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Bogk I1LE. XapakTepucTUKU TPaHUYHOTO MPY>KHOTO 1 MPYKHO-IJIACTUYHOTO
CTaHIB MiAHIMaNbHMX KaHaTiB.— KBamidikaliiiHa HaykoBa TMpallsi Ha IpaBax
pykonucy. [duceprauis Ha 3100yTTS HAYKOBOTO CTyHEHS JOKTOopa Quiocodii 3a
cnemianbHicTiO 131 «lIpuknanna mexanikay — HaiioHanpHUN yHIBEPCUTET
«Onecpka noimTexnika», Oneca, 2023.

PoGota mpucBsiueHa po3paxyHKy HECIBHOI CIPOMOKHOCTI CTaJI€BUX
NiTHOMHMX KaHATiB 4epe3 BBEACHS JIBOX MIIHICHUX XapaKTEPUCTHUK: 3yCHILISA
TPAaHUYHOTO MPY>KHOTO CTAHY Ta 3yCHIUIS TIOCATHEHHS CTaHy MPY>KHO-TUIACTUYHOTO
nedopmyBaHHs. [[pyra xapakTepuCcTHKa BiJIMOB1Ia€ HECYUiil CIIPOMOKHOCTI KaHATY
1 BHM3HAsA4Ya€ThCsd Ha OCHOBI Jedopmaniii ApOTMH B KaHaTi 1 MaTpuul Horo
xopcTtkoctedd. OOWABI  BEIWYUHH PO3PAXOBYBIHMCS JUISI YTOPHPHOX CXEM
HAaBAaHTAXXCHHS KaHATy: pO3TATaHHSA KaHATy 3 BaHTAXEM B HAMPaBIAIOUNX,
pPO3TSATaHHS BUIBHO MIABIIEHUM BaHTAa)KE€M, PO3TATaHHS 31 3rUHOM Ha OapabaHi
BaHTa)XEM B HAIPaBISIOYMX Ta PO3TATAHHS 31 3TMHOM Ha OapabaHi BUIBHO
miABiIeHMM BaHTaxeM. [Ipu moOymaoBi METOJIB PO3pPaxyHKY 3a3HAUYCHUX BHIIEC
JIBOX MIIHICHUX XapaKTEPUCTUK OyJ0 pPo3po0JEeHO Ta IHTETPOBAHO METOJ
BpaxyBaHHS MDKEJIEMHETHOTO TEPTSI MK MPOBOJIOKAMH Ta IIapaMH KaHaTy.

VY Berymi oOrpyHTOBaHO BUOIp HAmNpSMKY AOCHIDKEHHS Ta BHCBITJIICHA 11
akTyajapHiCTh. Ha oCHOBI mporo copmMoBaHO METY 1 3aBAaHHS JOCIIKEHHS.
3a3HaueHO HAYKOBY HOBU3HY OTPHMAaHUX PE3yJIbTATIB Ta 1X MPAKTUYHY IIHHICTb.

B nepmomy po3zaini «Ctan nmpobiiemu Ta GopMyIIFOBaHHS 3a7a4 JUCEPTAIlii»
HABEJICHO aHaJi3 Cy4YyaCHOTO pIBHA Teopii JePOopMOBAHO-HAMPYKEHOTO CTaHY
BUpOOiB 3 BUTOTO NpoTy (kaHartiB, mpoBoaiB JIEII, kabenb-kaHaTiB, KapOTAXKHUX
kabeniB). CKanoch JBa HAMPSMKH TEOPETUYHOTO JOCIIKEHHS J1e(OopMOBaHOTO
CTaHy KaHaTiB.

[epmmit Hanpsimok — 11e pobotu M. @. ['mymiko, C. T. Cepreesa Ta ix y4HiB,
SKi CTBOPUIIM OCHOBY «OyAiBeTbHOT MeXaHIKK KaHaTtay». B poboti M. @. ['mymiko
po3paxyHKoBa cxema moOynoBaHa Ha piBHSHHAX cTtatuku Kipxroda mis ToHKHX

cTepkHiB, TeopeMi KactinbsiHo Ta Metoal cwil. Opep:kaHi ABa pIBHSHHSA CTaTUKU



CTOCOBHO IPSIMOr0 KaHaTy, L0 CKIafaeTbcsa 3 OxHOl aporuHu. IIpoctum
MIACYMYBAaHHSIM PIIICHHS y3arajbHEH1 10 MOBHOLIHHOIO KAaHATY K OJMHApPHOIO,
TaK 1 No/JB1iHOrO 3BUBaHHs. Ha 0CHOB1 ABOX qudepeHiadbHUX PIBHSIHB OJEpKaH1
BUpa3u Jedopmaiiii po3TAraHHs 1 KpY4YeHHS KaHata [Jisi YOTUPbOX CXEM
HaBaHTAKEHHS MPSMOTO KaHaTa, Cepe]] HUX: YHCTE PO3TATAHHS TOOTO B HAPSIMHUX
1 BUTBHO M1JIBIIIICHUM BaHTaXKEM.

BrnuB TepTs Mixk eeMeHTaMu Ha ix 1eopMoBaHUil cTaH B poOOTax Mepuioro
HampsIMKy HE BpaxOBYEThCS. 3pOOJIECHO TOMMIKOBE MPUIYIICHHS: «...0ymemo
NPUITYCKATH, 1110 TPYKHI NEPEMIIICHHS MIAKOPSIIOTHCSA TIOTE31 IJIaCKUX Nepepi3iB
1 HEBUKPUBJICHHS pajiyciBy. Jlami moMuiIKoBHI BUCHOBOK: «...Ha Topisx kaHata
NPOBOJIOKM 3 €AHAHI JPYr C JAPYrOM JKOPCTKO... OTPUMYIOTH OJHAKOBIi
NEepeMillleHHA. 3BIJICH BHUXOAWTh TaKOX, II0 Yepe3 CYMICHICTb MPYKHHUX
NepeMIllIeHb IIapiB MPOBOJOK, HE TUBISIYMChH Ha KOHTAKTHHHA THCK MK HUMH,
BHYTPIIIHI CHJIU TEPTS HE Pealli3yloThes». P03 ICHEHHS 3a3HAaY€HOT TOMUIIKOBOCTI
nokazano B 11.2.1 1 2.2 naHoi poOoTHu.

Hpyruii HanpsiMok — 11e¢ po6otu .M. Yatona. IlpuHIuMnoBa BiAMIHHICTH
MoJISITa€ B BU3HAUCHHI1 KOPCTKOCTEHN Mepepizy KaHaTa 1 JOCTiIKEHH1 30BHIIIHHOTO
1e(hOpMOBAHOTO CTaHY.

Busnauaerbcss He nBI, a 4doTupw AedopMairii po3TATaHHS, KPYyYCHHS Ta
3TUHAHHS TIAHIMAJIBHOTO KaHATy B 3aJ€KHOCTI BiJl CXEMH HaBaHTKCHHS 1
I00aJbHOT MATPHUIIl PO3MIPY |4><4| YKOPCTKOCTI Tiepepizy kaHarty. Lle Bimkpwiio
MOXJIMBICTh JOCIIDKCHHS J1ehOpPMOBAHOTO CTaHy IPU acUMETpii B mepepizax
KaHaTy, sika BUHUKAE YU TO B HACHIIOK HEPIBHOMIPHOCTI 3BUBAJILHOTO HATSTaHHS
JPOTIB 1 CTaJIOK, Y¥ TO OOpHUBIB APOTIB mpu ekcruryaTaiii. [licis 30BHINMIHBOTO
neOpMOBAHOTO CTaHy BH3HAUYAIOTHCS nedopmariii po3TAraHHs, KPYYEeHHsS Ta
3TUHAHHSA JPOTIB TOOTO BHYTPIMIHIN nedopmMoBaHuil CTaH.

3 aHANITHYHUX BHU3HAYCHb MIITHICHUX XapaKTePHUCTHK OJU3BKO 10 TEMHU
aUcepTaiii 3HaXOJHMThCS MeToauka pobotm Yarona [.M., nme mocmimKyeThCs
MPYXKHO-TUTACTUYHE Je(hOpPMYBaHHS KaHATIB 1 po3p00JIEHO METO/ OOYHMCICHHS 1X

HECy4ol CHPOMOXHOCTI. MeToj A0BOJI I'POMI3JKUI, NOTpeOye BUPIIMICHHS JBOX



3anay. [lepia — e qocaipKeHHsl Hecy40i CIPOMOXKHOCTI IPOTIB MpH Jiepopmanisx,
BIIMOBIJHUX CX€MaM HaBaHTA)XKCHHs KaHaTta. Jlpyra 3amaya — BHU3HAUYEHHS
HOPMAJILHO1 CHUJIM B IIepepi3ax APOTIB B TPAHUYHOMY CTaH1 KaHATy 1 HOro Hecy4oi
CIIPOMO>KHOCT!I.

JApyruii po3ait « BriuB TepTs MDK €JeMEHTaMu KaHaTy Ha MHOro
nedopMoBaHMil 1 HampyKeHuil cTaH». Po3ristHyto nBa mocnimkeHHs. [lepie
OB’ sI3aHE 3 BIUIMBOM TEPTS Ha CIIBBIIHOUIEHHS AedOopMalliid 1 IEPEeMIILIeHb IPOTIB
B KaHAT1 NpU PO3TATaHHI 3 KPYYEHHSAM 1 PO3TSATraHHI 3 MOCHIYIOUYUM 3THHAHHSA
(maBuBaHHsM Ha Oapaban). /[pyre — moB’si3aHe 3 qedopMalii€ro IpoTHH 3 00pHUBaMHU.
[{pomMy AOCTIIHKEHHIO MIANOPSIAKOBAHE BUPIIICHHS HOBOT 3a/1a4l [0J10 TEPTS HUTKU
IBUHTOBOI (OpMH TpH PO3TIAraHHI Ha LWIIHAPUYHIA TMOBEPXHI 3 MPAMOIO 1
IBUHTOBOIO TBIPHUMU: TEPTS HA LUJIHAPUYHINA MOBEPXHI 3 MPSIMOIO TBIPHOIO IS
KaHaTiB OJITMHAPHOTO 3BUBAHHS, a Ha IWJIHAPUYHIN MOBEPXHI 3 TBUHTOBOO TBIPHOIO
IUIS KaHATIB MOJABIMHOTO 3BMBaHHS. BupileHHs 3a/1a4i TepTS HUTKH BUKOPHUCTAHO
TaKOX B PO3pOOIIl METOJAMKH BHU3HAYEHHS KOPCTKOCTEH Mepepidy KaHaTa MpH
HasIBHOCT1 OOPHUBIB APOTIB.

Tpetiii po3gin «Meton npedopmariii B BHU3HAYEHHI XapaKTEPHUCTHUK
IPaHUYHOTO MPYKHOTO CTaHy KaHaTiB». 3a TPAaHUYHUMN NMPYKHUM TPUNHATO TaKul
CTaH KaHaTy (Take 3yCWJIJIS PO3TATAaHHS ), 32 SKUM OJHA 3 JPOTHUH KaHaty (abo
OJIHOYACHO TpyIa APOTHH) AOCIATAIOTh AedopMarlii po3TaraHHs, piBHOI Aedopmartii
IIPOIIOPIIIMHOCTI 3a A1arpaMoI0 po3TsaranHs JPOTY.

YerBepTuii po3ain  «Metox nmedopmaliii B BH3HAUCHHI HECy4oi
CIPOMOYKHOCT1 KaHaTiB». 3a 3yCHJUIA I'PaHUYHOTO MPYKHO-TUIACTUYHOTO CTaHY
(Hecydy CIIPOMOXKHICTh KaHaTy) NPUHHATO Take 3HAUYEHHS HABaHTAXCHHS, MPH
SKOMY OJIMH 3 HOTro eJeMEeHTIB (0fHa ApOoTHHA abo Tpyma piBHOSHAYHHUX JPOTHUH )
J0CSTal0Th PIBHOMIpHOT TpaHW4HOi  nedopmarii apoty. I[lpyxHo-mutactuyune
nedhopMyBaHHS KaHATy BIOYBAa€ThCS MPU 3MIHHUX YKOPCTKOCTSAX TMepepizy KaHaTa,
TOMY MPUHHATA IUCKPETHA 3MiHA B MEKaxX KOKHOTO 1HTepBaly Ae(opMyBaHHS.

IPsiTmii po3ain « OmiHKa TOYHOCTI BU3HAYEHHS 3yCHJIb TPAHUYHUX CTaHIB

kaHaTiB» OIiHKa TOYHOCTI TPOMOHOBAHOTO METOAY BHKOHaHAa Ha OCHOBI



eKcepuMeHTIB . PO3XO/KEHHS pO3paxyHKOBUX JaHUX 3 EKCHepUMEHTAMHU
ctaHoBUTh 3—10 %.

Kniouosi cnosa: niowimanvHuii kawam, nioiiManibHa MeEXHIKA, CMAMUYHA
MIYHICMb, CMAMUYHI HABAHMANCEHHS, HCOPCMKICMb, HAOIUHICMb, BUMPUBALICTY,
cXemMu HABAHMANCEHHS, MIYHICHI XApaKmepucmuku KaHama, oopueu oOpomis,
MidceneMenmue mepms 6 KaHami, oiazpamu po3smseanHs Opomy, nepeo3eusaibHe
HaAMAJCIHHA ~ Opomi8 [ CMANOK,  NPYICHO-NIACMUYHUL ~ CMAH,  Hecyud
CHNPOMOJICHICMb, — 27100ANbHA ~ MAMPUYsL  HCOPCMKOCMI  nepepizy  Kauamy,

8UNPOOYBAHHS HA MiYHICMb, UNPODYBAHHS MEXAHIYHUX 8IACMUBOCTIEII.



ABSTRACT

Vovk P.E. Characteristics of the limit elastic and elastic-plastic states of lifting
ropes.— Qualification scientific work on manuscript rights. Dissertation for the
Doctor of Philosophy degree in specialty 131 "Applied Mechanics" - Odesa
Polytechnic National University, Odesa, 2023.

The work is devoted to the calculation of the load-bearing capacity of steel
lifting ropes by introducing two strength characteristics: the force of the ultimate
elastic state and the force of reaching the state of elastic-plastic deformation. The
second characteristic corresponds to the load-bearing capacity of the rope and is
determined on the basis of the deformations of the wires in the rope and the matrix
of its stiffnesses. Both values were calculated for four load schemes of the rope:
stretching of the rope with a load in the guides, stretching with a freely suspended
load, stretching with bending on the drum with a load in the guides and stretching
with bending on the drum with a freely suspended load. When constructing the
methods for calculating the above two strength characteristics, a method for taking
into account interelement friction between the wires and layers of the rope was
developed and integrated.

The introduction justifies the choice of the research direction and highlights
its relevance. Based on this, the goal and objectives of the research are formed. The
scientific novelty of the obtained results and their practical value are indicated.

In the first chapter "The state of the problem and the formulation of the
dissertation's objectives"

An analysis of the modern level of the theory of the deformed-stressed state of
products made of twisted wire (ropes, power lines, cable-ropes, logging cables) is
given. There were two directions of theoretical research into the deformed state of
ropes.

The first direction is the works of M. F. Glushko, S. T. Sergeev and their
students, which created the basis of "building rope mechanics". In work M. F.
Glushko the calculation scheme is based on Kirchhoff's equations of statics for thin

rods, Castigliano's theorem and the method of forces. Two equations of statics are



obtained in relation to a straight rope consisting of one wire. By simple
summarization, the solutions are generalized to a full-fledged rope of both single
and double winding. On the basis of two differential equations, expressions of
deformations were obtained stretching and twisting of the rope for four loading
schemes of a straight rope, among them: pure stretching, i.e. in guides and freely
suspended loads.

The effect of friction between elements on their deformed state in works of the
first direction is not taken into account. An incorrect assumption was made: "...we
will assume that elastic movements obey the hypothesis of flat cross-sections and
non-curvature of radii." Then a false conclusion: "...At the ends of the rope, the wires
are rigidly connected to each other...receive the same displacements. It also follows
from this that due to the compatibility of the elastic displaced layers of the wires,
despite the contact pressure between them, internal friction forces are not realized."
The clarification of the specified error is shown in clauses 2.1 and 2.2 of this work.

The second direction is the work of [.LM. Chayun. The fundamental difference
lies in the determination of the rigidity of the rope section and the study of the
external deformed state.

Not two, but four deformations are determined stretching, twisting and bending

of the lifting rope depending on the load scheme and the global size matrix |4><4|

stiffness of the rope section. This opened up the possibility of studying the deformed
state with asymmetry in the cross-sections of the rope, which arises either as a result
of the unevenness of the twisting tension of the wires and tables, or the breaks of the
wires during operation. After the external deformed state, the deformations are
determined stretching, twisting and bending of wires, i.e. internal deformed state.
From analytical determinations of strength characteristics, close to the topic of
the dissertation is the method of work [.M. Chayun, where elastic-plastic
deformation of ropes is investigated and a method of calculating their bearing
capacity is developed. The method is quite cumbersome and requires the solution of
two problems. The first is an investigation of the load-bearing capacity of the wires

under deformations corresponding to the load schemes of the rope. The second task



is to determine the normal force in the cross-sections of the wires in the limit state
of the rope and its bearing capacity

The second section "Effect of friction between rope elements on its deformed
and stressed state". Two studies are considered. The first is related to the effect of
friction on the ratio of deformations and displacements of wires in the rope during
stretching with twisting and stretching with subsequent bending (winding on a
drum). The second is related to the deformation of wires with breaks. This research
is subordinated to the solution of a new problem regarding the friction of a helical
thread during stretching on a cylindrical surface with a straight and helical structure:
friction on a cylindrical surface with a straight structure for single-twist ropes, and
on a cylindrical surface with a spiral structure for double-stranded ropes cabling.
Solving the thread friction problem was also used in the development of the method
of determining the stiffness of the rope section in the presence of broken wires.

The third section "Method of deformations in determining the characteristics
of the ultimate elastic state of ropes". The following state of the rope is taken as the
ultimate elastic state (such tensile strength ), after which one of the wires of the rope
(or at the same time a group of wires) reaches a tensile strain equal to deformations
of proportionality according to the wire stretching diagram.

The fourth chapter "Method of deformations in determining the bearing
capacity of ropes". For the forces of the limit elastic-plastic state (carrying capacity
rope) such a load value is accepted, at which one of its elements (one wire or a group
of equivalent wires) reach a uniform limit deformation of the wire. Elastic-plastic
deformation of the rope occurs at variable stiffnesses of the cross-section of the rope,
a discrete change within each deformation interval is assumed.

The fifth chapter "Assessment of the accuracy of determination of the forces
of the limit states of ropes" The accuracy assessment of the proposed method is
based on the experiments of the work M. F. Glushko. The difference between
calculated data and experiments is 3—10%.

Key words: lifting rope, lifting equipment, static strength, static loads, stiffness,

reliability, endurance, load patterns, rope strength characteristics, wire breakage,



interelement friction in the rope, wire tension diagrams, pre-coiling tension of wires
and scaffolds, elasto-plastic state, load-bearing capacity, global stiffness matrix of

the rope cross-section, strength testing, mechanical properties testing.
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