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AnoTtauis. Pobota npucBsueHa TOCITiIHKESHHIM TIPO-
IeCiB, SKi BUHUKAIOTh MPHU CYMICHOMY pyCi MeXaHi3MiB
3MIHHM BIJIBOTY BaHTaXYy Ta OBOPOTY OAIITOBOrO KpaHa 3
TOPU30HTAJBHOIO OaNOYHOIO CTpinoro. B crarti HaBeneHa
JMHaMIYHa MOJENb PyXy MEXaHi3MiB 3MIHHM BHJIBOTY Ta
MOBOPOTY OAaIITOBOTO KpaHa, Ha OCHOBI SIKOi 3a JIOTIOMO-
rolo piBHsHHS JlarpaHxa Apyroro poxay ckiiajeHa CHCTe-
Ma 3BUYAMHMUX HENIHIMHUX AU(PEpPeHIIHNX PIBHAHB IpY-
roro mnopsjaky. Po3B’s30k oTpuMaHHX JudepeHIiHHIX
PIBHAHB 3IiHICHCHO YHMCENBHUM METOIOM 3 BHKOPHCTaH-
HSAM CTaHAAPTHUX MpPOrpaM, pPe3yabTaToOM SKHX CTaJId
rpadivdHi 3aNEKHOCTI KiHEMaTHYHHX XapaKTEPUCTHK 1
JMHAMIYHUX XapaKTEPHUCTHK JIAHOK INPHBOAHUX MEXaHi3-
MIB 3MiHM BWJIBOTY T4 HMOBOPOTY KpaHa, a TaKOX BaHTa-
KY.

AmnHani3z orpuMmaHux rpadiyHHX 3aJeKHOCTel MoKa-
3aB, 110 B IPOLECI MyCKy MEXaHi3MiB 3MIHH BHIILOTY Ta
MOBOPOTY KpaHa BUHHMKAIOTh KOJIMBAHHS SIK B €IEMEHTaxX
NPUBOJY TaK i B HECY4i KOHCTPYKIII, SIKi MepeiatoThes
Ha BaHTaX Ta MPU3BOAATH A0 WOro po3roiimyBanHs. Po3-
TOilyBaHHsS BaHTaXy YCKIAJHIOE POOOTY KpaHIBHHKA,
3MEHIIYE MPOAYKTHBHICTh Ta TOYHICTH MO3WIIOHYBaHHS
BaHTaXy MpH poOOTi KpaHa, a TAKOXK 3HIKYE HOTO HaTiii-
HICTb, IO 30UTBITYE HMOBIPHICTh BUHHKHEHHS aBapiiHUX
cuTyauiil. BupimeHHs1 mocraBleHNX 3a1ad AUHAMIYHOTO
aHaJi3y CYMICHOTO pyXy MEXaHi3MiB 3MiHH BHJIBOTY Ta
TIOBOPOTY KpaHa B IPOLEC ITyCKy JI03BOJISIE BCTAHOBHTH
YMHHHKH, SKi BIUIMBAIOTh HAa KOJIMBAHHS €JIEMEHTIB MpH-
BOJIB, KOHCTPYKIIH Ta BaHTaxy. B pe3ymbraTi mpoene-
HOTO aHaJi3y PEXHUMIB ITyCKy MEXaHi3MiB 3MiHH BHJIBOTY
Ta MOBOPOTY KpaHa BCTAHOBJICHO, 1[0 BIUIUB Ha KOJIMBaH-
HS €JIEMEHTIB KpaHa Ma€ XapaxTep 3MiHHM PYIIHHUX MO-
MEHTIB NPHUBOJHHUX MEXaHI3MiB, a TaKOXX T'€OMETPHYHI,
KiHeMaTH4HI Ta IHEpUiliHI XapaKTepHUCTHKH JaHoK. Jlis
CYTTEBOTO 3MEHIICHHS JUHAMIYHMX JIAHOK B €JIEeMEHTax
NIPUBOJIHUX MEXaHi3MiB, KOHCTPYKIIif KpaHa Ta BaHTaXy,
3alpOIIOHOBAHO TPOBECTH ONTHMI3allil0 MepexiJHUX
PEKUMIB IYCKy Ta TaJIbMyBaHHS IPH CYyMICHOMY pyci
MEXaHi3MiB 3MiHHM BHJILOTY Ta MOBOPOTi KpaHa.

Taka onTumizariis 103BOJIUTH 30UIBIINTH MPOTYKTH-
BHICTh BaHTQXHHUX OINEpamid Ta MiABHIINTH TOYHICTH
MTO3MIIOHYBAaHHS BaHTaXy B IPOIECi HOTO MepeMilleHHs,
a TakoX MiABUIIUTH NMPOIYKTUBHICTH POoOOTH KpaHa Ta

3MEHIIUTH MOJIIUBICTh BHHUKHEHHS aBapiiHUX CHTya-
i,

KurouoBi cioBa: GamToBmii KpaH, AMHAMIYHA MO-
JIellb, MEXaHi3M 3MiHH BWJIBOTY, MEXaHi3M IIOBOPOTY,
CYMICHUH PyX, AMHAMIYHI HABaHTAXKCHHS, aHAJi3, MaTe-
MaTH4Ha MOJIETIb.

ITocTanoBKka npo0aemMu

B ymoBax cepiifHOTO pO3BHUTKY KHUTIOBOTO OyIiBHU-
[TBa 3HAYHOTO NOIIMPCHHS Ha0ynm OamToBi KpaHH 3
TOPU30HTAJIBHOIO OalOYHOI0 CTPLIOI0, AKi BUKOHYIOTh
pi3HOMaHITHI TPaHCIOPTHI Ta MOHTaXHi omeparii. [lepe-
MIIIEHHS BaHTAXIB [IMIMU KpaHAMH 3IHCHIOIOTh 32 paxy-
HOK poOOTH MeXaHi3MiB MiJiioMy Ta 3MiHH BHJILOTY BaH-
TaXxy, a TAKOXX MOBOPOTY CTPLIH.

Jlist 3011bIICHHST TPOYKTUBHOCTI pOOOTH OAITOBUX
KpaHiB, KpaHIBHUKU BUKOPUCTOBYIOTh MOEAHAHHS POOOTH
JIBOX MEXaHI3MiB B pi3HHX KoMOiHarisx: 1. migiiom abo
OINyCKaHHs BaHTaXy Ta 3MiHA HOTO BWIIBOTY; 2. mifioM
a00 OIyCKaHHS BaHTaXy Ta IOBOPOT CTpimW; 3. 3MiHA
BWJILOTY BaHTa)Xy Ta IIOBOPOT CTPLIIH.

3abe3mnedeHHs. BHCOKOI MPOAYKTUBHOCTI OamToBHX
KpaHiB IPH MMOE€JHAHI POOOTH PI3HUX MEXaHi3MIiB IPUBO-
JUTh J10 TIABWINEHHA KOJIMBAaHb €JIEMEHTIB HPHUBOIB,
KOHCTPYKIIH Ta BaHTaXy 3aKpilNICHOMY Ha THYYKOMY
MiJBICI, IO CYMPOBOKYETHCS 3HAYHUMH JHHAMIYHUMU
HaBaHTaXXCHHSIMH, OCOOJIMBO IIiJl Yac MPOXOKEHHS Iie-
pexigHuX mporeciB (ycKy/ramsMyBaHHS). HaniOumem
HeOe3neuHi NWHAMIYHI HaBaHTAXXCHHS BUHUKAIOTH IIPH
CyMIIIEHI omepariiif 3MiHI BUJIbOTY BaHTaXy Ta IIOBOPOTI
ctpinn. [Ipu pbOMy AMHAMIYHI HABaHTAKCHHSI, 1[0 BUHU-
KaloTh, CYTTEBO 3MEHINYIOTh HaJiHHICTh KOHCTPYKLII Ta
NPOJYKTUBHICTD KpaHa, Pecypcy MexaHi3mi 3MiHU BHIIBO-
Ty Ta MOBOPOTY CTPIJIH, & TAKOX IMiIaI0Th PUIUKH POOOTI
CTPONIAJILHUKIB Ta KPaHIBHHUKA 32 PaxyHOK PO3TrOWayBaH-
HS BaHTaXy Ta BHUMararmo4d BiJl KpaHIBHUKa IOCTIHHO
NpAIOBATH B HANPYKEHOMY CTaHi.

OTxe 3amga4ya IOCTiKEHHS TUHAMIKH PyXy MeXaHi-
3MiB 3MiHU BHJIBOTY BaHTaXy Ta MOBOPOTY CTPiK Oari-
TOBOTO KpaHa INPH IXHBOMY CYMICHOMY pyCi € JOCHTB
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aKTyaJIbHOIO, OCKUTbKM MaKCHMaJbHO HaOJIMKEeHa [0
peaTbHUX YMOB pOOOTH KpaHa.

AHAaJIi3 0CTAHHIX JOCTITKEeHb

[MuraHHAMYU 3MEHILICHHS PO3TOWAYyBaHHS BaHTaXy Ha
THYYKOMY Mi/IBICI Ta 3HIKCHHSAM AMHAMIYHUX HaBaHTa-
KEHb Y MeXaHi3Max BaHTa)XOMiJHOMHUX MalIMH 3aiiMa-
suck 6arato mocmigaukis[1-19].

B po6otax [1-6, 11, 13, 16] mocmimxyBanach AHHA-
MiKa pyXy MeXaHi3MiB 3MiHU BWJIBOTY Ta IiAHOMY BaHTa-
Ky UL PI3HUX TUMIB KpaHiB. [Ipy 1IbOMy BHKOPHCTOBY-
BAJIMCh Pi3HI METOXW BH3HAYCHHS NPUYMH BUHUKHCHHS
KOJIMBaHb BaHTaXy HA THYYKOMY IIiJBICi.

JocmimkyBaBcsl TaKOK 1 MEXaHi3M ITOBOPOTY KpaHa,
sSK Horo mmHamika [1-5, 13, 16], Tak i KOHCTpYKIiiiHi
ocobmuBocTi [4, 5, 7-9, 17]. KokHUM TOCITiIHUKOM IICB-
HOTO MeXaHi3My OyJIo 3amponOHOBaHO CBOi METOJH MOK-
paieHHs ¥oro podotu. [IpoTe, ciaix 3a3HaYUTH, IO JCTa-
JILHOTO aHaJi3y JAWHAMIKHM MEXaHi3MIB 3MIHU BHJIBOTY Ta
MOBOPOTY OAIITOBOrO KpaHa NpH iX CYMICHOMY pyci,
30KpeMa y MEePeXiHUX PexHMax poOOTH, J0 IBOI0 Yacy
HE 3po0JIeHO.

ToMy 1e MUTaHHS € aKTyaJlbHUM Ta MOTpeOye OLIbII
TTIHOOKOTO BUBUCHHL.

Merta gocJaigkeHb

Mera naHoi poOOTH MosArae y BU3HAYEHHI AUHAMI-
YHUX XapaKTEPUCTHK MEXaHi3MIiB 3MiHH BHIILOTY Ta IIO-
BOpPOTY 0amIToBOr0 KpaHa 3 0ajJOYHOIO CTPUIOK TpH iX-
HBOMY CYMICHOMY PYCi 3 ypaxyBaHHSIM MEXaHIUHUX Xa-
PaKTEPUCTHK HPUBOJHUX €IEKTPOABUTYHIB.

Pe3yabTaTn nociigxesb

CrpinoBy cucteMy 0amToBOTO KpaHa 3 OaJOYHOIO
CTPUIOIO TIPEACTABISIEMO SK MEXaHIYHYy CHCTEMy, IIO
CKJIaJa€ThCsl 3 a0COIIOTHO TBEPAUX TiMl, OKPIM THYYKOTO
MiZBICY BaHTaXYy, SIKUi 3MIHCHIOE KOJMBAHHS B IJIONIMHI
3MIHM BHJBOTY 1 IIpU MOBOPOTI CTPLIOBOI cucremu. 3a
y3arajbHeHI KOOpAWHATH HPHUHHATOT ANHAMIYHOI MOJeNi
oOpaHi JiHIHHI KOOPIUHATH LIEHTPIB Mac Bi3Ka Z Ta BaH-
TaXy X B IUIONIMHI 3MiHU BHIIBOTY, & TAKOX KyTOBI KOOp-
JMHATH TIOBOPOTY CTPIJM ¢ Ta BaHTaXy 1 B TOPU3OHTa-
TbHI IommHI. [Ipy oMy BBa)kaeMo, 10 JIOBXKHHA THY-
YKOTro MiJBicy L € HEe3MIHHOIO BEJIMYMHOIO B IIpOIEci
PYXy MexaHi3miB, To0TO L=const.

B myomuHi 3MiHE BIJIBOTY IIEHTPH Mac BaHTaXy Ta
Bi3Ka BIOXMIISIETHECS HA BIACTAHb

AB = z — xQ, Q)

a TIpH TIOBOPOTI KpaHa IIe MepPeMillyIOThCS B TOPH30HTA-
JIBHIM IUIOIIMHI Ha BiICTaHb.

BC = x(¢ — ¥)0; (2)

Tob6To cymapHe nepeminieHHs] BAHTaXy BiJIHOCHO Bi-
3Ka Ipu poOOTI MEXaHi3MiB 3MIHH BHJIBOTY Ta HOBOPOTY
KpaHa B TOPU3OHTAJIbHIN IUIOIIMHI BU3HAYAETHCS 3AJICK-
HICTIO!

AC =u = [AB? + BC? — 2AB - BC - cos(2ABC)]'/?;(3)

Puc.1. lunamiuyHa MOIENs pyXy MeXaHi3MiB 3MiHH
BUJIBOTY Ta IIOBOPOTY KpaHa.

Fig. 1. Dynamic model of movement of mechanisms
of change of departure and rotation of the crane.

Busnaunmo xyt £ABC

£0BC = 20CB = w m_ -,
ZABC =1 — 20BC =7 — [7; ("’ d’)]
-9
=2+ (4)

[icnsa mincranoku Bupasis (1), (2) 1 (4) B 3anexHO-
cti (3) 6ymemo matu:
AC=u=[(z—x)*+x%(p — ) — 2(z —
(¢ -¥)
Xx - (¢ = P)=cosG+EA =[(z - 1) +
x*(p — llf) - —Zx(Z —x) (¢ =) -
Sln(((p ll’))]l/Z (5)
Tenmep MOXHA BHU3HAYUTH KyTOBy KOOPJHHATY BiJI-
XHUIJICHHS THYYKOTO TTiIBICY BaHTaXXy BiJ] BEpTHKAJI:

v==20. (6)

Jis cknamaHHS PiBHSAHD PyXy MEXaHi3MiB 3MiHU BH-

JbOTY 1 IOBOPOTY KpaHa BUKOPHUCTOBYEMO piBHsHHs Jlar-
pamxa Apyroro pouay:

d oT oT

iz e az

d 0T oT

TR il axQ
a.,or_or_ 5 _on, @)
|dt ap dp <P a9

d 0T oT oIl

a3 " op = @~ 5y ¢

ne t—uyac; T, [T — BiANOBIAHO KIHETUYHA Ta ITOTEHIIAILHA
€HEeprisi CUCTeMH ITpU poOOTI MEXaHI3MIB 3MIHH BHJILOTY
Ta TOBOPOTY KpaHa; ¢, Qy, @y, @y — MOTEHIiaNbHI CKIa-
JIOBI y3araJbHEHHX CHJI, IO BiANOBIJAIOTh y3arajJbHEHHM
KOOpJAWHATaM BIATIOBITHO Z, X, @, .

3HaiiieMo BHUpa3W KiHETHYHOI Ta MOTEHLIAIbHOT
eHeprii CUCTeMH IIpH MO€IHaHHI poOOTI MEXaHi3MIB 3Mi-
HH BUJIBOTY Ta IOBOPOTY KpaHa Q :

0y . 2
T= PR am] @ 422 9D+ [
8y U+ 1] @ +—-m- (52 +x%-2); (8)
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O=m-g-L-(1-cosv)=m-g-L-
(1- cos %)Q: (9)
e m;,m — BigIOBiJHO MacH Bi3ka Ta BaHTaxy; I, [, —
BiNIOBITHO MOMEHT iHEpIii pPOTOPIB ENEKTPOABHUTYHIB
MeXaHi3MiB 3MiHU BHJIBOTY Ta IIOBOPOTY Kpana; I, — Mo-
MEHT iHepIil TOBOPOTHOI YaCTHHHU KpaHa BiJHOCHO BJac-
HOi oci oOepraHHs; 8;,0, — KoedilieHT, IO BpaxoBye
IHEepIIHHICTh €JEeMEHTIB NMPUBOJIB BIANOBIJHO MeXaHi3-
MiB 3MiHHM BHJIBOTY Ta HOBOpOTY kpaHa; U, U, — nepena-
TOYHI 9YHCIa TPUBOIIB BIAMOBITHO MEXaHI3MIB 3MiHH
BHJIBOTY Ta MOBOPOTY; D — miameTp OapabaHa mMOBOPOT-
HOTO MeXaHi3My IepeMIIIeHHs Bi3Ka; g — IPUIIBAAMICHHS
BIJIBHOTO TTAXIHHS.

HenoreHmianpHi CKITaqoBi y3araTbHEHHX CHJI BH3HA-
YalOThCA SIK PI3HMI PYIIIHHHUX CHJI I CHJI ONOPY B MeXa-
Hi3Max. PymiiiiHi cuimu (MOMEHTH) JUIS aCHHXPOHHHX
JIBUT'YHIB 3MIHHOTO CTpyMy BH3Ha4aloThcs Ha 0a3i ¢op-
myiu Kiocca. B pe3ynbrari 4oro HemoTeHIialbHI CKJa-

JIOBI y3arajJbHIOIOYHX CHJ MAtOTh BUTJIL :
—F = 4Myp1-U1m1-(1+a1-Skp1) —w:
Q= = 2207 ’
Skp1
2zUq
1- Dwo1
2Myp2 Uz M2 (1+az Skp2)
@-Uz
1- w2 SKpZ
+
Skp2 1_‘P
wOZ
— BIANOBIIHO MaKCHUMaJIbHI (KPUTHYHI)

(10)

D- (4)01
Skp1

Di(———— +2a;Skp1)

Q(p =M = _MOQ! (11)

+2a2 "Skp2

ne MKpl’Msz
3HAYEHHS MOMCHTIB Ha BajaX €JIEKTPOJBHUTYHIB IPUBOI-
HUX MEXaHi3MIB IEepEeMIllIeHHs Bi3Ka Ta MMOBOPOTY KpaHa;
11,7, — BIANOBITHO KOeilieHT KOPHCHOI Aii IPUBOTHUX
MeXaHi3MIB TepEeMIIlIeHHs Bi3ka Ta MMOBOPOTY KpaHa; dq,

— 0e3po3MipHI MapaMeTpu JBUTYHIB MPUBOJHHUX MeXa-
HI3MIB BiJIIIOBITHO MEPEMIIIICHHS Bi3Ka 1 MOBOPOTY KpaHa;
Sup1s Skpz — BiNIOBITHO KPHUTHYHI KOB3aHHS JBHTYHIB
MeXaHi3MiB NepeMillleHHs Bi3Ka Ta MoBopoTy kpaHa;, W —
CUlla CTaTUYHOTO ONOpY IepeMilleHHs Bi3ka; My — Mo-
MEHT CTaTHYHOI'O OMOpY IOBOPOTY KpaHa. be3po3MipHi
napaMeTpH IBUTYHIB MPUBOIHUX MEXaHI3MIB BiIIOBITHO
IepeMilIeHHs Bi3Ka i MOBOPOTY KpaHa:

_ Ra1,

a; = RI%Z, (12)
— Ra1

a, = Ry (13)

ne Riq, R{, — BiIMOBiTHO omip 0OMOTKH cTaTtopa i 0OMo-
TKHA pOTOpa 3BEACHOI JI0 CTAaTOpa eNIEKTPOABHUIYHA IPH-
BOJly HepeMillleHHs Bi3ka; R,q, R,, — BiAmoBimHO omip
00MOTKH CTaToOpa i 0OMOTKH POTOpa 3BEICHOI 10 CTaTOpAa,
€JIEKTPOJBUI'YHA IPUBOY MOBOPOTY KpaHa.

KpuTuuHi KOB3aHHS BU3HAYAIOTHCSI HACTYITHHMH 3a-
JISKHOCTSIMHU:

Slcpl =Sn1 (A + 1’7\12 -1 (14)
SKpZ =Sp2(Az + 1’7\22 -1 )0, (15)

ne Sp1,Sp, — HOMIHAIBHI KOB3aHHS BiIMOBITHO JIBUTYHIB
MEXaHi3MiB TEpEeMIllleHHs Bi3ka Ta TMOBOPOTY KpaHa;
A1, A, — KpaTHOCTI KPUTHYHOTO MOMEHTY BIZMOBITHO
JIBUTYHIB MEXaHi3MIiB NEepeMillleHHs Bi3Ka Ta IOBOPOTY
KpaHa.

HowmiHanpHi KOB3aHHSI JBUTYHIB MAlOTh BUTJISL;

_ @ni ,
Snl _ 1_ )
wo1
Wn1
S . =1-—-1t
nil
wo1 ’

(16)
17

IIe Wy1, Wy — HOMIHATBHI KYTOBI MIBUIKOCTI BAJIiB JIBH-
T'YHIB MEXaHi3MiB BiJITOBITHO MEpPEMIIIEHHs Bi3Ka i TIOBO-
pPOTy KpaHa; wgq, Wo, — BIANOBITHO CHHXPOHHI KyTOBI
IIBUJIKOCTI BaJIiB IBUTYHIB MEXaHI3MiB 3MiHH BIJIBOTY Ta
MOBOPOTY KpaHa.
3HaiinemMo HeoOXiJHI MOXiAHI BiJ BHpa3iB KiHETHY-

HOi (8) Ta nmoTeHwianbpHOT (9) eHeprii, 110 BXOIUTDH B CHC-
Temy (7):
oT 4-1, -8, U,*

— )
—=(m+ 7 ¢%

0z D? v
a_T 2, 0T _ oT .
ox x P a0 oy (18)
__( 1+7‘”151U1 )Z;Z—izm-X;
d T 41,-8,U
Eaz[(’)’nl-l-#)z +10+12 52 UZ]
aT 2
oGy TmX ,
d oT _ 4-1-6,-U,° d oT _
at oz \'™ D? dt 9%
=m-Xx; (19)
) 2 e ] o
2( 1+41151”1>z-z'-<p; (20)
:t s—;_m-x P4+ 2m- x X (21)
DmgL-Dosivv=m-g-L-v-2; (22
Z_zzm-g-L-Z—:-sinv=m-g'L'V'Z—;; (23)
Z_sz-g-L-Z—;-sinv=m-g'L'V':—;; (24)
oIl v . ov
ﬁ_m-g-L-a—-smv—m-g-L'V'ﬁ- (25)

VY Bupazax (22) - (25) 3pobiieHo 3aMiHy, IO SinV =
V, OCKIJIbKM BiJIXMJICHHSI BAaHTa)XXHOT'O KaHATa BiJ| BEPTH-
Kaji € HesHauHnME (£12°).

Tenep 3HalgeMo moxifAHy Bix Bupasy (6) 3 ypaxy-
BaHHSM piBHSHHSA (5).

Yol - xa-22Y), (26)
2olx-za-2 @
o=rxtz (g — P (28)
S=—toxez (9 — W) (29)

[icns migcranoBky Bupasis (5), (26) — (29) B 3anex-
HocTi (22) — (25) orpumaemo:

9 _ 2
az:TTZg.[Z _ x_(l_((l’ 211’) )]’ (30)
a1 —-)?
a:%.[x_z.(l_%)]; (31)
d
bp =Xz (@~ W
ol _ m, (32)
g —
MM x 20 (p — ).

MMincrasusium Bupasu (10), (11), (18) — (21), (30) —
(32) B cucremy (7) otpumaemMo nudepeHLiaabpHe piBHSH-
HS CYMICHOTO pyXy MeEXaHi3MiB NepeMilleHHs Bi3Ka 3
BaHTa)XKEM Ta ITOBOPOTY KpaHa.
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411-81U; 2 .. .
(m1+—1D; 1')'(Z—Z'<P2)=F—

-5 (e (1- )

m'(""_x'lj’z)z‘%'(x‘z(l‘%))‘(ss)

s 2
|:<m1+4112—;l]1)22+10+12' 52'U22](]5+ZZ'

A

. . . 2 .
(g + ) 7 g = M= Mk 2 - ),

m-x2-P+2m-x-x-y =%-x-z(<p—¢).
Po3B’s130K cucTeMu HENHIMHUX IU(EpeHIiaTbHIX

e ss 2
X,z mlc”

0.4}

MepemileHHs Biska

PIBHSHB JPYTOTO MOPSIKY 3MIHCHEHO YHUCEITBHUM METO-
noMm B mporpami “Mathematica” anst 6amtoBoro kpana

liebherr 140 hc 3 napamerpamu (ta6:.1):

Taéauus 1. Po3B’s130k cuctemMu HeniHiHHUX nudepeH-

Puc. 3. I'padiku mpuCKOpPEeHHSI BaHTaXy X Ta Bi3ka

Z TIpH 3MiHi BIJIBOTY B3/IOBXK CTPLJIH.

Fig. 3. Cargo acceleration schedules ¥ and trolley 2\

when changing boom.

iaJIbHUX PIBHSHB [y OamToBoro kpana liebherr 140 he. .
Table 1. Solution of the nonlinear differential ¢.y.pap/c
equation system for liebherr 140 hc tower crane. 042t
m,; = 300kr; a,=02; |I,=5,5"10°kr-m% T
m = 5000xkr; a, =0,2; I; = 0.3 kr- M?; 010¢F MoBopoTy KpaHa
W =5500H; |6 =11; |I,=0.056kr-M> O .
Se1 =037, |8, =11 | M, =50100H"m; 0.08} N \‘ AN
Sepz = 0,37; D=03m | Mg, = 120H m; o o6l L . e b
n = 0,71; L=10m; | Mg, =120H"m; ' A St
7, = 0,8; Uy =17; | wy, = 104,72 pan/c; 0.04L N
g=98wm/c% | U, woy, = 104,72pan/c; ’/ MloBopoTy BaHTaky
= 1429; 0.02p /fr
OCKUIBKH BBa)Xa€Mo, 110 JUHAMIYHA CUCTEMA Yy IIO- 5 10 15 20 25 SD t C

YaTKOBUHA MOMEHT PYXY 3HAXOIUTBCS Y CTaHi CIIOKOK TO
MOYaTKOBI YMOBU pyXy Juisi cuctemu piBHsHB (33) Oy-

IyTh TaKi:
{X(O) = xo; X(0) = 0; 2(0) = zy; 2(0) = 0;

9(0) = 0; ¢(0) = 0; ¥(0) = 0; ¥(0) = 0.

(34)

Posp’s3aBmm cucteMy HENMHIMHUX AudepeHIianb-
HUX DiBHSAHD (33) YKCENLHUM METOJOM, /IS MapameTpiB
kpaHa (tabi.1) i moyatkoBux yMoB pyxy (34), orpumaemo
3aKOHH PYXY JIAHOK Ta CHJIOBI 1 €HEPreTHYHI XapaKTepH-
CTMKM TPHUBOJAHMUX MEXaHI3MiB, SKI TIpeJCTaBleHI Ha

Puc.2 — Puc.6.

X,Z, M/C
1.4F R
1.2F

1.0

08t
06t
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02t

LA TR MR R SR

5 10 15 20 25

30

tc

Puc.2. I'padpixy 3MiHM IIBUIKOCTI BaHTaXxy X Ta Bi3-

Ka Z TIpH 3MiHI BWIBOTY B3J0BX CTPiJIH.

Fig. 2. Changes in load velocity x and trolley z when

changing takeoff along the boom.

Puc.4. I'padiku 3MiHH KyTOBOI MIBHIKOCTI IPH TIO-
BOPOTI OallTH KpaHa ¢ Ta BaHTaXYy 1P BITHOCHO FOPH30H-

TaJILHOI IIJIOLIMHI.
Fig. 4. Graphs of the change in angular velocity

when turning the crane tower ¢ and load i relative to the
horizontal plane.

6, . pap/c?

110BOPOTY KpaHa

-0.01¢
-0.02¢

-0.03¢ M

Puc.S. I'padikn 3MiHE KyTOBOTO HPUCKOPEHHS TPH
MOBOPOTi OamTH KpaHa ¢) Ta BaHTaXy 1P BIIHOCHO I'OpH-

30HTAJIBLHOT IIJIOIIWHUA.
Fig. 5. Graphs of change in angular acceleration

when turning the crane tower ¢ and load v relative to the
horizontal plane.

MoBopoTy BaHTaKy
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Puc. 6. I'padiku 3MiHH MOTYXHOCTI €JIEKTPOJBHULY-
HIB Bi3Ka Ta [I0OBOPOTY KpaHa.
Fig. 6. Graphs of change of capacity of electric
motors of the trolley and rotation of the crane.

Amnanizytoun otpumani 3aiexHocrti (puc. 2 - puc. 5.)
MOKHa 0a4uTH, IO MEepeXigHMIl mpolec pO3roHy Cympo-
BOJDKYETBCS KOJIMBAaHHSMH LIBHAKOCTEH Ta IMPHCKOPEHB,
OJIHAaK MpH JIOCSATHEHI YCTaJeHOI MIBUAKOCTI MEXaHI3MOM
NepeMillieHHsI Bi3Ka Ta MOBOPOTY KpaHa KOJIMBAHHS I1JIaB-
HO 3aTyXaloTh.

3 rpadikiB MIBUIKOCTEH Ta MPUCKOPEHB Bi3Ka Ta Ba-
HTaxy (puc. 2 Ta puc. 3) B IUIOMIMHI 3MiHH BUIIBOTY
B3JIOBXK CTPLJIM BHSBIICHO, IO IMITYJIbC, KU BUHUKAE Bil
PI3KOTO TPUCKOPCHHSA Bi3Ka Ha JAPYTid CEKYHII PyXy
NPU3BOIUTE IO PO3TOMIYBaHHSA BAHTAXy sIKe CTAOLTI3y-
€eThes TUTBKH Ha 20 c. pyxy.

[IpoanamnizyBaBmu rpadiki 3MiHH KyTOBOI IIBHIKO-
cTi (puc. 4.) Ta KyTOBOro mpuCKOpeHHs (puc. 5.) Gamru
KpaHy Ta BaHTaXY BiJHOCHO T'OPU30HTAIBHOI IJIOIIUHH,
BHUJIHO, 1110 OaIlTa KpaHa MepexouTh Ha YCTaJeHy LIBH]I-
kicte uepe3 10 c. lpu mpoMy pO3roiayBaHHS BaHTaXy
CTablIi3y€eThCs TUIBKK Ha 25 ¢ IOBOPOTY KpaHa.

3 rpa¢ikiB 3MiHM MOTY>XHOCTI NPHBOJIB, INepeMi-
LIEHHS Bi3Ka Ta MMOBOPOTY CTPLIM BUJIHO, 10 MaKCUMAJb-
Ha MOTY)XHICTh JBUTYHA JUISl TIEPEMIillleHHs Bi3Ka CTaHO-
BUTD Prgnep. = 6250 Br. 1 3adikcoBana Ha npyriil ceKyHi
PyXy, MakCUMajbHa MOTY)XXHICTh IBUI'YHA JJIS 3IiHCHEH-
HS IOBOPOTY KpaHa 3a¢ikcoBaHa Ha IT' ST CeKyHII pooo-
TH Ta CTAHOBUTD P 5 nos.= 7000 BT.

BucnoBku

1.Po3pobneHo nTuHAMIiYHY MOAETh Ta aAeKBaTHY ii
MaTeMaTHYHy MOJENb CyMiCHOTO pyXy MeXaHi3MiB 3MiHM
BWJIBOTY Ta IOBOPOTY OAaIITOBOrO KpaHa 3 OaloYHOIO
CTpLIOIO, sIKA SIBIISIE COOOI0 CHCTEMY JIIHIHHNX audepeH-
LiaJIbHUX PIBHSHB JAPYroro TMOPSZAKY, Ky PpO3B’s3aHO
YHUCENILHIMHU METO/IAMH.

2.Po3B’s3aBIM HelniHiMHI TudepeHiaabpHi piBHSH-
HS, IO ONHUCYIOTHh PYX KOKHOI 13 JJAHOK YOTHPH MacoBoOl
JUHAMIYHOT MOJelNi, OTpHMaHO Tpadiku MepexiTHuX
nporieciB mycky (puc. 2-6). Cuia BimzHaYWMTH, MO MCIA
JIOCSITHEHHSI BIi3KOM YCTaJeHOI MIBHKOCTI, KOJMBaHHS
LIBHUJIKOCTI Ta TPUCKOPEHHS! BaHTaXy B IUIOLIMHH 3MIHU
BHJIBOTY Bi3Ka MAlOTh IUIABHO 3racarouuii xapakrep. [Ipu
LOMY KYTOBa IIBH/IKICTh Ta TIPUCKOPEHHS MPU MOBOPOTI
KpaHa Ta BaHTa)Xy B FOPU3OHTAIbHIN IUIONIIUHI 3 IEpexo-
JIOM Ha yCTaJICHY IIBHJKICTh TaKOX CTallli3yI0ThCs.

3.YCyHyTH KOJNMBAaHHA, BaHTAXy Ta IHIIHX €JIEMEH-
TiB KpaHa B TIpOIleCi IMyCKy/ TaJbMyBaHHS 3a KOPOTKHU
MPOMDKOK Yacy MOJKJIMBO IIISIXOM ONTHUMI3aIlil mepexin-
Horo Tporecy. OnTuMizamist HepexigHoOTo MPOIecy JacTh
3MOTy 3MEHIINTH AWHAMIYHI HaBaHTa)XCHHsS Ha MeTalo-
KOHCTPYKIif0 OalToBOro KpaHa, MOJETIIUTH pPOOOTY
KPaHIBHHUKY Ta MiJBHIIUTH NMPOAYKTUBHICTH 1 HaAiHHICTh
poboTH KpaHa.
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I[I/IHAMI/I‘-IECKI/Iﬁ AHAJIN3 POJIUKOBOU ®OP-
MOBOYHOW YCTAHOBKHU C YUETOM JANCCU-
IMMATUBHBIX CBOVCTB YPABHOBEIIEHHOT O
IMPUBOAHOI'O MEXAHU3MA
B. C. Jloseiikun, FO. A. Pomacesuu,
10. B. Jloseuxun, /[. U. Mywmuin

AnHoranus. Pabora mocBsleHa HCCIIEI0OBaHHUIO
MPOIIECCOB, KOTOPHIC BO3HUKAIOT MPH COBMECTHOM JIBH-
KCHUHU MCXAHHU3MOB U3MCHCHHUS BBIJICTA rpy3a u HOBOpO-
Ta OaleHHOro KpaHa ¢ TOPU3OHTAIBHON 0aloyHON CTpe-
JIOM.

B crarbe mpuBeneHa qUHAMUYECKas MOICTH TBIKE-
HUS MEXaHH3MOB M3MCHEHUS BBUICTA H IIOBOPOTA OallicH-
HOTO KpaHa, Ha OCHOBE KOTOPOHW C ITOMOINBI0 YPaBHEHUS
Jlarparxa BTOPOTO pojia COCTaBJICHA CHUCTEMa OOBIYHBIX
HENMHEHHBIX U (HepeHIUaTBHBIX YPAaBHCHHH BTOPOTO
nopsiaka. Pemenne momyueHHBIX U depeHITHaIbHBIX
ypaBHeHI/II\/’I OCyH_[eCTBJ'[eHO YUCJIICHHBIM MCETOAOM C HC-
MOJB30BAHUEM CTAHAAPTHBIX IIPOTPaMM, pPeE3YyJIbTaTOM
KOTOpI:.IX cTalin Fpa(i)I/I‘ICCKI/Ie 3aBUCUMOCTHU KMHCMATHU4YC-
CKHUX XapaKTepI/ICTI/IK U JUHAMHYCCKHX XapaKTepI/ICTI/IK
3BCHLCB l'IpI/IBO}IHI)IX MCXAaHHU3MOB U3MCHCHMHS BBIJIICTA U
MMOBOPOTA KpaHa, a TaKXkKe rpysa.

AHaIM3 TIONYYEHHBIX Tpa@UUecKUX 3aBHCHMOCTEH
MoKa3all, YTO B IPOIECCE MyCcKa MEXaHU3MOB W3MCHCHUS
BBUIETa M TIOBOPOTA KpaHa BO3HUKAIOT KOJCOAHHS KaK B
JJIEMEHTaX IOBOJY TaK U B HECYIIel KOHCTPYKIIUH, Iepe-
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JAI0TCSI Ha TPYy3 U MPUBOMST K €r0 packaunBaHue. Packa-
YUBaHWUE IPy3a YCIOXKHAET pabOTy KPaHOBIIWKA, YMEHb-
II1aeT MPOU3BOAUTENBHOCTh U TOYHOCTH MO3UIIMOHNPOBA-
HUSI Tpy3a HpH paboTe KpaHa, a TAKXKE CHIDKAET €ro
HaJIe)KHOCTh, YTO YBEIMYMBAET BEPOATHOCTH BO3HHKHO-
BEHMs aBapUMHBIX CUTyaluid. PelieHue MOCTaBIEHHBIX
3aJa4 JUHAMHUYECKOTO aHaJM3a COBMECTHOIO ABMXKECHUS
MEXaHU3MOB H3MEHEHHUS BbUIETA U IMOBOPOTa KpaHa B
npolecce MycKa IMO3BOJSIET YCTaHOBUTH (paKkTOPBI, BIIHSA-
IolIMe Ha KojeOaHus 3JIEMEHTOB ITPUBOJOB, KOHCTPYKIMN
U rpy3a. B pe3ynbraTe npoBeNeHHOr0 aHaln3a PEeKUMOB
ITyCKa MEXaHU3MOB U3MEHEHHMsI BbUIETAa U IIOBOPOTA KpaHa
YCTAQHOBJICHO, YTO BJIMSHHE Ha KOJECOAHUS 3JIEMECHTOB
KpaHa UMEET XapakTep W3MEHEHHS IBIDKYIIHNX MOMEHTOB
MPUBOJHBIX MEXaHM3MOB, a TaKKE T'€OMETPUYECKHE,
KHHEMAaTHIECKUE W MHEPLUUOHHBIE XapaKTCPUCTHUKH 3Be-
HbEB. [ CyIIECTBEHHOTO yMEHBIICHHUS AMHAMUYECKHX
3BEHBEB B DJIEMEHTAX IPHBOJHBIX MEXaHH3MOB, KOH-
CTPYKIMH KpaHa U Ipy3a, NPeIoKeHO MPOBECTU OINTH-
MHU3AlUI0 TICPEXOJHBIX PEKUMOB IYCKa U TOPMOKCHUA
npu COBMCCTHOM JAOBHIXCHHUH MCXAaHU3MOB H3MCHCHUSA
BBUIETA U TIOBOPOTE KPaHa.

Taxkas ONTUMU3alMA MMO3BOJUT YBCJINYUTH MMPOU3BO-
JUTENBHOCTh TPY30BBIX OMEPALMH U MOBBICUTH TOYHOCTh
TIO3UIIMOHUPOBAHNUS TPy3a B IPOLECCE €TO MePEMEIICHHS,
a TaKXKe MOBBICUTD MTPOU3BOANUTEIHHOCTh paOOTHI KpaHa U
YMEHBIIUTH BO3MOXXHOCTh BO3ZHHKHOBEHHS aBapHHHBIX
CUTYaLUH.

KaroueBble ciioBa: OaeHHBINH KpaH, JHHAMAYIECKast
MOACTIb, MCXaHU3M H3MCHCHUS BbLICTA, MCXAaHU3M IIOBO-
poTa, COBMCCTUM JABMKCHUEC, NUHAMHUYCCKUC HaAIrpy3KH,
aHaJIN3, MaTeMaTH4eCKasi MOICIb.

DYNAMIC ANALYSIS OF ROLLER MOLDING
INSTALLATION TAKING INTO ACCOUNT
DISSIPATIVE PROPERTIES BALANCED DRIVE
MECHANISM
V. S. Lovejkin, Yu. O. Romasevich, A. V. Loveikin,

D. I. Mushtyn

Abstract. The work is devoted to the research of the
processes that arise in the joint movement of mechanisms
of change of departure departure and rotation of the tower
crane with horizontal beam boom. The article presents a
dynamic model of motion of mechanisms of change of
departure and rotation of a tower crane, on the basis of
which, by means of the Lagrange equation of the second
kind, a system of ordinary nonlinear differential equations
of the second order is made. The differential equations
obtained were solved numerically using standard pro-
grams, which resulted in graphical dependences of the
kinematic characteristics and dynamic characteristics of
the links of the drive mechanisms of change of departure
and rotation of the crane, as well as the load.

The analysis of the obtained graphical dependencies
showed that during the start of the mechanisms of change
of departure and rotation of the crane oscillations occur
both in the elements of the drive and in the supporting
structure, which are transmitted to the load and lead to its
swing. The swinging of the load complicates the opera-
tion of the crane, reduces the productivity and accuracy of
the positioning of the load during the operation of the
crane, and also reduces its reliability, which increases the

likelihood of accidents. The solution of the tasks of dy-
namic analysis of the joint motion of mechanisms of
change of departure and rotation of the crane during the
start-up process allows to establish the factors that influ-
ence the oscillations of elements of drives, structures and
cargo. As a result of the analysis of modes of start-up of
mechanisms of change of departure and rotation of the
crane it is established that influence on oscillations of
elements of the crane has the character of change of driv-
ing moments of driving mechanisms, and also geomet-
rical, kinematic and inertial characteristics of links. To
significantly reduce the dynamic links in the elements of
the drive mechanisms, crane structures and cargo, it is
proposed to optimize the transient modes of start-up and
braking with the combined movement of the mechanisms
of departure and rotation of the crane.

Such optimization will increase the productivity of
cargo operations and increase the accuracy of the posi-
tioning of the cargo in the process of moving it, as well as
increase the productivity of the crane and reduce the pos-
sibility of emergencies.

Key words: tower crane, dynamic model, departure
mechanism, rotation mechanism, compatible motion,
dynamic loads, analysis, mathematical model.
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