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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. The article examines the dynamic features of rigging operations
accompanying the processes of arranging exploration wells. The effects of such
key factors as the weight of the load, the stiffness of the cable and the lifting
speed on the fluctuations of the system are considered. Dangerous modes of
rigging operations are also considered. These are system operating modes in
which resonant vibrations, excessive dynamic loads, or loss of load stability are
observed, which can lead to an emergency or equipment failure. The purpose of
the study is to analyze and model the oscillatory dynamics of rigging operations
during the development of exploration wells in order to increase their reliability
and safety. Special attention is paid to the analysis of vibrations occurring in
the “load— rope — lifting device” system due to the inertial, elastic and damping
characteristics of the elements. A mathematical model is constructed that describes
the free vibrations of a load during movement using rope and winch systems. Based
on a system of differential equations, the dynamics of cargo movement under the
action of a restoring force and a drag force proportional to speed are described. The
calculation results are presented in the form of graphs of displacements, velocities,
and accelerations, demonstrating the influence of key factors on the stability and
amplitude of vibrations. Based on calculations and graphs, it is established that the
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load coordinate changes sinusoidally, reaching maximum and minimum values.
Engineering recommendations are proposed to reduce vibration levels and ensure
safe operation of rigging systems, including the selection of optimal speed modes,
the use of dampers and the correct adjustment of lifting parameters. The results
obtained can be used in the design and operation of wells, as well as for educational
purposes in the training of specialists in the oil and gas industry.

Keywords: rigging system, exploration well, vibrations, load lifting, dynamics,
safety, resonance, damping
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AHHoOTanusa. Maxkaiana reojorusiblK Oapiay YHFbIMaJIApbIH OpPHAJIacThIPY
mporectepiMer Oipre >KYpeTiH TaKeJaKAbIK ONepalusulapAblH JIUHAMUKAJbBIK
epekurenikrepi 3eprrenreH. JKYKTiH cajMarbl, apKaHHBIH KaTTBUIBIFBI JKOHE
KOTepYy KbUIJaMBIFbI CHSIKTBI HET13r1 (pakTopiapablH KYiHeHiH TepOericine acepi
KapacTeIpbuLbl. COHJIal — aK, TaKeNa)IbIK OTlepalisIap/IblH KayilTi pexKuMepi
KapacThIPbUIAJIBI - Oy KYHEHIH )KYMBIC PeXKIMIEP1, OHJ1a PE30HAHCTHIK TepOeticTep,
LIaMa/iaH ThIC IMHAMHKAJIBIK JKYKTEMENEp HEMECe JKYKTIH TYpPaKTbUIBIFBIHBIH
XKOFanybl Oaiikanazapl, OyJl TOTEHILE KarAaliFa HeMece aOABIKThIH Oy3bLIybIHA
OKeNTyl MYMKIH. 3epTTeyiH MaKcaThl TaKeIaXbIK OlepalsIapIblH CEHIMIUIIT1
MEH KayilCi3[OiriH apTThIpy MakcaTblHAa TeOJOTHSUIBIK Oaplay YHFbIMalapblH
OpHAJNACTBIPY Ke31HJET1 TaKeJIaXIbIK OllepalisuIapAbIH TepOeIMeti TMHAMUKACHIH
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Tajnay »KoOHE MOJeNbAey OONBIN TaObUIAAbl. DJIEMEHTTEPAIH HHEPUUSIIBIK,
CeprmiM/i JKoHe IeMIdepiiK CHulaTTamMaiapblHa OailaHBICTBI “KYK — apKaH —
KOTepy KYPBUIFBICH XKYHeciHe naiaa 0onaTeiH TepOenicTepi Tanaayra epeKie
Hazap ayAapbuIIbl. ApKaH-je0e/Ka KyHenepiH KojlaHa OTHIPBII, KO3Fally Ke3iHae
JKYKTIH €pKiH TepOeliCiH CHUIATTalThiH MaTeMaTHKAJIbIK MOJIC/Ib KYPBUIIbIL.
JuddepeHnmanaplk TEHACYAEP JXXYHeciHe CYHeHe OTBIPHIN, KaIIbIHA KENTipy
KYIII MEH XKbUIIaMIBIKKA TPOTTOPIIMOHAIABI KAPCHUTBIK KYIIiHIH 9CEPiHEH KYKTiH
KO3FaJIbIC JIMHAMUKAChl CHIATTanFaH. BcenTey HoTHKenepi TepOemicTepain
TYPaKTBUIBIFBI MEH aMIUIMTYJAachblHa HETi3T1 (akTopiapiblH dcepiH KOpCeTeTiH
KO3FaJIbIC, JKBUIaMBIK KOHE YJIiey rpaduKTepi Typinae ycoiHbuiran. Ecenreynep
MeH TpauKTepiH HeTi3iH/e KYKTIH KOOPIUHATH CHHYCOMAAIBI TypAe ©3Tepill,
MaKCHMAJIIBI )KOHE MUHIUMAJIIBI MOHIEPTE KeTe . J{ipii meHreiiH ToMeHACTY JKOHE
TaKeJaX/IbIK KYHEIepIiH Kayilci3 )KYMBIC iCTeYiH KaMTaMachl3 €Ty, COHBIH iIIiHIe
OHTAMIIBI JKBULAAMIBIK PEXUMICPIH TaHaay, neMidepiepai KoIaany xKoHe KoTepy
napameTpiiepiH JIypbIC peTTey OOMbIHIIA WH)KCHEPIiK YCBIHBICTAp YCBHIHBUIIBL.
AJIBIHFaH HOTHIKEJIEp YHFbIMaJIap/Ibl sk00ajay jKoHe Maijanany Ke3iHje, COHIa-
aK MYHali-Ta3 caJlaChIHBIH MaMaHIapbIH Jaspiiay Ke3inae OiriM Oepy MaKcaThIHIA
naiaanaHbLUTybl MYMKIH.

Tyiiin ce3aep: TakemaXAbIK JKyie, TEOJOTHUIBIK Oapiay YHFBIMACHI,
TepoericTep, )KYKTI KoTepy, JUHaMHUKa, Kayilci3aiK, pe30HaHC, AeMidepIiey
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AnHoTanusl. B crarbe McciaenoBaHbl AMHAMHYECKHE OCOOCHHOCTH TaKeNaX-
HBIX OTIEpAIlHii, COIIPOBOKIAIOIIHX MTPOIECCHI 00yCTPONCTBA Te0IOTOPa3BEA0IHbIX
cKkBaKuH. [IpoaHamu3npoBaHo BIMSIHUE HA KOJEOAHUs CUCTEMBI TAKUX KIIFOUEBBIX
(akTOpOB, KaK Macca rpysa, KECTKOCTb TPOCa U CKOPOCTh NoabEMa. BrineneHbl
OIACHBIE PEKUMBI TaKeNaKHBIX ONepaluid - PeXHUMBl PabOThl CUCTEMBI, NPHU
KOTOPBIX HAONIOMAIOTCS PE30HAHCHBIE KoJleOaHWs, Ype3MepHbIe ITUHAMUYECKHE
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Harpy3Kd WM TIOTEpsS. YCTOHYMBOCTH T'py3a, YTO MOXKET NMPUBECTH K aBapUHHBIM
CUTyallsIM W TIOBPEXKICHHIO oOopynoBaHus. llenap wccienoBaHus COCTOMT B
aHaJIM3€e ¥ MOJICTTMPOBAHNY KOJICOATEIbHON TMHAMUKH TaKeIaKHBIX OTIePaIiid Mpu
00yCTpPOHCTBE Ie0JIOrOPa3BeJOUHBIX CKBAKUH JUIS TMOBBILICHHUS UX HaIE&KHOCTH U
6e3omacHocTr. Ocoboe BHUMaHUE yAeIeHO KOJIeOaHUSIM, BOSHUKAIONTUM B CHCTEME
«rpy3 - TPOC - TMOIBEMHOE YCTPOHCTBO», OOYCIOBICHHBIM HWHEPIMOHHBIMH,
YOPYTUMH WU JeMIMUPYIOINIMMHA XapaKTepucTukaMu e€ siaemeHToB. lloctpoena
MaTeMaTHyecKas MOJIeNlb, OIMCHIBAIONIAs CBOOOAHBIE KoyieOaHWS Tpy3a Mpu
MEpEeMEIICHUH C HCIONb30BaHUEM KaHaTHO-Ie0&nouHbIX cucteM. Ha ocHoBe
cucteMbl AuQQepeHanTbHbIX ypaBHEHUH ONHWCcaHa TUHAMHKA JIBIDKEHUS
rpy3a MoJ JeicTBHEM BOCCTAaHABJIMBAIOUIEH CHIIBI M CHJIBI CONPOTUBICHHUS,
MIPOTIOPITHOHATIBHON CKOpOCTH. Pe3ynmbraThl pacu€ToB TPENCTABICHBI B BHIE
rparKoB MepeMelIeHn, CKOPOCTe U YCKOPEHUH, IEMOHCTPHUPYIONIUX BIUSIHNE
KITIOYEBBIX (PAaKTOPOB HA YCTOMYMBOCTh M aMIIUTYyRy KojieOanuid. [1o pesyasraram
pacu€ToB yCTAHOBIEHO, YTO KOOpPAWHATA Tpy3a W3MEHSETCS CHHYCOUIAIBHO,
JocTUTasl ~ MaKCHMMajJbHBIX M MMHHUMalbHbIX  3HaueHHH.  [IpemioskeHs
WH)XCHEPHBIE PEKOMEHJAIIUH 110 CHMYKEHUIO YPOBHS BHOpanuii u o0OecrieueHuro
0e30macHOW dKCIUTyaTalluy TaKeJIaKHbIX CHCTEM, BKIIOYasl BEIOOP ONTHMAIBHBIX
CKOPOCTHBIX PEXHMOB, IMPUMEHEHHE JeMIPEpOB M KOPPEKTHYIO HACTPOUKY
napaMeTpoB noabéma. IlomyyeHnble pe3ynbTaTbl MOTYT OBITh UCTIONB30BAaHbI TIPU
MPOEKTHPOBAHUM M JKCIUTyaTalliyl CKBaXKHH, a TaK)Ke B 00pa3oBaTeIbHBIX IEISIX
TIPH MTOJITOTOBKE CTIEIIMAMCTOB He(pTEera3oBoil OTpacim.

KuaroueBble ciioBa: TakenakHas CHCTEMa, I'€0JIOTOpa3BeOYHAs CKBaXKMHA,
KoneOaHus, MMOIBEM Tpy3a, TMHAMHKA, 0€301MaCHOCTh, PE30HAHC, IEMII(PUPOBAHNE

Introduction. Exploration wells are drilling rigs designed to study the geological
structure of the Earth’s crust, assess mineral reserves (oil, gas, coal, metals, etc.), as
well as for core sampling, conducting geophysical research and hydrodynamic tests
(Shadrina and Saruev, 2015; Fedin, 2014).

They are drilled both at the initial stages of field exploration and in the process of
detailed exploration. The depth of such wells can vary from several tens to several
thousand meters, depending on the geological tasks and the depth of the productive
layers (Fedin, 2013a; Fedin, 2013Db).

The main objectives of drilling exploration wells:

* getting information about the rocks in the section;

* determination of the type, quantity and quality of minerals;

» clarification of hydrogeological and geophysical conditions;

» construction of geological models of the deposit.

Rigging operations are an integral part of the development of exploration wells,
including lifting, moving and installing heavy equipment using winches, hoisting
systems and lifting devices. In the process of performing these operations, oscillatory
movements of the equipment often occur, caused by uneven load, inertial forces, as
well as the elasticity of ropes and structural elements.
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Fluctuations reduce the accuracy and safety of operations, increase the load on
rigging mechanisms and can cause emergency situations, especially in conditions
of limited space or adverse weather conditions. In addition, regular dynamic
overloads accelerate equipment wear, reducing the reliability of the entire system.
Despite the importance of this problem, the issues of analysis and prediction of
oscillatory dynamics during rigging operations in geological exploration remain
insufficiently studied (Shimkovich, 2012).

Conducting a comprehensive study of oscillatory processes makes it possible to
more accurately assess the behavior of the system in real conditions and develop
effective methods for their suppression, thereby increasing the safety and efficiency
of well development.

The purpose of the study is to analyze and model the oscillatory dynamics of
rigging operations during the development of exploration wells in order to increase
their reliability and safety.

To achieve this goal, the following tasks are being solved:

1. Perform an analysis of typical rigging operations accompanying the installation
and dismantling of equipment during well construction.

2. Identify the main sources and mechanisms of fluctuations in the rigging
system.

3. To build a mathematical model describing the dynamic behavior of the cargo—
cable system.

4. To assess the impact of dynamic factors on the safety and resource of the
elements of the rigging system.

5. Develop recommendations for reducing the amplitude and duration of
fluctuations.

The results of the study can be used in the design, calculation and operation of
rigging systems used in the construction and maintenance of exploration wells. The
developed models and recommendations are applicable:

* in engineering practice, when selecting equipment and calculating the
parameters of rigging operations;

» when developing regulatory documentation for the safe performance of lifting
and transport operations;

* in systems of automated control and management of rigging processes;

* in training courses and programs for specialists in the field of drilling and
exploration;

* when developing software tools for modeling the dynamics of lifting operations.

The application of the obtained results helps to reduce accidents, increase the
service life of equipment and increase the efficiency of installation processes at
exploration sites.

Research materials and methods. Oscillatory processes during rigging
operations were investigated on the basis of differential equations of motion of a
load suspended on an elastic rope. Gravity and elasticity were taken into account
in the model. The basic equation is derived from Newton’s second law. Integration
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methods were used for the analysis, which made it possible to determine the
functions of displacement, velocity and acceleration of the load over time. The
graphs were built on this basis. There was also a review of educational and
scientific sources devoted to the dynamics of lifting and transport systems, the
mechanics of vibrations, as well as the reliability of rigging operations during well
construction. An analysis of the literature made it possible to identify the main
approaches to modeling vibrations during lifting of loads, identify existing methods
for calculating dynamic loads and assess the degree of study of the influence of
rope and load parameters on the stability of the system. Works in the field of applied
mathematics, vibration theory, as well as regulatory documents regulating lifting
operations in the oil and gas industry were presented.

Discussion of results. The article was discussed in front of the faculty of
Atyrau University of Oil and Gas named after Safi Utebayev and recommended for
publication.

Rigging operations in the development of exploration wells include a set of
actions for lifting, transporting and installing heavy equipment such as drilling
rigs, pumping units, pipe blocks, hoisting systems and auxiliary structures. The
main means of mechanization are winches, hoists, blocks, slings and lifting devices
(Sulejmanova et al., 2018)

The lifting process includes bringing the system into working condition, rope
tension, smooth lifting of the load from the support and its vertical movement at
a set speed. Cargo movement may be accompanied by short-term stops, position
adjustments, and exposure to external factors (wind, vibrations, and inertial
forces). If there is insufficient coordination of movements or a sudden change in
load, longitudinal and transverse vibrations occur that can destabilize the system
(Lyskov, 2012).

The presence of elasticity in the elements of the rope system, gaps in the joints,
inertia of the load and instability of the winch operation leads to complex oscillatory
processes that affect the accuracy of positioning and the safety of operations.

The rigging systems used in the construction of exploration wells include the
following key components:

1. A winch is a mechanical device for winding or unwinding a rope, providing
lifting and lowering of cargo. It can be manual, electric or hydraulic.

2. Rope (cable) is a flexible bearing element that transmits force from the
winch to the load. It is usually made of steel wire and has high tensile strength and
flexibility.

3. The block (pulley) is a wheel with a groove through which the rope passes. It
changes the direction of force and reduces the load on the winch due to the use of
multi-blade schemes.

4. Grappling devices — hooks, clamps, slings, traverses and other elements that
ensure the safe connection of the rope with the moving equipment.

5. Supporting structures — towers, portals, beams and other elements on which
blocks and winches are mounted. They must have sufficient rigidity and stability.
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6. Shock absorbers and dampers (if available) — devices for damping vibrations
and preventing jerks during sudden stop or start of movement.

7. The control system is a remote control or a lever mechanism that controls the
speed and direction of movement of the load.

All elements of the system must work in concert, ensuring stability and
manageability during rigging operations, especially in the presence of dynamic
loads (Ovcharova, 2024).

Fluctuations in the rigging system during the development of exploration wells
can be caused by various factors, both internal and external, which affect the
dynamics of equipment operation. The main factors causing fluctuations include:

1. Load unevenness is a variable or pulsating load on the rope and equipment
that occurs when the load is unevenly lifted or lowered. This can lead to jumps in
movement and an asymmetric distribution of effort.

2. Jerks and sudden changes in speed — sudden changes in the speed of lifting
or lowering a load cause inertial forces that lead to fluctuations. This is especially
true when starting and stopping the winch.

3. Rope elasticity — the rope, being an elastic element, can stretch and contract
under the influence of load. These deformations can cause the system to oscillate,
especially under high loads or large, long ropes.

4. Errors in the installation and configuration of the system — irregularities in
the configuration of blocks and winches, improper installation and adjustment of
rope tension can lead to imbalance and vibrations.

5. The influence of external factors — weather conditions (for example, wind
or rain) can change the dynamics of the system, especially when lifting or moving
heavy structures in open areas.

6. Fluctuations from interaction with the load — fluctuations can also occur due
to instability or vibrations of the load itself (for example, when lifting long pipes or
rig elements that can “sway”).

7. Damping — insufficient damping in the system can lead to an increase in the
amplitude of vibrations, especially in the case of soft or worn elements.

8. Interference of resonant frequencies — the coincidence of the frequencies
of external influences (for example, from the operation of engines or mechanical
systems) with the natural resonant frequencies of the rigging system can cause
increased vibrations and even lead to the destruction of system elements.

The dynamics of the rigging system during lifting and moving cargo depends on
several key factors, among which the weight of the cargo, the stiffness of the rope and
the lifting speed play a crucial role. Let’s consider their influence on the fluctuations
of the system (Bronislovas et al., 2011; Panasenko and Sinelschikov, 2020).

1. Weight of cargo

The weight of the load has a direct effect on the inertia of the system. The
greater the mass, the stronger the inertial forces acting on the system at start, stop,
and during ascent. An increase in the weight of the load increases the amplitude
of vibrations when the lifting speed changes, which can lead to increased load on
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the elements of the rope system and supports. If the load is too heavy, dangerous
vibrations can occur, which can affect the stability of the entire system.

2. Cable stiffness

The stiftness of a cable (or rope) determines its ability to resist deformation under
load. A cable with low rigidity can stretch, which leads to additional vibrations when
lifting the load. While a cable with high rigidity will have more stable dynamics,
minimizing deformations and, consequently, fluctuations. However, high rigidity
can also lead to greater stress in the system, which requires greater strength of other
elements of the rigging system.

3. Lifting speed

The lifting speed of the load directly affects the nature of the dynamic processes
in the system. At high lifting speeds, inertial forces increase, which can cause sudden
fluctuations and jerks, especially if the system is not equipped with the necessary
damping mechanisms. The low lifting speed promotes smoother movement and
reduces the likelihood of strong fluctuations, but it increases the time required to
perform the operation (Cheng and Wei, 2013).

The influence of these factors is closely interrelated. For example, when
increasing the weight of a load, it is necessary to take into account a change in
the optimal lifting speed to minimize fluctuations. It is also important that the
stiffness of the cable corresponds to the expected loads in order to avoid significant
deformations that can increase vibrations.

Dangerous modes of rigging operations are those modes of system operation
in which resonant vibrations, excessive dynamic loads, or loss of load stability are
observed, which can lead to an emergency or equipment failure. To identify them,
it is necessary to analyze the behavior of the system under various load conditions,
speed, and equipment configuration (Magadeeva, 2023).

The hazard criteria include:

1. Resonant modes

The danger occurs when the frequency of forced vibrations (for example, from
the rotation of the winch or periodic jerks) coincides with the natural frequency
of the winch — rope —load system. In such modes, there is a sharp increase in the
amplitude of vibrations, which can lead to structural failure or loss of cargo.

2. Modes with sharp accelerations

When lifting is abruptly started or stopped, an impulse load occurs, leading to
the appearance of longitudinal shock waves in the rope and swinging of the load.
Especially dangerous situations are when the load rises at high speed and slows
down sharply.

3. Insufficient damping

In systems without depreciation, even small external disturbances can persist for
a long time. This increases the risk of energy accumulation in the system and the
appearance of self-oscillations.

4. Large amplitudes of transverse vibrations

When lifting elongated and long loads (for example, drill pipes), transverse
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vibrations of the load are possible, caused by the slightest deviations from the
vertical. Such fluctuations complicate precise installation and can lead to damage
to nearby equipment.

5. Instability in transitional regimes

The transition from one mode to another (for example, with tension to
freewheeling or from idle to running) may be accompanied by surges of effort and
imbalance of the load.

Methods for detecting dangerous modes:

* Frequency analysis of the system;

* Numerical simulation of motion dynamics;

* Construction of phase trajectories;

* The use of vibration and load sensors during experimental lifts.

Preventing operation in dangerous conditions requires fine-tuning the lifting
speed, selecting a rope of appropriate rigidity, installing damping elements, and
automating feedback control processes.

Reducing the amplitude of vibrations in the rigging system during the development
of exploration wells makes it possible to increase the safety, reliability and accuracy
of lifting and transport operations. Practical and technical recommendations aimed
at minimizing oscillatory processes are given below (Fedoreshchenko, 2023):

1. Optimization of lifting speed

Avoid sudden acceleration and deceleration when starting and stopping traffic. It
is recommended to use smooth winch control modes with a preset speed trajectory.

2. The use of cables with adjustable stiffness

The use of modern ropes with increased elasticity and damping properties makes
it possible to effectively dampen longitudinal vibrations that occur during jerks.

3. Using dampers and shock absorbers

Installing mechanical or hydraulic dampers at rope attachment points or near the
winch helps reduce sudden peak loads and dampen vibrations.

4. Reducing the weight of lifted loads by breaking them down into modules

If possible, heavy equipment elements are recommended to be divided into parts
and lifted in stages - this reduces inertial forces and vibrations.

5. Ensuring accurate alignment of lifting devices

An unbalanced mass distribution or misalignment when the load is suspended
can cause transverse vibrations. Accurate alignment and uniform loading of the
slings are critical.

6. Anchoring or cargo stabilization

In the process of lifting tall or elongated elements, it is advisable to use guides
or temporary clamps to prevent swinging.

7. Application of intelligent control systems

Modern automatic control systems with vibration and acceleration sensors can regulate
movement in real time, preventing the transition to dangerous oscillatory modes.

8. Periodic maintenance of system elements

Wear, corrosion, and damage to ropes, blocks, and joints increase backlash
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and the likelihood of parasitic vibrations. Regular monitoring and replacement of
elements increases the stability of the system.

The results of the study of oscillatory processes in rigging systems can be
effectively used both at the design stage and during the operation of equipment
involved in the development of exploration wells.

When designing:

* Improving the accuracy of calculations: taking into account dynamic loads and
oscillatory modes allows you to more accurately calculate the strength and rigidity
of the elements of rigging systems.

* Selection of optimal design parameters: the obtained dependences between
the weight of the load, the stiffness of the rope and the amplitude of the vibrations
make it possible to reasonably choose the types of ropes, blocks and lifting devices.

* Development of damping systems: based on the analysis of dangerous modes,
technical solutions can be implemented to reduce vibrations (shock absorbers,
flexible suspensions, guiding elements).

* Dynamic control system design: application of adaptive algorithms for speed
control of lifting and braking based on vibration characteristics (Rahman et al.,
2011; Jie and Kuo, 2021).

During operation:

* Assessment of the technical condition of the equipment: data on the nature and
frequency of vibrations can be used to diagnose wear or damage to the elements of
the rope system.

 Ensuring work safety: understanding dangerous conditions helps to avoid
critical situations associated with swinging or resonance when lifting heavy loads.

* Increase the efficiency of operations: Reducing the oscillation amplitude
allows rigging operations to be performed faster and with less risk of damage to
equipment.

» Staff training: The results can be used in the development of methodological
materials and instructions for the safe implementation of lifting and transport
operations.

Consider a weight G suspended from a spring AB, the end A4 of which is fixed
(figure 1). When the load is at rest, the elongation of the spring is . Let’s assume that
at some point in time the load was shifted vertically downwards from the resting
position by and released with an initial velocity of . Let’s determine the resulting
movement of the load, neglecting the mass of the spring (Knapczyk et al., 2015; Le
etal., 2023).

Let’s take the load as a material point and direct the -axis along its vertical
rectilinear trajectory (figure 2). The origin O. is compatible with the resting position
of the load, which corresponds to the static elongation of the spring fCT (Korytov
et al., 2019; Korytov and Shcherbakov, 2015).

Then the initial position of the load M will correspond to the y coordinate and
the projection of the initial velocity y .
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The initial conditions will be t, = 0,y =y, V, = ¥,. The load is affected

by gravity G and spring elasticity force P the modulus of which is proportional to
the deformation of the spring. In the position M, determined by the y coordinate, the
spring deformationisa f.. + y, and the modulus of elasticity is P =c(fer + ).

Projection of the force P on th y axis
= _C(fCT + y)

When the load is at rest, its weight is balanced by an elastic force modulo

F)CT = Cﬁ:T, i.e.

G = P = Cfer (1)
The differential equation of motion of the load has the form
my =Y ¥ =G —c(fur +).

Let us substitute into the differential equation the value of the spring stiffness
coefficient ¢, determined by the formula (1):

mj}: G_(G/fCT)(fCT'I_y) = G_G_(G/ﬁ:T)y
Since G = Mg, then

y+(g/fer)y = 0. )
7, /
A A
: 5
0
Figure 1 - Lifting cargo > P
2 M
G
Mo

Figure 2 - The model of the lifted load
206



ISSN 2224-5278 1.2026

Equation (2) is the differential equation of free oscillations of a material point:

y+ k?y =0,

were
k* = g/fu

The frequency of free fluctuations of the load

k =g/ 3)

The period of its fluctuations

T =2n/k = 21/f/g . 4)

The general solution of differential equation (2).
Let us represent the equation of motion of the load:

y = Asin(kt + B). 5)

The amplitude A and the initial phase of the oscillations:

A=\yZ+y2/k? tgB =ky,/,.

The equation of motion of the load (5) will take the form

y = Asin(\Jg/fat +B). 6)

Formula (4) is a general formula for determining the period of free oscillation
of a load supported by an elastic coupling. It allows you to determine the period of
free oscillation of this load near the position at which the forces acting on the load
are balanced.

To determine the period, amplitude and phase of the load fluctuations, you need
to choose a steel rope, since to determine the above values, you need to find the
static elongation of the rope.

These steel ropes are used to perform rigging work related to the installation of
various technological equipment and structures.

We will select and calculate a steel rope for an electric cart with a pulling force
of § =120 kN.

We calculate the breaking force in a cargo rope with an average operating mode:
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where £ is the safety margin coefficient, £=5.
R, =120-5,5 = 660 kN.

We choose aflexible rope JIK-PO design 6x36 for the winch (1+7+7/7+14)+1 o.c.
(GOST 7668-80) and according to the GOST table we determine its characteristics:

temporary tear resistance, MPa...........cccoviiiininiiiiniinince 1666
breaking force, KIN.......ooiiviiiiieieiieeeeee e 686.5
TOPE AIAMELET, IMIM....iiiieiieiieiierieesieesieestee it eseeeseee e e sieesteesbeeseenseeneeas 36,5
weight of 1000 m of T0pe, KZ....oovevvieiiiiiiiiiiiceeee 4965

Static rope elongation occurs under the influence of two forces: the weight of
the load and the weight of the rope itself. In this case, deformations (and stresses)
are determined based on the principle of independence of the action of forces, i.e.
the desired values are found separately for each force, after which the results are
added.

Let’s determine the static elongation if 556 m of rope is released from the drum.
The weight of the cargo is 150 kg.

The elongation of the rope wire material under the influence of the weight of the
load is easily determined by the formula

Al NI
17 EF

where N — the longitudinal force generated in the rope body, N = 1500 N; w;
E —modulus of elasticity, E = 2,1 - 10> Mlla; F — the cross-sectional area of all
rope wires, F = 503,9 mm*=503,9- 1076 M.

15-10%H - 556Mm

2,1-105- 106%- 503,9 - 10-6m?

Al = ~79-103M= 0,79 sm.

The elongation of the wire rope material under the action of its own weight is
found by the formula

Gl
2EF’
where G — net weight of the rope, G = 1500 N.
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15-102H-556 M
2-2.1-105-106}%-503,9-10—%2

Al, = ~39-1073M = 0,39 smM_

The total elongation of the rope wire material under the influence of the load and
the weight of the rope itself will be

Al = Al, + Al, = 0,79 + 0,39 = 1,18 sm.

Note that the actual lengthening of the rope will be slightly greater due to some
straightening of the twisted rope wires under load. The amount of elongation due to
this factor depends on the rope design (in particular, on the method of twisting) and
can only be determined experimentally.

And so, for = Al = 1,18 sm.

The frequency of free fluctuations of the load according to (3)

k =/9,81/1,18 - 10-2=28 rad/s.

The period of its fluctuations (4)

T =2nf/g = 271\/1,18 -1072m/9,81M/c2 = 0,2 s.

The amplitude
A=ys+y5/k?,

where y — cargo displacement, y = 30 SM; y - initial displacement velocity,
. M
Yo = 6;-

The amplitude of free oscillations depends both on the initial deviation of the
load from the resting position and on the initial velocity. In this case, the direction
of the initial velocity does not affect the amplitude. If the load is lowered without

initial velocity, the amplitude will be equal to the initial deviation of the load from
the resting position. The presence of an initial velocity increases the amplitude.

A=,/032+62/282 = 0,36 M = 36 sM.
tgB = 28-0,3/6 = 1,4; f = 55°.
The equation of motion of the load in accordance with (6)
y = 36sin(28t + 5/18m).
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The equation that determines the speed of the load:

y = 1008cos(28t + 5/18m).

The equation that determines the acceleration of the load:

y

} = —28224sin(28t +5/18 ).

We calculate the coordinates, velocity, and acceleration of the point at various
time values and enter the results in tables 1, 2, and 3.

Table 1
The coordinate y (t)
t, c 0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00

y, M 27,58 35,99

26,69 | 4,26 -20,28 -34,83 -32,24 -13,78 | 11,46

Table 2

Speed y (t)
t,c 0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
y, M/s | 647,93 | -18,83 |-676,32 | -1000,93 | -832,89 | -254,90 | 448,55 | 931,22 | 955,55
Table 3
Acceleration y (t)
t,c 0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00

y, M/s? | -21620,84 [-28219,07 |-20928,01 | -3336,27 | 15897,56 | 27306,69 |25275,59 | 10803,95 | -8985,34

To illustrate the data obtained, we draw graphs of the dependence of coordinates,
velocity, and acceleration on time (Figure 3).

Graph of the dependence of the v(t) coordinate on time .
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Figure 3 - Graphs of the dependence of coordinates, velocity and acceleration on time
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Based on calculations and graphs, the following conclusions can be drawn:

* Coordinate graph:

* The coordinate changes sinusoidally, reaching maximum and minimum values.
This is consistent with the harmonic nature of the movement.

* Speed graph:

* * The speed varies sinusoidally, and its values reach zero at the moments
of maximum and minimum coordinates. This indicates that the body slows down
before changing direction.

* Acceleration graph:

* Acceleration also varies sinusoidally and reaches its maximum values when
the velocity is zero and the body begins to accelerate in the opposite direction.

Loads that oscillate in real conditions experience resistance to movement
(friction, air resistance, etc.). This means that in addition to the restoring force
directed to the center of the oscillation, a resistance force acts on the load, which is
always directed in the direction opposite to the direction of movement of the point.
The law of variation of the modulus of the resistance force depends on the physical
nature of this force (Korkmaz and Korkmaz, 2016).

The differential equation of the motion of the load under the action of the
restoring force and the drag force proportional to the velocity of the point can be
represented as follows:

x = Ae Msin(Vk* —n2t + B), (7)

where A —the amplitude of the oscillations; k—the frequency of free oscillations;
n — the coefficient characterizing the resistance of the medium; ¢ — time; f3 — the
initial phase.

The motion defined by equation (7) has an oscillatory character, since the x
coordinate periodically changes its sign when the sign included in the sine equation
changes. The multiplier e™ indicates that the oscillation amplitude decreases over
time.

Fluctuations of this type are called damped.

The period of damped oscillations T is the time interval between two
consecutive passes of a point in the same direction through the resting position and
is determined by the following formula:

% _ T

- /1—(n/k)2, (8)

where T = 21 /k — the period of free fluctuations of the load.

Formula (8) shows that the period of damped oscillations is longer than the
period of free oscillations of the point. However, with little resistance, this increase
is negligible. In the case of a small resistance, the period of damped oscillations can
be assumed to be equal to the period of free oscillations.

211



ISSN 2224-5278 1.2026

In the case of high resistance, the movement of the load loses its oscillatory
character and becomes aperiodic.

The differential equation of motion of the load in this case can be represented
as follows:

x = Ae ™sh(Vn% — k2t + B). )

The equation of motion of the load (9) shows that the considered motion of the
load is not oscillatory, since the hyperbolic sine is not a periodic function.

The following works will be devoted to a more detailed study of the movement
of the load in the case of damped vibrations and under the action of high resistance.

Conclusions.

1. The oscillatory processes that occur in the rigging system when lifting
equipment significantly affect the reliability and safety of the arrangement of
exploration wells.

2. The main causes of vibrations are inertial forces, rope elasticity, sudden
accelerations, uneven load and external disturbances.

3. The constructed mathematical model of free and damped vibrations of the
load made it possible to quantify the effect of system parameters on the nature of
movement.

4. The weight of the load, the stiffness of the rope and the lifting speed are the
determining factors affecting the amplitude and frequency of vibrations.

5. To prevent dangerous conditions (resonance, instability, self-oscillation), it is
necessary to use damping elements, select ropes correctly, center the load and avoid
sudden operating modes.

6. The developed recommendations ensure a reduction in the amplitude of
vibrations, an increase in equipment life and an increase in the efficiency of rigging
operations.

7. The results obtained can be used in engineering practice, regulatory
documentation, automated control systems and educational courses on drilling and
well development.
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