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IIPUBOIiB

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

Pedepar:

1. Inceprarifine JOCHiIKEHHs TPUCBSIYEHE BUPILIEHHIO IPO6eMU MifiBUIEHHS JOBrOBIiYHOCTI 6AITOBUX KPaHiB
IIJISXOM 3MEHIIECHHS IMHAMIYHAX HAaBAaHTKEHb IIPU 3aCTOCYBAHHI YaCTOTHO-PETYJIbOBAHOTO IPUBOAY.
MopepHi3alis KpaHiB [aHOro TUILY i IPOJOBXEHHS iX eKCIyaTallii Moske 6yTY €KOHOMIYHO BUTiIHOIO B IIOPiBHSIHHI
i3 3amMiHOIO Ha HOBi KPaHU B pa3i OOIPYHTOBAHOCTI NIOAAJIBIIOI 6€3MEYHOI eKCIlTyaTallii. MeTow poboTH €
IiABUILEHHS TOBroBiYHOCTI 6amToBUX KpaHiB cepii Kb 3a paxyHOK 3MeHIIeHHS JUHAMIYHINX HAaBAaHTaXXEHb LIJISIXOM
3aCTOCYBaHHS YaCTOTHO-PETYJILOBAHOTO IIPUBOAY MEXaHi3MiB IIpPX MOZEepHi3allii. /11 JOCATHEHHSI METU I10CTaBJIEH]
HACTYIIHI 33[1a4i: - IPOBECTH aHaJi3 iCHYI0UMX NOCiIKeHb AMHAMIK/ 6AalITOBUX KPaHiB, BUKOHATU OIJIS[ Ta
CHCTEMAaTU3yBaTH HAIPO3MOBCIOIPKEHII IPUYMHY Ta PI3HOBUIM BiIMOB 6AIITOBMX KPaHiB B LIiJIOMY i KpaHiB cepii

KB, mo MaoTh 06epTasipHy 6aITy i 06s1aHaHI MaX0BOIO ab0 6aJIKOBOIO CTPIiJIOI0, BUBHAUMUTHU CTaH apKy OAIITOBUX



KpaHiB B YKpaiHi; - mo6yayBaTy MaTeMaTU4Hi MOJeJli pO60TH MeXaHi3My IIOBOPOTY 6AIITOBOTO KPaHY 3
yPaxyBaHHSM MEXaHIYHOI XapaKTEPUCTUKY €JIEKTPUYHOTO IIPUBOAY 3 YACTOTHUM KEPYBAHHSIM Ta BU3HAYUTU
IVAHAMIi4HI XapaKTepPUCTHKU PyXy 3a Pi3HMX 3aKOHIB 3MiHU MIBUAKOCTI BIIPOJOBXK MEPEXiITHNUX PEXXMMIB, BUSHAYUTH
ONTHUMAJIbHi 32 MBUAKOI€I0 3aKOHU KEPYBAaHHS [IPMBOIHUM ABUTYHOM M€XaHi3My [TOBOPOTY CTPiJIOBOTO KpPaHy 3
MiJBilIEHMM BaHTaKEM; - PO3POOUTU TBEPLOTI/IbHY i 6aKOBY 3d MOZ€Jli METaJIOKOHCTPYKLii 6alITOBOrO KpaHy
cepii Kb Ta npoBecTy YMCEeNbHNNA EKCIIEPMMEHT 3 MOJIEJIIOBAHHS DO3TOHY MEXaHi3My IIOBOPOTY 711 BUSHAYEHHS
IVHaMiYHUX XapaKTePUCTUK NEPEXiAHOrOo MPoLecy Ta 3MiHM Hallpy)XeHO-1e(POPMOBAHOTO CTaHY €JIEMEHTIB
METaJIOKOHCTPYKIii MEeTaZlOKOHCTPYKLii KpaHy Py pi3HMUX 3aKOHAX KEPYBaHHS; - BCTAHOBUTU B3a€MO3B'SI30K MiX
3aKOHAMU KepyBaHHS TPALULIMHOIO i 4aCTOTHO-PEryJIbOBaHOTO IIPUBO/IiB MEXaHi3My ITIOBOPOTY OAIITOBOTO KpPaHY 3
IiI0UMMU Halpy>KeHHSIMU B €JIEMEHTAaX METaJIOKOHCTPYKIIii Ta OBrOBiUHICTIO; - PO3POOMTH peKOMeHallii 3
MOJIepHi3allii 6amToBuX KpaHiB cepii Kb mIsgxoM 3aCTOCYyBaHHS 4aCTOTHO-PETYIbOBAHOTO IIPUBOJY MEXAHI3MIB i
MIOKPAIIEeHHS HAMIPY>KeHO-A4e()OPMOBAHOT0O CTAaHY METAJIOKOHCTPYKLi. Y BCTYIi 0GIPYHTOBAHO aKTyaJIbHICTb
po6OTH, BUSBHAYEHO METY, ifIel0 Ta PO3B’sI3yBaHi 3aBJjaHHS, BU3HAYEHO OCHOBHI I10JIOKEHHS, HAyKOBa HOBM3HA Ta
IIpaKTMYHA 3HAYYLIiCTh. Y IepUIOMY PO3[iji BAKOHAHO OIJISZ, Cy4aCHOTO CTaHy AOCJiIPKEHD B rayly3i IUHAMIK1
6almTOBUX KPaHiB, CUCTEM K€PYBaHHS Ta ONTUMIi3allii pyXy KPaHOBUX ME€XaHi3MiB. PO3IJIIHYTO CTaTUCTHKY CTaHy
napKy 6amrToBux KpaHiB B YkpaiHi. CpopmysibOBaHO TinoTesy JoCHiIKeHHs. Y TpyroMy po3zii mpeicTaBieHo
aHaJi3 IMHAMIKM Ta ONTMMAJIbHOTO KEPYBaHHS MEXaHi3MOM ITIOBOPOTY 6aITOBOro KpaHay. CKJIaZleHO IT'STUMACOBY
MaTeMaTU4Hy MOJieJib 6AIITOBOIO KpPaHy IpY OBOPOTi HA OCHOBI, 110 BPAaxOBYye iHepLiliHi XapaKTePUCTUKU
IIOBOPOTHOI IJIaTOpMHU, 6ALITH, CTPL/IM Ta BAHTaXy Ha THYYKOMY IifiBici, IPY>KHI 3B'S1I3KM MK HUMHU, @ TAaKOX BILIUB
MEXaHIYHOI XapaKTePUCTUKU IPUBOJY. BUKOHAHO CHMHTE3 3aKOHIB ONITUMAJILHOTO 32 IIBUJIKOMI€I0 PYXY MEXaHi3My
IIOBOPOTY 3 YCYHEHHSIM KOJIMBaHb Ha I10YaTKy POOOYOTro LUKIY. Y TPeTbOMY pPo3aiji. Po3pobaeHo po3paxyHKoBy 3d
MOJ€JIb METaJIOKOHCTPYKLiI 6alITOBOrO KpaHy [AJ1s1 MOKJIMBOCTI BU3HAYEHHSI HANIPYXEHHO-A€(POPMOBAHHOIO CTaHy
Ha OCHOBIi METO[y KiHII€BUX €JIEMEHTIB. Y Y4€TBEPTOMY PO31iJi IPEeACTaBIE€H] pe3yJIbTaTU YACEJILHOTO
€KCIIEPUMEHTY 3 BUBHAYEHHS HANPYKEHHO-1,e(POPMOBAHHOIO CTaHy €JIEMEHTIB METaJIOKOHCTPYKLi. Buxonsym 3
Pe3yJIbTaTiB YUCEJIPHOTO €KCIIEPUMEHTY, BU3HAYEHO 3aKOHOMIPHOCTI 301/IbIIE€HHS JOBFOBIiYHOCTI 3BapHUX 3'€JHAHb
METaJIOKOHCTPYKIill 6alITOBMX KPaHiB IIPY 3aCTOCYBaHHI IPUBOJY 3 YaCTOTHUM KEPYBaHHSM. Y I'ITOMY PO37ii
IIpeNCTaBJI€Ha peaisalis CUCTEMU PaJiOKepyBaHHS [IOBOPOTHOTO KPaHy 3 YaCTOTHUM PETYJIIOBAHHSM IIBUIKOCTI
€JIEKTPOIBUTYHIB MEXaHi3MiB IifJHIMaHHS BaHTaXy i IOBOPOTY. 3alIPOIIOHOBAHO KOHCTPYKLIIO TATM PEryJIbOBaHOI
IOBKMHU Ta CIOCI6 3aKpiljieHHs 6allITOBOTO KpaHy, 10 MiIBUIIY€E NOBrOBiYHICTh LIJIIXOM CTBOPEHHS B TArax
3a/IaHOTO PO3PaxyHKOBOTO 3yCHJUIS i YHUKEHHHSI HAIMipDHUX HaBaHTaXeHb. Haykosi pesynbraTu: 1. Bnepme
OTPUMAaHO 3aKOHOMIPHOCTI 30iJIbII€HHS KiJIbKOCTI LJMKJIiB HAaBaHTA>XXEHHS1 0 HACTAHHS YTOMU IIPY 3aCTOCYBaHHi
YaCTOTHUX NPUBOZIB 6AMITOBUX KPaHIB Mif, Yac MOJiepHizaliii, 1110 T03BOJIsSIE KiJIbKiCHO BUBHAUUTH MiJIBUILIEHHS
IIOBIOBIYHOCTI €JIEMEHTIB METAJIOKOHCTPYKLIi. 2. Briepiie BCTaHOBJIEHO 3aKOHOMIPHOCTI 3MiHM IMHAMIYHUX
XapaKTepPUCTUK PyXy B CUCTEMi IIPUBiJ, — TOBOPOTHA IIy1aTpopma — GaluTa — CTpijia — BAHTaK Ha 'HYYKOMY MifBici
L7151 BUBHAUEHHSI 3yCWJIb Y BCiX JIaHKaX KpaHy 3 [IOBOPOTHOIO 06ALITOIO 3 YpaXyBaHHIM MEXaHIYHMX XapaKTePUCTUK
IIPUBOAY NOBOPOTY. 3. YOOCKOHAJIEHO IUHAMIYHI MOJ€Jli MeXaHi3My IIOBOPOTY 6AIITOBUX KPaHiB IJISIXOM BPaxyBaHs
MEXaHIYHOI XapaKTEPUCTUKY MTPUBO/IIB, 1O I03BOJISIE BU3HAYATH JVMHAMI4YHI HABaHTaKEHHS] BUKOPUCTOBYIOUU B
SKOCTI BXiZJHOTO TIapaMeTPy 3aKOH 3MiHM 4YaCTOTU KepyBaHH4. 4. OTpHMMaJIM IOJAJIbIINY PO3BUTOK KPUTEPIi
onTHUMi3allii KEpyBaHHS ME€XaHi3My IIOBOPOTY CTPiJIOBUX KPaHiB, 3aBIsIKM YOMY CUHTE30BaHO ONITUMAJIbHUM 32
LIBUAKOMIEI0 3aKOH PYXY 3 MiHIMaJIbHOIO KiJIbKICTIO [IEPEKIIOYEHD IPUBOLHOIO ABUIYHA | yCYHEHHAM KOJIMBAaHb

BaHTaXXy BIIPOJOBX PO3roHy. Pe3ysibTaTy BIPOBAIKEHO Y HaBYaJIbHUI IIPOLieC 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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e Kosasnenko B. O.; Crpuwxkaxk B. B., KoBanenko O. O., Crpuwxkak M. I'., Tdara perysiboBaHoi oBXuHU. [IaTeHT Ha
KOpHUCHY Mozenb Ykpainu N2 150839 Vkpaina, MITK (2006) B66C 23 /20. N2 202106488; naTeHTOBIaCHUK:
Kosanenko B. O., Kosanenko O. O., 3asBneHno 17.11.2021; ony6sikoBano 27.04.2022, Bios.N2 17.

HaykoBa (HayKOBO-TEeXHiYHa) MPOMYKILisI: 1puCTpOi; TEXHOJIOTII; METO/M, TEOPIi, TiNOTe3u; MPOEKTH
HOPMAaTUBHUX IOKYMEHTIB; METO/IMYHI JIOKYMEHTH

COI.liaJIbHO-eKOHOMi‘IHa CHpﬂMOBaHiCTb: 3MEHUIEHHS 3HOCY 00J1afHAaHHS; iIBUIIEHHS aBTOMaTH3allii

BUPOOHUYMX ITPOLIECIB

OxopoHHi gJokymeHTH Ha OIIIB:

Bunaxonu, KOpPUCHiI MOJieJIi, MPOMUCIIOBI 3pa3Ku
1. OxyHs A. O., KoBanenko B. O., I'y6cpkuii C. O., KoBanenko O. O. LiebpeHko M. B. Mo6inbHUI KabenbHUN
KpaH. [laTeHT Ha KopucHY Mozenb YKpainu N2 132453 Ykpaina, MIIK (2006) B66C 21/00. N2 201809804;
[IaTEHTOBJIACHUK: HallioHasIbHUI TEXHIYHUI YHIBEPCUTET "XapKiBCbKUI MOJITEXHIYHMIA iHCTUTYT", 3a5IBJIEHO
01.10.2018; ony6ikoBaHo 25.02.2019, Brosi1.N¢ 4. 2. KoBaneHnko B. O.; Crpuwxkak B. B., Koanenko O. O., Ctpuxkak
M. T., Crioci6 MOHTaXy OITOPHOTrO KpilJIeHHs 6alITOBOTO KpaHa 110 OyiBii, o 6yayeThes. [IaTeHT Ha KOpUCHY
mogenb Ykpainu N2 150838 Ykpaina, MIIK (2006) B66C 23 /20. N2 202106487; nateHTOBNIacHUK: KoBaseHKo B.
0., Kosanenko O. O., 3agsyneno 17.11.2021; ony6srikoBano 27.04.2022, bron.N2 17. 3. Kosanenko B. O.; Ctpuxak B.
B., KoBazneHnko O. O., Crpuxkak M. I'., Tdra perysnboBaHoi foBXuUHU. [IaTeHT HA KOPUCHY MOZENb YKpaiHy N2
150839 Ykpaina, MIIK (2006) B66C 23 /20. N2 202106488; natentoBnacHuk: Kosanenko B. O., Kosanerko O. O.,
3asBieHo 17.11.2021; ony6sikoBaHo 27.04.2022, Broy.N2 17.

BrnipoBazykeHHs pe3yJIbTaTiB AUCePTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TEMaMH:

VI. BizomocTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KoBanienko BasneHtuH OJsieKCcaHIpOBUY

2. Banentun O. KoBaneHko

KBasigikanis: k.r.u., npodecop, 05.05.05

InenTudikarop ORCID ID: 0000-0001-9161-198X

JoparkoBa iHpopmauist: https://www.scopus.com/authid /detail.uri?authorld=57889320200

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180



Micue3HaxoaKeHHS: By Kupninyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. [Toponaxk Oner CrernaHoBUY

2. Oleg S. Podolyak

KBasigikamis: . t. u., gou., 05.05.05
Inentudikarop ORCID ID: 0009-0009-4490-5497

HoparkoBa iHpopmamist: https://scholar.google.com/citations?user=fmm94FcAAAAJ&hl=en&oi=sra;
https:/ /www.scopus.com /authid /detail.uri?authorld=57216371049

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: XapKiBCbKUil HALiOHAbHUI YHiBepcuTeT im. B.H. Kapasina
Kopg 3a €IPIIOY: 02971205

Micue3HaxoaKeHHS: , Xapkis, XapkiBcbKuii p-H., 61077, Ykpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Pomacesud [Opiit OsiekcaHapoBuy

2. Yurii O. Romasevych

KBasigikanis: 1. 1. u., npodecop, 05.05.05
Imentudikarop ORCID ID: 0000-0001-5069-5929

HoparkoBa indpopmamist:
https://www.scopus.com /authid /detail.uri?authorld=57196472815&origin=resultslist;
https://scholar.google.com /citations?hl=en&user=CfM7E8gAAAA]

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepCUTET 6i0pECYpCiB i

TIPUPOIOKOPUCTYBaHHS YKpaiHu

Kopg, 3a €IPITIOY: 00493706

Micue3HaxoO KeHHS: By [epoiB O6oponu, 6yx. 15, Kuis, 03041, Vkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu



InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Typunn Onbra BosogumupiBHa

2. Olha V. Turchyn

KBasigikamis: . t. u., gou., 05.05.05
InenTudgikarop ORCID ID: 0000-0002-9153-3704

JoparkoBa iHpopmawist: https://www.scopus.com /authid /detail.uri?authorld=58160178700;
https://scholar.google.com /citations?hl=en&user=wyCfw98AAAAJ

IloBHE HalIMEHYBaHHS IOPUAMYHOI 0COO0M: HauioHanbHuii TexHiYHMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tanimamaka AHaToziit BonogumMupoBuy

2. Anatoliy V. Gaydamaka
KBasigikamis: g, 1. n., nou., 05.02.02
InenTudgikarop ORCID ID: 0000-0002-6952-4086

JoparkoBa iHpopMamist: https://scholar.google.com/citations?hl=en&user=YGPazOUAAAAI;
https:/ /www.scopus.com /authid /detail.uri?authorld=57208387129

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi
Biacue IpizBume Im's [10-6aThKOBI 3axosoporHuit Onexcausp FOpifiosnd

TOJIOBH pagu



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

3axkoBopotHuii Onekcanap KOpiioBrny

Crpwkak Becesonop BikropoBud

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



