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HOKPAINEHHA AKOCTI EJIEKTPOMEXAHI‘II—!Oi CUCTEMU MEXAHI3MIB
3 NIJABUINEHOIO IHEPINIMHICTIO

Anomauin. [Ipedcmagneno memoouxy po3paxyHky OUHAMIYHUX PEICUMIB eNeKMPOMEXAHIUHOI cucmemu, 30Kpemd,
KPAHOBO20 MEXAHI3MY 00epmanHs, KU XapaKkmepusyemocsa 3HAYHOI MEXAHIYHOIO THepyiliHicmio  pobouo2o opaaHny
nogopommuoi naamegopmu. Iloxazano, wo 6npoead’cents Kope2youo2o 360pONMHO20 36 A3KY 3a PISHUYEIO WBUOKOCHel
060x mac maxoi EMC 3nauno noninutye nokasHuku akocmi nepexionoi @yyukyii , i 20106He — Cymmeeo 3MeHUuLye cniec-
KU MOMEHMY NPYAHCHOCMI KiHeMamuuHoi nepedaui.

Knrwouoei cnosa:. enekmpomexaniuna cucmema, 080MAco8a MexaniyHa 4acmuna, pobouutl opeam, mogm, Kkopezy-
104Ul 36’5130K, NOKA3HUKU AKOCHI, NPYICHULL 38'430K, 8 SA3Ke mepms

R. P. Gerasymiak, Sc.D.,
S. P. Savich, Ph.D.,
O. B. Babiychuk, V. S. Savich

QUALITY IMPROVEMENT OF ELECTROMECHANICAL SYSTEMS
OF HIGH INERTIA MEHANISMS

Abstract. The technique of dynamic modes of electromechanical systems, in particular, the crane rotation mecha-
nism, which is characterized by significant mechanical inertia of the working body - the turntable . It is shown that the
use of corrective feedback saints according to the difference of velocities of the two masses significantly improves the
quality of the transition function, and most importantly reduces the torque peaks elasticity.

Keywords: electromechanical system, two-mass mechanical part, the working body, correcting sviyes, quality in-
dicators, the gap, elastic connection, viscous friction
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YJIYUIIEHUE KAYECTBA DJIEKTPOMEXAHUYECKOW CUCTEMBI
MEXAHHU3MOB C MOBBINIEHHON WHEPIIMOHHOCTBIO

Annomayusn. [Ipedcmasnena memoouxka pacuéma OUHAMUHECKUX PENCUMO DJIEKMPOMEXAHUYECKOU CUCIEMDbL, 8
YACMHOCMU, KPAHOBO20 MEXAHUZMA NOBOPOMA, KOMOPbLIl XAPAKMEPUIYemcs CYuecmeeHHOU MeXaHu4eckol unepyu-
OHHOCMbIO paboue2o opeana — nosopomuou niamegopmul. Iloxazano, umo npumenenue Koppekmupyowen 0opamuou
cesamu  no pasHocmu ckopocmeil obeux macc maxou IMC cywecmeenno yryuuaem noKazamenu Kaiecmed nepexoo-
HOU (DYHKYUU, U 21ABHOE, 3HAYUMENLHO YMEHbUAem BCHIAECKU MOMEHMA YIPYyeOCmu KUHeMamu4eckol nepeoaiu

Knrouesvie cnosa: snekmpomexanuueckas cucmemd, 08YXMACCOBAS MEXAHUYECKAS Yacmb, pabouull Opeam, 3a3op,
KOPPEeKMUpyIowas C6s13b, NOKA3AMeNU Kauecmed, Yynpyads C653b, 633K0e mpeHue

Beryn. Jlo MexaHi3MIB, y SKHX MOMEHT KOPOTKOYAaCHOMY PEXHMI, a Y X KIHEMaTHYHUX
iHepuii po6odoro opraHy 3HauHO OuIblIe 3a JIaHKaX OOOB’SI3KOBO MPHUCYTHI JIOPTH, MOXKHA
MOMEHT IHepIlii poTopa ABHIYHA, BIJHOCATHCS  OYIKYBAaTH ACSKUX HENPUEMHHMX HACIHIIKIB po-
PI3HOMAHITHI TPAHCHOPTHI MEXaHI3MU: Bi3KM, OOTH y MEpexiHuX pexumax. TakuMu Haciii-
BaroH-Tepe3H, MOCTH MOCTOBHX KPaHiB, KO3JIOBI ~ KaMM MOXYTh OyTH 3HAuHI MeXaHIuHI IepeBa-
KpaHH, a TaKOX MOBOPOTHI MEXaHI3MU CTPUIO- HTAXEHHA IMEpelaTOYHOro  MPHUCTPOI0 MK
BUX KpaHiB Ta ekckaBaTopiB. OcTaHHI XapakTe- JBHUI'YHOM Ta IOBOPOTHOIO IIaTGOPMOIO KpaHa
PHU3YIOTBCS TUM, II0 MOMEHT iHepIii moBopoT- abo ekckaBaropa. [{pomy mutanHio Oynu npu-
HOi mardopmu, IPUBENCHUI 10 Baly ABHTY- CBS4YeHI pi3Hi pobotu [2, 3, 5, 6], ane mo-
Ha, Moxe B 10 — 25 pa3iB mepeBuilyBaTd MO-  CIIKEHHS, K€ MPOIMOHYETHCS CTOCOBHO MEXa-
MEHT iHepuii poTopa IBUTYHA. A BpaxoBYIOUHM, HI3MIB OOepTaHHS, NPUBOAMUTH O KOHKPETHUX
1110 TaKi MEXaHI3MU NPAIOIOTh Y TOBTOPHO — NO3UTHBHUX PE3Y/IbTaTIB.
© I'epacumsxk P.I1., Capuu C.I1., HOCTa.H OBlfa 3apadi. Jins HocniMeHHﬂ. eies

BaGitiuyk O.5., Casuu B.C., 2014 KTPOMEXaHIMHOT CHCTeMH (EMC) mmx MeXaHi3MiB
PO3IIISIHEMO X PO3PaXyHKOBY CXEMY JIBOMACOBOi

14



I'epacumsik P.I1. Omy6mnikoBaHo B )KypHali Exexkmpomexniuni ma komn tomepni cucmemu Ne 14 (90), 2014

14 -19

ABTOMAaTH30BaHI €IEKTPOMEXAHI4HI CHCTEMHU

MexaHiuHoi yactuuu (JIMY), sika HaBeacHa Ha
puc. 1. BoHa CKIaaeThCs 3 BOX 30CEPEIKECHUX

Mac (ZBUT'YHA 3 MOMEHTOM iHepuii J, i moBopoT-
Hol atdopmut 3 J, ), MDK SKUMH ICHY€ THYYKHH
NepeaTOYHUi MPUCTPil 3 KoeilliEHTOM >KOPCT-
kocti Cp, Ta eKBIBAICHTHMM NOBITPAHMM 3230-
poM O ; OCTaHHIHl pealbHO iCHye B 3yOYaTHX Ie-
penadyax — B peyKTopi, a TaKoX B Hapi BaI-TPHO
— 3y0OuacTuii BiHEIb HOBOPOTHOI IJIaTHOPMHU.

M M

C

C,

J
1 (P] (PZ ?

(Dl ®,

Puc. 1. Po3zpaxynkoBa cxema MY EMC
MEXaHI3MIB ITOBOPOTY

V3araJbHeHUMH KOOPIUHATAMH Ha CXEMi €
KYTH MOBOPOTY (1 30CEPEIKEHOT Macu 3 MOMe-
HTOM iHepIii J; Ta @2 3 MOMEHTOM IHepIlii po-
06040oro opraHa-nmoBOpoTHOi miaatrhopmu  Jo.
[ToxigHi Bim @1 Ta @2 € BIAMOBINHO KYTOBUMH
MIBUAKOCTSIMHA w11 w2; M — MOMEHT nBUTYHa,
M. — cratuyHUil MOMEHT, IPUKIAACHUHN O PO-
Oodoro oprany (MOMEHT TepTs MiJ 4ac pPyxy
MOBOPOTHOI 11atopmu).

IIpoBenene pocaimkenHsi. CrpykTypHa
cxema EMC mexaHi3My 00epTaHHs HaBeleHa Ha
puc. 2. B Hiii Bci BeIMYMHM NPHUBEIEH] 10 00ep-
TAJILHOTO PyXy Bajy IBUTYHA. Jlo CKiamy enek-
TPUYHOI YaCTUHU BXOJSATH MEPETBOPIOBAY Yac-
totn [TY i enexTpuyHa 4acTHHA aCHHXPOHHOTO
neuryHa AJl (emexTpoMexaHIUYHHMH TEpPETBO

prOBay), Ha BUXOJII SAKOT JIi€ €JIeKTPOMAarHITHHM
MOMEHT M. Big’eMHi 3BOpPOTHI 3B’S3KH 3a
MIBUJKICTIO (pOpMYIOTh TeBHI 3aBiaHHs Ha [14
JUTSI YaCTOTH 1 HATIPYTH.

MexaHiyHa 4YacTHHa — II€ Jpyra 4YacTHHA
JIBUTYHA (POTOp), HA BUXOJI SKOi MaeMoO KyTo-
BY IIBUJKICTh @1, KPIM TOTO, Ha CXeMi MOKa3aHi
JIB1 JTAaHKH, HAa BUXO/I1 IKUX J1I€ MOMEHT MPYXKHOT
naHku Mio 1 KyTOBa MIBUAKICTH APYTOi MacH s
3 BIANOBIAHMMHU  BHYTPIIIHIMH 3BOPOTHUMH
3B’si3kaMu. Ha cxemi HENIHIHHUM €JIEMEHTOM
HE BpaxoBaHO €KBiBaJICHTHMI NOBITpSIHUHN 3a-
30p 0 . Came 3aBAsKH HOMY KyT 0OepTaHHs Ba-

Jly IBUTYHA @, He B OyIb-fIKHIl MOMEHT 4acy
JOPIBHIOE KyTYy (o, — KyTy HOBOPOTY THXOXiJ-

HOTO Bally pelyKTopa. BBaxkaemo, mo pyx Apy-
roi Macu MOe ITOYATUCS JIUIIIE TOI, KOJIHA BUO-

pana 1noJioBMHA 3a30py O /2 (B oaHy abo iHImy
CTOPOHY), TOMY IpH ‘(01 - (02‘ < 812 B cucremi

Jie 3a30p, a MOMEHT TPYKHOTO 3B’SI3KY

My, = 0. Tomi KOXHaA 30CepeKeHa Maca 3
MOMEHTaMHM iHepii J, 1 J, PyXaeTbes OKPEMO
y BIIMTOBITHOCTI 31 CBOIMU PIBHSIHHIMU:
do,

dt

3 dw,

2

dt

M
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| nmuie xonn

@, — (02‘ > 0 /2, 10610 3230p
BUSIBJISIETECS. BUOPAHHUM, TTOYMHAE 3MIHIOBATHCS
kyr ¢,, a M, #0, Toxi nificna HacrymHa
cuctema piBHsHB i [IMU:
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Puc. 2. CrpykrypHa cxema EMC MmexaHizMy oOepTaHHS
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M = Jl%—i_ C (0 —9,) + by, (0, - w,) (2)
do,
dt
Ha puc. 2 i B piBHsHHAX (2) KoedillieHTOM

Ci (@, —9,) + by (0, —w,) = J, + M,

,
b,, BpaxoBamo B’s3ke TepTs mpu meopmarii

(BTpaTH Ha JIUCHIIALIIIO).

MopemoBaHHsI TPOBOJIWIOCH Ul JIBUTYHA
AMTKH-225M8, 30 Bt. EnexrponpuBon IT4-
AJl 3a0e3nedye MOCTIMHMIA MOMEHT MPH ITYCKY
M=1,2M,, =491,4 H-m. [locrTiiiHuii MOMEHT OTpHU-
MYEMO 3aBJIKU 3BOPOTHUM 3B’s3KaM 3 Koedirtie-
Hramu KT 1 KU, siKi HAJI©KHUM YHHOM KOPETYIOTh
3aBmaHHg st 4acrotd 1 Hampyru [T4 (puc.2).
MopenoBaHHs 3IIHCHIOEThCS ISl PEXKUMY, KOJIH
NpUBEJCHUI MOMEHT iHepLii poOo4oro opramy
(muaropmu) y 16 pasiB Oinblie MOMEHTY iHEpIil
JBUTYHA, a MPUBEICHUN 3a30p nopiBHIOE 0,5 pa.
Pe3ynpTaTi MOJIENIOBaHHA [TOKa3aH1 Ha pHC. 3, /1€
HaBE/ICHI OCIMJIOIPaMH MOMEHTY MPYKHOCTI 1
LIBUAKOCTEH Ha I10YATKY ITyCKY.

AHaJI3yI0ul HaBEJIEHI Pe3yJIbTaTH MOJIEIIO-
BaHHsI, MOKHA 3pOOHTH TICBHI BUCHOBKHU. MaKCH-
MaJibHE 3HAUeHHS MOMEHTY NpPYKHOi aedopmartii
npu mycky M,, .~ =1790 Hm, WO BiINOBiIae
Maibke 4,5 HOMIHAILHOTO MOMEHTY JBHUTYHA. Xa-
paKkTep LUX KOJMBaHb — 3aTyXalO4yMi, ajie Kijb-
KicTh KomuBans N =18.

Jnst 3HWOKEHHSI TIKIB MOMEHTY, sIKi HETaTUB

M,,, Hv;100, ct

2000

/M)

oy (t)

ags 2 asz

Puc. 3. Ociunorpamu EMC Ha nmouatky mycky

HO BIUIMBAIOTh HA MOBEIIHKY PI3HMX JIAHOK KiHe-
MaTuKH, JOLUIBHO BHUKOPUCTATH KOPETYIOUHid
3B'SI30K — BiJ’€MHHMI THYYKHUH 3BSI30K 3a MPYyX-
HUM MOMEHTOM, SIK II€ TIOKa3aHO Ha CTPYKTYpHIi
cxeMi puc. 2.

JIOTiYHO MPUIYCTUTH, IO BBEIEHHS >KOPCT-
KOTO Bil’€MHOTO 3BOPOTHOTO 3B'I3KY 32 PI3HUIICIO
IIBUIKOCTEH @, — (@, AKWM EKBIBAJECHTHHUM

THY4KOMY 3B'I3Ky 3a Hpy:KHUM MomeHToM M,

JI03BOJIMTH JIOJIATKOBO JIEMIT(ipyBaTH KOJIUBAHHSI.
Bimnaunmo, 1o came BTpaTH Bill B’SI3KOTO TEPTS
MIPOTOPIIiiHI pi3HHUII HIBUAKOCTEH
M, =b,(® —@,). Peamisyerscs 3BoporHuii

3B'30K 32 Aw 3 koedimienrom mepemaui K

(koe(iLieHT KOpeKIIii).
Jlnss BU3HA4YeHHSA Koe]ilieHTa KOpeKil
CKOpHCTaEMOCh popmyioro [7 ]:

2
‘ _ 13 iTﬂ; +1]-1 3)
K,[y\ 27T

K

ne T — crama vacy, sika € 0OEpHEHOI0 BEIHYU-
HOI0O BJIACHOI YacTOTH KOJHMBaHb JIBOMACOBOI

MexaHiyHoi wacTuHH; | — eleKTpoMexaHiuHa
J+J,_
Jl
BiJTHOIIIEHHSI MOMEHTIB iHepiii; Ko — KoedillieHT
nepeaayi MepeTBOproBadya 4acTOTHU 1 EIEKTPO-

MEXaHIYHOTO NepeTBopioBayva. [ 3amaHux mna-
pametpiB Kx = 0,134 Bc.

crana yacy EMC, xomn C, =o0; y=

™

t,c

T Y o 084
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M, , Hu 10w, ¢

M12 (t)

Puc. 5. I'padhikn mycky M, (1), o, (t), @, (t) 3 xopuryrounm 38’s13x0Mm

Jlnst 311iiCHEHHS 3a1IPOIIOHOBAHOTO 3BOPOT-
HOTO 3B’SI3KYy 3a PI3HHUIEIO MBUIKOCTEH Oe3rmo-
cepe/iHE BUMIPIOBAHHS IIBUIKOCTI APYroi Macu
(po6ouoro oprany) @, TeXHi4HO Mailke Hemo-

#uiuBe. Came TOMy IOCTa€ 3aBJaHHs 11 IITYYHO-
r'o BIATBOPEHHS, a00 ii BiJIHOBJICHHS 3a JOIIOMO-
rOI0 CIOCTEPIralovuoro MpUCTPOI0 — CrocTepira-
ga. Mojens eleKTpOMEXaHIYHOi CHCTeMU Me-
XaHI3My IOBOpPOTY 3 enekrpornpusogom ITH-AJ]
1 criocTepiraueM mpeicTaBiIeHO Ha puc.4.

Ha puc. 5 nokasani pe3yiabTatu MOJAEIIO-
BanHa EMC 3 kopekii€eo — rpadiku npyXHOTO
MOMEHTY 1 mBHAKOCTeH 000X mac. Ha ocHOBI
[[LOTO Ta JCSIKUX IHIIMX PE3yJbTAaTiB MOIEIIO-
BaHHS OYEBUIHO, IO JJIi KOHKPETHOTO MeXa-
HI3MY HOBOPOTY 3 3alPOIIOHOBAHOIO0 KOPEKIIIEI0
MaKCHUMaJIbHE 3HAYEHHS MOMEHTY NpPYXHOI Je-
¢dopmanii npu nycky Mizmax =877 Hm mo He
nepesuinye 2,14 HOMIHATHLHOTO MOMEHTY JBH-
ryHa. XapakTep IMX KOJIMBaHb — 3aTyXal04yui, 3
KUIBKICTIO KOJMBaHb Jinmie N= 7. ['padik mBu-
JKOCTI JBUTYHA (» Mae KOJMBAIbHMH, ane
IIBUJIKO 3aTyXalOuMil Xapakrep, IIBUAKICTH
JpYyroi Macu (@, 3MIHIO€THCS MOHOTOHHO.

BucHoBku. Takum 4YMHOM, IIPH BUKOPHC-
taHH1 enekrpornpusoga [TY-AJ] came kopekiis
— BiI’€MHUN 3BOPOTHHUH 3B 30K 32 PI3HHUIICIO
IIBMIKOCTEH @ — @, [O3BOJMIA OPH POOOTI

MeXaHi3My IMOBOPOTY 3 JodTamMH B Iepenadi
3HU3UTH MaKCUMaJIbHE 3HAUCHHS aMIUTITYAu

18

|\/|12 B 2...2,5 pa3u 1 3HAUHO 3MEHIIUTU KiTb-

KICTh KOJIMBaHb, 10 O€3yMOBHO Ma€ 30UIbLINTH
Npale31aTHICTh BCIX JIAHOK eJIeKTPOMEXaHIYHOT
CUCTEMHM iHEpLIMHIX MeXaHi3MiB oOepraHHs. He-
00XiTHO 3ayBa)XMTH, 1110 30UTHILICHHS 3a30py IPH-
BOJIUTH JI0 11I¢ OUTBIIIOrO MEepEeBAHTAXKEHHSI JITAHOK
MexaHi3My. ToMy 3aIpOrOHOBaHUM KOpPErylouuii
3B'SI30K 1 B IbOMY BHIAJIKy CIPHSE MOKPALICHHIO
akocTi nepeximaux npouecis EMC.
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