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2. Improving the reliability of KB series tower cranes by using variable frequency drives

Pedepar:

1. lucepTarifine nocifKeHHs TPUCBsIYeHe BUPIIEHHIO TPOOJIeMU TiABUIEHHS IOBrOBIYHOCTI 6aIlITOBUX KPaHiB
LIJIIXOM 3MEHIIEeHHS AUHAMIYHNUX HaBaHTaKEeHb [IPY 3aCTOCYBaHHI YaCTOTHO-PEryJIbOBAHOTIO IIPUBOAY.
MogepHi3zalist KpaHiB JaHOTO TUILY i IPOJOBXEHHS iX eKCILTyaTalii Moxe 6T €KOHOMIUYHO BUTIIHOIO B [IOPiBHSHHI
i3 3amMiHOIO Ha HOBi KpaH!U B pa3i OOIPYHTOBAHOCTI IIOAAJIBIIOI 6e3I1e4YHO] eKcITyarTallii. MeToio poboTu €
IiIBUILIEHHSI IOBrOBIYHOCTI 6aIToBUX KpaHiB cepii Kb 3a paxyHOK 3MEHIIIE€HHS JUHAMiYHUX HaBaHTaXXEHb LIIJISIXOM

3aCTOCYBAHHS YaCTOTHO-PETYJIbOBAHOIO IIPUBOY MEXaHi3MiB IIpM MOAEpHi3awii. [lJ1s1 4OCSTHEHHS METU I1OCTABJIEH]



HACTYIIHI 33/1a4i: -~ IPOBECTH aHaJi3 iCHYIOUMX IOCiIKeHb AUHAMIK/ 6alITOBUX KPaHiB, BUKOHATH OTJIS[, Ta
CHCTEMaTU3yBaTH HaNPO3MOBCIOAKEHIl IPUYNHY Ta PI3HOBUIM BilMOB OAIITOBMX KPaHIB B LiJIOMY i KpaHiB cepii
KB, m0 MaioTh 06epTasyibHy 6alTy i 061aJHaHI MaX0BOIO ab0 06aIKOBOIO CTPIiIOI0, BUBHAUMUTHU CTaH NapKy 0AIITOBUX
KpaHiB B YKpaiHi; - no6ygyBaTh MaTeMaTU4YHi MOJiesli POOOTH MeXaHi3My [TOBOPOTY 6alITOBOTO KPaHy 3
yPaxyBaHHSM MEXaHIYHOI XapaKTEPUCTUKU €JIEKTPUYHOTO IIPUBOAY 3 YACTOTHUM KE€PYBAHHSIM Ta BU3HAYUTU
IVAHAMIYHI XapaKTepPUCTUKU PyXy 3a Pi3HMX 3aKOHIB 3MiHU MIBUAKOCTI BIIPOJOBXK MEPEXiTHNUX PEXXMMIB, BUSHAYUTH
ONTUMAJIbHi 3a MIBUAKOIi€I0 3aKOHU KEPYBAaHHS [IPMBOIHUM ABUTYHOM M€XaHi3My [TOBOPOTY CTPiJIOBOTO KpPaHy 3
MifBilIeHUM BaHTaXXEM; - PO3POOUTHU TBEPOTINIbHY i 6asKoBy 3d MOZesi MeTaJIOKOHCTPYKILii 6allITOBOTO KpaHy
cepii Kb Ta npoBecTy YMCeNbHU €KCIIEPUMEHT 3 MOJE/IIOBAHHS PO3TOHY MEXaHi3My ITIOBOPOTY 711 BU3HAYEHHS
IVHaMiYHUX XapaKTepUCTUK IePEXiHOro Mpolecy Ta 3MiHM Halpy)XeHO-71e(POPMOBAHOTO CTaHY €JIEMEHTIB
METaJIOKOHCTPYKIii MEeTaIOKOHCTPYKIii KpaHy Py pi3HUX 3aKOHAX KEPYBaHHS; - BCTAHOBUTU B3a€MO3B'SI30K MiX
3aKOHAMMU KE€PYBaHHS TPAULIIHOrO i YaCTOTHO-PETryIbOBAHOTO IPUBO/IiB MEXaHi3MY IOBOPOTY 6ALITOBOrO KPaHy 3
IiIOYMMU Halpy>KeHHSIMU B eJIEMEHTaX METaJIOKOHCTPYKIIii Ta IOBrOBiUHiCTIO; - PO3POOUTH peKOMeHaLlii 3
MOJIepHi3allii 6amToBuX KpaHiB cepii Kb m1sgxoM 3aCTOCYBaHHS 4aCTOTHO-PETYJIbOBAHOTO IIPUBOJY MEXAHI3MIB i
[OKpAILEHHS HAIPY>KEHO-1e(pOPMOBAHOTO CTAaHy METAJIOKOHCTPYKLii. ¥ BCTYIIi OOI'PYHTOBAHO aKTyaJIbHICTh
pobOTH, BUBHAYEHO METY, iflel0 Ta pO3B'sI3yBaHi 3aBAaHHs, BU3HAYEHO OCHOBHI I10JI0KEHHS, HAyKOBa HOBU3HA Ta
[IpaKTU4HA 3HAYYLIiCTh. Y IIEPUIOMY PO3Zijli BUKOHAHO OIJISA], Cy4aCHOTO CTaHy JOCIIIPKEHD B rayy3i IMHAMIKU
6alTOBUX KPaHiB, CUCTEM K€PYBaHHS Ta ONTUMIi3allii pyXy KpaHOBMX ME€XaHi3MiB. PO3IJIIHYTO CTaTUCTUKY CTaHy
napKy 6amToBUX KpaHiB B YKpaiHi. CopMyIbOBaHO TiNnoTe3y AOCTiIKeHHs. Y Ipyromy po3zii npeacraBieHo
aHasli3 JUHAMIKU Ta ONITUMAaJIbHOT'O KepyBaHHS MEXaHi3MOM IIOBOPOTY 6aiToBoro KpaHay. CKjazfeHo II'STUMacoBy
MaTeMaTU4HYy MOJieJib 6AIITOBOTO KpPaHy IpY IOBOPOTi HA OCHOBI, 110 Bpax0OBye iHepLilHi XapaKTepUCTUKU
IIOBOPOTHOI NIaTGOpMHU, 6ALITH, CTPL/IM Ta BAHTaXy HA THYYKOMY MifiBiCi, IPY>KHI 3B'S1I3KM MK HUMHU, @ TAaKOX BILIUB
MEXaHIYHOI XapaKTEPUCTUKHU NTPUBOlY. BUKOHAHO CMHTE3 3aKOHIB ONITUMAJIBHOTO 32 MIBUAKOMIEI0 PyXy MEXaHi3My
IIOBOPOTY 3 YCYHEHHSIM KOJIMBaHb Ha II0YaTKy POGOYOTro LUKIY. Y TpeTbOMY po3aisi. Po3pobiaeHo po3paxyHKoBy 3d
MOJ€JIb METAJIOKOHCTPYKIil 6allITOBOrO KpaHy [J1s1 MOKJIMBOCTI BU3HAUEHHSI HANIPYXEHHO-A€()POPMOBAHHOIO CTaHY
Ha OCHOBI METO[y KiHIIEBUX €JIEMEHTIB. Y YETBEPTOMY PO3[iji IpeACTaBIeH] pe3yIbTaTU YUCETILHOTO
€KCIIEpPMMEHTY 3 BU3HaY€HHsI Hallpy>KeHHO-Je(OPMOBAHHOTIO CTaHy €JIeMEHTIB METaJIOKOHCTPYKILii. Buxomsuu 3
Pe3yJIbTaTiB YUCEJIPHOTO €KCIIEPUMEHTY, BU3HAYEHO 3aKOHOMIPHOCTI 301/IbII€HHS JOBIOBIYHOCTI 3BapHUX 3'€JHAHb
METaJIOKOHCTPYKIill 6alITOBMX KPaHiB IIpY 3aCTOCYBaHHI IPUBOJY 3 YaCTOTHUM KEPYBaHHSM. Y I'ITOMY PO37isi
IIpeNCTaBJIeHa peaisallis CUCTEMU PaJliOKepyBaHHS [IOBOPOTHOTO KPaHy 3 YaCTOTHUM PETYJIIOBAHHSM IIBUAKOCTI
€JIEKTPOJBUTYHIB MEXaHi3MiB IifIHIMaHHS BaHTaXy i IOBOPOTY. 3alIPOIIOHOBAHO KOHCTPYKLIO TATY PEryIbOBaHOI
IOBXKVHMU Ta CIIOCIO 3aKpilljIeHHs 6alITOBOrO KPaHy, 1o MiiBUIy€e JOBrOBIYHICTb LIJISIXOM CTBOPEHHS B TArax
33JAHOTO PO3PAaXYHKOBOTI'O 3yCUJLIA 1 YHUKEHHHS HAAMIPDHUX HaBaHTaKeHb. HayKoBi pesynbratu: 1. Bnepiie
OTPUMAaHO 3aKOHOMIPHOCTI 30i/IbII€HHSI KiJIbKOCTI LJMKJIiB HAaBaHTa>XEHHSI O HACTaHHS YTOMU [P 3aCTOCYBaHHi
YaCTOTHUX NPUBOZIB 6AMITOBUX KPaHIB Mif, yac MOJiepHizaliii, 110 103BOJIsIE KiJIbKiCHO BUBHAUUTHU MiJIBUILIEHHS
IIOBIOBIYHOCTI €JIEMEHTIB METAJIOKOHCTPYKLIi. 2. Briepiie BCTaHOBJIEHO 3aKOHOMIPHOCTI 3MiHM IMHAMIYHUX
XapaKTepPUCTUK PYXy B CUCTEMi IIPUBif — MOBOPOTHA Iy1aTpopma — GamTa — CTpisia — BAaHTaK Ha THYYKOMY MifBici
L7151 BUBHAUEHHSI 3yCUJIb Y BCiX JIaHKaX KpPaHy 3 [IOBOPOTHOIO OALITOIO 3 YpaXyBaHHIM MEXaHIYHMX XapaKTepUCTUK
IIPUBOAY NOBOPOTY. 3. YOOCKOHAIEHO IUHAMIYHI MOJIeJli MEeXaHi3My IIOBOPOTY 6AIITOBMX KPaHiB IJISIXOM BPaxyBaHs
MEXaHIYHOI XapaKTEPUCTUKU IIPUBO/IB, O LO3BOJISIE BUZHAYATY NVMHAMIYHI HABAHTA)KEHHS BUKOPHCTOBYIOYU B
SIKOCTI BXiJHOTO ITapaMeTPy 3aKOH 3MiHM 4aCTOTU KepyBaHH4. 4. OTpHUMaIM OAAJIbIINY PO3BUTOK KpUTEPIi
onTHUMi3allii KEpyBaHHS ME€XaHi3My II0BOPOTY CTPiJIOBUX KPaHiB, 3aBJIIKM YOMY CUHTE30BaHO ONTUMAJIbHUM 32
IIBAJIKOJ€I0 3aKOH PYXY 3 MiHIMaJIbHOIO KiJIbKICTIO IEPEKJII0YEHD IPUBOJHOTO IBUTYHA i YyCYHEHHSM KOJINBAHb

BaHTaXXy BIPOJOBX PO3roHy. Pe3ysibTaTy BIPOBAIKEHO Y HABYAJIbHUI [TPOLEC Ta BUPOOHUIITBO.

2. The research is devoted to solving the problem of increasing the durability of tower cranes by reducing dynamic
loads when using a frequency-controlled drive. Modernisation of cranes of this type and continuing their
operation can be economically advantageous compared to replacing them with new cranes if further safe
operation is justified. The aim of the work is to increase the durability of KB series tower cranes by reducing



dynamic loads through the use of frequency-controlled drives during modernisation. To achieve this goal, the
following tasks have been set: - to analyse existing studies of the dynamics of tower cranes, review and
systematise the most common causes and types of failures of tower cranes in general and KB series cranes with a
rotating tower and equipped with a swing or beam jib, and determine the condition of the tower crane fleet in
Ukraine; - build mathematical models of the operation of the tower crane slewing mechanism, taking into account
the mechanical characteristics of the frequency-controlled electric drive, and determine the dynamic
characteristics of movement under different speed change laws during transient modes; determine the optimal
speed control laws for the drive motor of the slewing mechanism of a jib crane with a suspended load; - Develop
solid and beam 3D models of the metal structure of the KB series tower crane and conduct a numerical experiment
to simulate the acceleration of the slewing mechanism to determine the dynamic characteristics of the transition
process and changes in the stress-strain state of the metal structure elements of the crane under different control
laws; - establish the relationship between the control laws of traditional and frequency-controlled drives of the
tower crane slewing mechanism with the stresses in the metal structure elements and durability; - develop
recommendations for the modernisation of KB series tower cranes by applying frequency-controlled drive
mechanisms and improving the stress-strain state of the metal structure. The introduction justifies the relevance
of the work, defines the goal, idea and tasks to be solved, and identifies the main provisions, scientific novelty and
practical significance. The first chapter provides an overview of research on the dynamics, control systems and
optimisation of tower crane movement and formulates the research hypothesis. The second chapter presents an
analysis of the dynamics and optimal control of the slewing mechanism. A five-mass model of a tower crane is
constructed, taking into account the influence of the mechanical characteristics of the drive. The laws of optimal
control of the slewing mechanism are synthesised with the elimination of oscillations at the beginning of
movement. In the third chapter, a computational model of the metal structure of a tower crane was developed to
determine the stress-strain state using the finite element method. The fourth chapter presents the results of a
numerical experiment to determine the stress-strain state of the metal structure. The patterns of increasing the
durability of welded joints when using a frequency drive are determined. The fifth chapter presents the
implementation of a control system for a slewing crane with frequency control of the speed of electric motors of
the load lifting and slewing mechanisms. A design for an adjustable-length tie rod and a method for securing a
tower crane are proposed, which increases durability by creating a specified design force in the tie rods and
avoiding excessive loads. Scientific results: 1. For the first time, the patterns of increasing the number of load
cycles before fatigue occurs when using frequency drives for tower cranes during modernisation have been
obtained, which allows the increase in the durability of metal structure elements to be quantified. 2. For the first
time, the patterns of change in the dynamic characteristics of movement in the drive-rotating platform-tower-
boom-load system on a flexible suspension have been established to determine the forces in all links of a crane
with a rotating tower, taking into account the mechanical characteristics of the rotation drive. 3. The dynamic
models of the tower crane slewing mechanism have been improved by taking into account the mechanical
characteristics of the drives, which allows the dynamic loads to be determined using the control frequency change
law as an input parameter. 4. The criteria for optimising the control of the slewing mechanism of jib cranes have
been further developed, resulting in the synthesis of an optimal motion law in terms of speed with a minimum
number of drive motor switching operations and the elimination of load oscillations during acceleration. The
results of the work have been implemented in the educational process and production.
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