUX JipToBHX
MiTAOMHUX MexaHi3MaX KaHaTOBEIy4YWi IIKIB BCTa-
HOBIIIOETHCSL O€3MocepeIHh0 Ha Bajl THUXOXIJIHOTO
NPUBOAHOTO JBUTYHa [2]. 3MeEHIIYIOThCS pO3MipH
ne0ijKy, 1 BoHAa cTae OLIBII KOMIAKTHOIO, 3POCTAE
KOoeQIIIEHT KOPUCHOI [Iii, 3pOCTa€e CITiBBIAHOIICHHS
MacH BaHTaXy Ta IHIIMX Mac PO3NOIUIIETHCS Ha
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KOPHCTh KOPHUCHOTO BaHTAXYy, 3'SIBISETHCS MOMKIIH-
BICTh peKymeparlii 3HaYHuX BeauuuH eHeprii [1,2].
Onny 3 noniOoHux Oe3peqyKTOpHUX JiQTOBUX JeOi-
JOK TIIPOIIOHYETHCA BHUKOHATH i3 3aCTOCYBaHHAM
IHHOBAIIITHOTO TUXOXiTHOTO O€3KOJIEKTOPHOTO JIBH-
IyHa TMOCTIHHOTO CTPyMy 3 JAHUCKOBHM pPOTOPOM
(TBAIIC), sikuit Oy po3pobienuit B Omecbkomy
HaI[IOHATbHOMY  TIOJNITEXHIYHOMY  YHIBEPCHUTETI
[3,4,5].

1. MeTa pociigxkeHHs

[Ipu poGoTi 3ampoONOHOBAHOT OE3peyKTOPHOT
nmiToBOi NEOINKM CTaBUTHCS MUTAHHS TIPO Haii-
OUIBII HECTIPUATIUBUN 3aKOH 3MIHM HABaHTAKEHB 1
3YCWJIb y TIPYKHOMY €JIEMEHTI 3 ypaxyBaHHSIM KO-
JUBATLHUX MOMEHTIB THXOXiJMHOTO JBUTyHa. Jlmst
LBOTO CJI BUKOHATHA AaHaJi3 HABAHTAXXCHHS J1e0iI-
ku 3 ypaxyBanusam TBIIIC.

2. Marepiajau Ta pe3y/bTaTH A0CJTiI:KEeHHS

AHaniz Moxe OyTH TPOBENEHHA aHATITUIHO
MIPH 33JJaHUX 3MiHHHX — MOMEHTY MIPY>KHOT'O eleMe-
Hta Mio(t), mBuakocTel mepmroi i apyroi macu -
o1(t), w2(t) i 3 ypaxyBauusm 30ypenn - M(t), Mca(t),
Mec,(t), npu sikux MomeHT M1o(t) yXxBastoe CBOe Mak-
cuMajbHe 3HadeHHs [6]. Jlis mpoBemeHHs IOCTi-
JOKEHb BIIACTHBOCTEH 1 MOXKIIMBOCTEH 11e0iJI0K, pea-
JIbHA KiIHEMaTHUYHA CXeMa IiJHIMAJILHOIO MEXaHi3My
3aMIHSEThCSA BIJIMOBIIHOIO pO3paxyHKoBow. Ha
puc. 1 mokazaHa po3paxyHKOBa €KBiBaJIGHTHA J[BO-
MacoBa CXeMa JOCITIJDKyBaHol Ji(TOBOI cHCTEMH,
sKa MpH noriepeMiHHoMy 3atrickanHi Baia TB/IIIC,
3 ypaxyBaHHSIM 30ypIOIOYOTO BILIMBY, J03BOJISIE BU-
3HAYHUTH JMHAMIYHE HABAHTAKCHHS B THYYKIid dac-
THHI 3'€qHaHHS [ 7].
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Puc.1. Po3paxyHkoBa eKBiBaJIeHTHa IBOMacOBa
cxema Ji(ToBOI CHCTEMH

[lpu anani3zi HaBaHTa)XEHb BBOAUTHLCS AOMY-
LICHHS, IO AO3BOJISIE BUKIIOYUTH B3a€MO3B'SI30K
MEXaHIYHUX 1 €JICKTPOMArHITHUX IIPOIECIB B  elie-
MeHTax Jebimkm.  JlomyckaeThcsi, IO MOMEHT
TBAIIC i iioro mMBHUAKICTH € HE3aJIEKHUMH (YHKIIi-
SIMH 4acy, a iX 3a/laHi 3Ha4YeHHS JOCUTHh TOYHO IiIT-
PUMYIOTBCS 3@ TOTIOMOTOF0 CHCTEMH KepyBaHHs [5].

Uepes Te, M0 BiAXWICHHS PyXy JeOiAKH Bif
YCTAJICHOTO YXBAIIOETbCSA MAJIUM, TO PO3KIABIIH
piBHSHHS PyXy nBoMacoBoi cucteMu (puc. 1, 2) B
P 1 BIAKMHYBIIH YWIEHU BHUILOTO MOPSAKY MaJOCTI,
MOJKHA 3aIUCaTH CUCTEMY PiBHIHb

AM — AM 15 — p1p(A®; — Ay )= I pay 1)
AM —Plz(Awl —A(Dz)—AMc =J;ypo,

ne AM — mpupict wmomenty TBAIIC, H-wg
AM1> = c12AQ12 — IpUPICT TPYKHOTO MOMEHTY Ha
kinmi Bama TBAIIC, H'Mm; Ciz = J,,GI'l — koe(imieHT
’KOPCTKOCTI JUIS CIIONYYHOI My(QTH TIPH CKpy4YyBaH-
ui, Hm; J, = zD* - 32" — moment inepii (3 ypaxy-
BaHHJIM IIOTIEPEYHOTO Tepepi3y MpPYKHOI YacTUHH
sana TBJIIC), kr'm?, G — MOZyJIb TIPY’KHOCTI MO-
nepeusoro Bana, [la; Api = J(Aw1 — Awz) — KyToBa
nedopmaliisi mpy»KHOro eneMenta; Awi, Awz — 30i-
IblIeHHs mBHakocTel kiHmiB BamB TBJIIC i ne0i-
IIKW, BIAMOBIOHO, pazn/c; piz = EV — koedimieHT
B’SI3KOTO TEPTS MPYKHOTO enemenTta, H-m-c/pan; & -
xoe(iuieHT BHyTpimHbOro Tepts, H-m-c?, V — pobo-
unii o6csar, Mm% Ji, Jo — moment inepuii TBJTIC i
MPUBEACHUI MOMEHT iHepiii JiTOBOrO MigHIMAIb-
HOTO MEXaHi3My, BimnoBigHo, kr-m?%, AM. = B.o —
301bLIeHHS] MOMEHTY omop, H'M y; Bec — KOPCTKICTD
CTaTUYHOI XapaKTEePUCTUKH JipTOBOTO TMiIHIMAIb-
HOTO MexaHi3my, pai/H-m-c.

Jlns BH3HAYECHHS HAWOIIBIIOIO JHHAMIYHOIO
BIUIMBY Ha NPYXKHHUWA €JeMEHT J1e0iAKU, CITiJ 3HaUTH
po3B's30K piBHAHL (1), 3rifHO MiHIMyMY JiHIIHOT
¢ynkuii. BupaxeHns, BizHocHO KyToBoi aedopma-
1ii Opy’KHOTO eneMeHTy Agiz, Oyae MaTH Ma€ BU-
IS

@2+2ap+Q&J&h2:jLNw+5LAMC,(a
1 2

c12(01+32) _
J1J2
KyTOBa 9acTOTa BUIbHUX KOJWBAaHb JBOMACOBOI (-
. . ]

TOBOI CHCTEMH, Pa/c; Q) =/c;,J;* — KyTOBa Yac-
TOTa BUIBHHMX KoJIMBaHb MaxoBoi Mmacu TBJIIC,
. -1 .
pan/c; Q, =4/cy,J;0 — KyTOBA YacTOTa BUILHHX
KOJNMBaHb JIQTOBOrO MiJHIMAJIBHOTO MEXaHi3My,

2 2
QOl+QOZ — BJIaCHa

J1+J . .
pan/c; a=p12 d1te2 koedimieHT nemndipy-
J1J2
BaHH MpyxHOi MydTH, 1/cC; .
w3
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Puc.2. Po3paxyHkoBa CTpyKTypHa JBOMacoBa
cxema JiToBOI cHCTEMU

VY 11poMy piBHSIHHI BILTUBOM, IO 30ypIO€, MOXKE
Oytu sk AM , Tak i AMc, M0 BUKJIMKAIOTh MaKCH-
MaJbHE BiIXUJICHHS MPYKHOTO MOMEHTY IpH 3allie-
MJIeHHI ogHOTO 3 BaiiB [8]. 3 ypaxyBaHHAM IBOTO,
BHpaXeHHS (2), MOYKHA CTIPOCTUTH

T.k. 30yproBanus 3 6oky TB/IIC — Tumuacosi
(GyHKIT, 0 MOBUILHO 3MIHIOIOTHCS B Yaci, MOXHA
JOMYCTUTH OOMEXKEHHSI CTATHYHOTO MOMEHTY HaBa-
HT)XEHHSI MAaKCUMAaJIbHUM 3HAYCHHSIM

|AMC| SAA4C.]I/ICZK'C' (4)

s HepiBHICTD MOXKE PO3MIIAJATUCS SIK Mexa
00MeXeHb TIPU JIeTKOMY JTiHCHOMY KOpeHi Uit (yH-
kiii AM.(t) abo AM(t), m—o0, a yMOBY MakCUMyMy
MOMEHTY npyxHoi nedopmarii Mio(t), y wac t = 7,
PO3IIISIHYTH SIK YMOBY JIOCSTHEHHSI MaKCHUMyMY BH-
paKeHHS

.
AM1o(T) < j(dAﬁ{12jdt (5)
0

YMOBa TpaHMYHOTO €KCTpeMyMmy B (5) Moxe
matu BATIST AM () AM(t) yare = 1

Toam, @) |
| (t)

0 AMC.MHKC (t)
Jani, BU3HAYa€ThCS 3aBJIaHHS MOITYKY QyHKIIIT
AM(t) ado AM(t) i AM(t)12, sika BU3HAYa€E MaKCH-

MyM iHTerpana (5) mpu 3aaHOMy PiBHSHHI 3B'SI3KY
(3) 1 BepxHiit Mexi obmacri (6)

dt<T. (6)
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2m
L=pAM 12 +k0|:&} +
c.Makc (7)

4 7{( p2 +20p+Q3 )AM 12 -02,AM C},

Ie Ao — TOCTIMHMA MHOXHHK (BU3HAYAETHCS IPHU
TPaHUYHUX YMOBaX pO3B’si3aHHA piBHAHHA (7) Ans
bynkuii AM.(t)); A — MHOXHHK (He3anekHa QyHK-
st Big AMa2), BU3HAYAETHCS PO3B'SI3aHHAM DPiBHSH-
Hi /I MOMEHTy TMpYyXHOi nedopmarii Bana
AMio(t)).

3 (7) BU3HauYa€eTHCS PO3B'SI3aHHS PIBHSHHS TS
AMC

2
AM:  _omeq| Q02 2m-1/5" (8)
AMC.MLIKC 2m}"O

[lepexonmsun 10 MexXi, 3HAXOAUTHCA HEOOXimTHA
¢byskis 30yproBadas AM (L), 0 BU3HAYAE MAKCH-
MYM IPY>KHOTO MOMeHTY [9]

2
1] & _
lim 2m-1 | 2702 2m 1\/k. (C))
m—o0 | 2mig

[Ipu Oyab-sikOMYy CHiBBiZHOIIEHHI MapaMeTpiB
niToBOTO MiAHIMATEHOTO MeXaHi3My (g2 > 0, ToMy
CMiBMHOXKHUK IpaBoi yacTuHu B (8) mae Burisiz [10]

lim AM¢ () = AM¢ yawe
m—oo

2
2m-1 ﬁ = +1’ (10)

2mh,

OTXKe, 3HaK 1 Monyib GyHKIii AM,. Oyne 3ane-
ATy BiJI 3HAKOBOT QPYyHKITIT
+1npu A >0;

sign A =<—1npu A <0; iBU3HAYATHUCS K

Onmpu A =0
AM¢ (M) = AM ¢ yaxcc SIgN M. (11)

Po3B's3aHHS 1IbOTO PIBHSHHS 3HAXOIUTHCS ITiC-
715t BU3Ha4YeHHsT QyHKIT A(t):

oL _p{ oL }zo,izl,z.
00; (AM1,) 0¢;i (AM ;)

Bono 6yne matu BuTIISAL

Kopinus PIBHSIHHS (13)

[ .2 2 1
p1,2:(1i o _9012 BKa3ylOTb Ha MOXKIJIMBICTH

IBOX XapaKTepHUX BapiaHTIB HECIPUATIUBOTO
BIUTUBY JMHAMIYHOI'O HABAaHTAXKEHHS Ha TPYXHUN
CJIEMEHT JeOiKM 3 ypaxyBaHHSIM 3pPOCTaHHS I10
eKCITOHEHTI

M) = Ae™ sin(Q ot + ), (14)
e o= 2‘; 1;@ D Jeoxe = JJ11+JJ22 A4, 0(Q)
Q12 = Q012 /1_461"326’«j HocTiiiHI ammiTyaa i ¢asa
Mt).
TakuM ynHOM
2m-1| _P12
MM ©=AMepare  VAePlers (15)

2
xsin| Qp12 1—Lt+w .
4c12J exe

HasBHICTP €KCIIOHEHTHOTO CIIIBMHOXHHKA 3i
CTYICHEM OLNbIIMM HiX HyNb B (15), HE MPUBOIUTH
0 30LUTBIIEHHS MaKCHMaJbHOTO BIUIMBY Ha TPYXK-
HUHN eJeMeHT NIeOiIKH, M0 Ja€ MOXKIHUBICTh CIPOC-
TUTH Ta OTPUMATH BUPaKEHHS

AM ¢ (t) =AM ¢ yaxe *

2

p (16)
12 t+w(Qp12) |
4¢c12J ok

xsign sin| Qg124/1-
Amnani3, BupaxenHs (16) m03BoIIsIe€ 3aTBEPIKY-
BaTH, 10 HAHOUIBII HECHPHUSTINBUM JUHAMIYHAM
BIUTMBOM Ha MPY)KHY JIAHKY aHAJIi30BaHOi Oe3peayK-
TOpHOI JIEOIAKU € CUHYCOiNaNbHUI BIUTUB, a00 3 00-
Ky nijToBOro miAHIMATBPHOTO MeXaHi3My, abo
TBAIC. Bmiue 3MiHIOE CBii 3HaK Yy 4aci
T

\/1_sz (4012Jei<6)_1

Jly BJIACHHX IMKJIIYHUX KOJIMBaHb JICOiIKH.

t , IKe JIOPIBHIOE IIiBIEPiO-

BucHoBku

[pu Benukomy 3racanHi (o >Qq12), mepexinHa

XapakTepucTUKa Bajia JIeOIAKM Mae arepiofudHui
XapakTep, a HECIPHUATIMBUM BIUIUBOM Oyjae Mak-
CHMaJIbHE HABAHTAXXEHHS ITJHIMAJIBLHOIO MEXaHi3-
My, IO BUKJIMKA€E HAWOUIBITY JedopMariito mpyxHOT
JaHKY Jebinku. HaloimbIn HecpusTIMBUM TUHAMI-
YHHUM BIUTUBOM Ha MPYXKHY JIAHKY JEOiIKH, € CUHY-
coiallbHUK BIUIMB 3 OOKY MiTHIMAJIbHOTO MEXaHi3-
My abo TBAIIC, skuit 3MiHIOE CBill 3HaK y IUTUHI

o, a2
0AM1p T o(pAM12) T 5(p2AMyp) (12)
-
Q12 Q012
abo
(p® —2ap + Q1 )M(t) =0. (13)
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IHTEepBaIy Yacy, PiBHOTO IIiBIIEPIOAY BJIACHHUX ITHK-
JMYHUX KOJHMBaHb. MaKCHMaNbHAN MPYKHUH MO-
MEHT, MO0 TPHUKIAAAETbCA A0 BUXITHOTO Baja
TBAIIC (abo 10 mpUHOMHOTO KiHIIS KaHATOBEIYYO-
ro MmKiBy) OyJe CIocTepiraTucs NpH TPHUBAIOMY
BILTNBI 30ypIOIOYOT0 MOMEHTY HaBaHTA)KEHHSI.
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lations of the hoist winch by computer simulation*
[Issledovaniye vliyaniya parametrov vibroizolyatsii i

ANALYSIS OF DYNAMIC LOADS IN THE ELASTIC ELEMENT
OF THE NON-GEAR LIFT WINCH

A. Boyko, V. Bulgar, O. Besarab, Y. Sokolov, V. Zubak
Odessa National Polytechnic University

Abstract. The advantages of gearless elevator winches are defined as compactness and reduction of di-
mensions, growth of efficiency, useful redistribution of weight ratio of cargo and other moving mass, possi-
bility of recuperation of significant energy values. An analysis of dynamic loads in an elastic element of an
innovative non-gear lift winch with a slow-moving DC motor with a disk rotor, which was developed at the
Odessa National Polytechnic University, is made. The calculated equivalent and structural two-mass scheme
of the elevator system is compiled. The analysis is carried out analytically at given variables and without
taking into account the absence of the relationship between mechanical and electromagnetic processes in the
elements of the winch. To research the properties and capabilities of a gearless lift winch, the real kinematic
scheme of the electric drive of the lift mechanism is replaced by a two-mass calculated equivalent scheme,
taking into account the elastic connection. The assumption that the torque of a slow-moving, non-collector
engine and its speed are independent functions of time, and their given values are precisely supported by the
control system is taken. Taking into account that motor disturbances are temporary functions that slowly
change over time, it is allowed to limit the static load moment to the maximum value. It is determined that
with a great fading, the transition characteristic of the winch shaft has an aperiodic character. The adverse
effect will be the maximum load of the lift mechanism, which causes the greatest deformation of the elastic
link winch. It is determined that the most adverse dynamical effect on the elastic link of the winch is the si-
nusoidal effect on the part of the lifting mechanism or slow-moving engine. An unfavorable dynamic effect
changes its sign in the course of the time interval, equal to the half-period of its own cyclic oscillations. The
maximum elastic moment applied to the output shaft of the engine or to the receiving end of the rope-bearing
pulley is observed with the prolonged impact of the disturbing load moment. This mode, as the worst, should
be taken into account when designing elevators and must be fixed in regulatory documents. The obtained
results can form the basis for the design of modern elevator systems to improve their performance and relia-
bility.

Keywords: lift, gearless winch, lift mechanism, dynamic loads, oscillation, elastic moment

AHAJIN3 JUHAMHUYECKHUX HATPY30K B YIIPYI'OM AJIEMEHTE BE3PEJYKTOPHOM
JIND®TOBOM JEBEJIKE

A. A. Boiixo, B. B. Byarap, A. H. becapa6, 5I. A. CokoJios, B. B. 3ydak
Odeccxuil HAYUOHATLHBI NOIUMEXHUYECKUL VHUGEpCUmMen

Annomauus. Bvinonnen ananuz ounamuueckux Hazpy3oxk @ Ynpyeom d1eMeHme UHHOBAYUOHHOU be3pe-
O0YKMOpHOU 1Udmoeoil 1eOE0KU ¢ MUXOX0OHBIM OECKOIIEKMOPHBIM 08U2ATeNeM NOCMOAHHO20 TMOKA € OUC-
Ko8biM pomopom. Onpedenén xapakxmep nepexoOHolU Xapakmepucmuxu eana 1eoéoxu. Hatioeno naumenee
Onaconpusmuoe OuUHAMUYECKoe GIUAHUE HA YNpy2oe 36eHO NeOE0KU U MAKCUMANbHBLL YAPY2Uull MOMeHM,
NPUKIAObIBAEMBIL K 8bIXOOHOMY 8ALY O8USAMEN.

Knrwouesvie cnoea: nugpm, 6e3pedykmopHas 1e6é0xka, noObEMHbIN MeXAHU3M, OUHAMUYecKUe HAspy3Ku,
Konebanus, ynpyeuti MOMeHm
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