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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The paper considers a method for regulating the axial
load on a chisel when drilling exploration wells using an elastic lever clutch with
centrifugal pads, which is used as part of the drive of the chisel feed regulator
and performs the function of a mechanical sensor for axial load on the chisel.
Objective. The purpose of this study is to construct a mathematical model of
the motion of a centrifugal pad in an elastic lever clutch, integrate the resulting
differential equation, determine the coordinates, speeds and accelerations of the
pad and the pressure on the walls of the cutout of the clutch, depending on the
design parameters and operating mode. Methods. The dynamics of an elastic
coupling block in a drilling regulator used for drilling exploration wells is
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considered, namely, differential equations of motion of the block are compiled
taking into account the action of centrifugal force, spring elasticity and medium
resistance. The equations are integrated numerically for different conditions. The
dependences of the coordinate, speed and acceleration of the pad movement and
pressure on the walls of the coupling cutout on time and design parameters are
determined. Results. The results of numerical integration have shown that the
motion of the centrifugal pad is oscillatory in nature with a gradual attenuation
of vibrations and transition to a steady state. Conclusions. At the initial stage,
significant amplitudes of deviations and velocities are observed, which is due to
the inertia of the system and the impact of the initial disturbance. In steady state,
the deflection angle stabilizes, which corresponds to a stable load on the chisel.
The practical significance of the study lies in the possibility of using the obtained
dependencies in the design of couplings and bit feed control systems, as well as
optimizing the drilling modes of exploration wells.

Keywords: drilling of exploration wells, axial load on the chisel, lever clutch,
centrifugal pads, differential equations, flow control, pad dynamics
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AHHOTaNUs. O3exminiei. JKyMbICTa 0TE ©3¢KTi O0JIBIT TAOBUTATHIH T'€OJIOTUSITBIK
Oapiay yHFbIMaJapbiH OypFbUIay Ke3iHJE Kallayjbl Oepy PeTTETilliHIH KeTeri
KypaMbIHJa KOJAAHBUIATBIH JKOHE KallayFa OCBTIK JKYKTEMEHIH MEXaHUKaJbIK
JaTYUT1 KBI3METIH aTKapaThlH OPTAJBIKTAH TEMKINl KaJbIITaphl 0ap ceprimMii
TYTKalbl My(QTaHbl TaijanaHa OTBIPHIN, KalIayJblH OCBTIK JKYKTEMECiH
perTey ofici KapacTeIpbulIbl. Maxcamul. Byn 3epTTeydiH Makcarhl ceprimIi
TYTKaJlbl MY(QTaHbIH KypamblHAa LEHTPUQYTalbIK KaJbIITHIH KO3FaJbICBIHBIH
MaTeMaTHKajJblK MOJCNIIH Kypy, aJblHFaH JIuGQepeHIuanaplK TeHACYIl
WHTETpajiay, KaJblIThIH KOOPJAMHATTAPBIH, >KBULAAMIBIKTAPEl MEH YJIeyJepiH
YKOHE KOHCTPYKIUS TapaMeTpIiepi MEH KYMBIC peKUMiHe OailmaHbICThI My(pTaHBIH
KHUBIK KaOBbIpFalapblHa KbICHIMIIBI aHBIKTay OONBIT TaObUIagbl. Odicmepi.
['eosorusinbik Oapnay yHFbIMajIapblH OYpFblIay Ke3iH/e KOJIAaHbIIaThIH OypFbUIay
perrerimmiuaeri cepmiMai MydTa KaJIBIOBIHBIH JHHAMHKACH KapacTHIPBUIIEI,
aramn alTKaHAa OpPTaJBIKTaH TENKIIl KYIITiH, CEpilIeHiH CeprniMAUTIK KYIIiHiH
KOHE OpTaHBIH KEIEPTiCiHIH ocepiH ecKepe OTHIPBIN, KajbIl KO3FaJbICBIHBIH
muddepeHInanAbpIK TeHAEYaepi *Kacanael. TeHaeynep opTypili MiapTTap YIIiH
CaHJIBIK TYPJIC MHTETpaIIaHIbl. KaabInThIH KOOPAMHATACHIHBIH, JKbLUTIaM IBIFBIHBIH
JKOHE KO3FaJIbICHIHBIH Y/CYiHIH JKoHE MY(TaHbIH KaObIprallapblHa KbICHBIMHBIH
KYPBUIBIMHBIH ~ YaKbITBl MEH IapaMeTpiiepiHe TOYeJIUIri  aHBIKTaJIbL.
Homuoicenepi. CanAbIK MHTETpasijay HOTHKENIEPl OPTAJIBIKTaH TETKIIl KaJIbIIThIH
KO3FaJbIChl TepOericTepAin OipTiHIEN oycipeyiMeH KOHE TYPAKTBl PEXUMTe
eTyiMeH TepOenMeni eKkeHiH KepceTTi. Kopwimwinovl. bactankel Ke3eHIe
aybITKYTap MEH >KbUIAAMIBIKTApIbIH alTapibIKTaldl aMIUTUTyHdachl OaiiKamaipl,
OyJ1 KYWeHIH WHEPIUSIChIHA JKOHE OacTamnKbl OpeKeTTiH ocepiHe OalIaHBICTHI.
TypakTbl pexuMJE aybITKy OYpPBIIIBI TYPaKTaHIABIPBUIAABI, OYI KallayJbiH
TYPaKThl KYKTEMECiHE Coiikec KeJei. 3epTTeyAiH MPaKTUKAIBIK MaHbI3IbLIBIFbI
Mydranzap MeH Kamay Oepyai peTrey KyhenepiH jkobayay Ke3iHAE ajibIHFaH
TOYENAITIKTepAl MaijanaHy, COHAalH-aK TEOJOTHSUIBIK Oapiay YHFbIMajapblH
OYpFBUIAY PSKUMICPIH OHTAUIAHIBIPY MYMKIHIIT1 OOJIBIT TaObLTA b

TyiiiH ce3mep: reoorusuIbIK Oapiiay YHFbIMaJIaphIH OYpFbLIAY, KalllayFa OChTIK
KYKTEMe, HiHTIPEKTi MyQTa, OpTAIBIKTaH TENKIll KaJbInTap, TuddepeHInaiibiK
TeHAEeyNep, Oepyi peTTey, Kablll IHHAMHUKACHI
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AnHHOTanus1. Akmyanbrnocms. B paboTe paccMaTpuBaeTCss METO PETYITHpPOBa-
HUSI OCEBOM HArpy3KH Ha JIOJIOTO MPH OypEeHHH TeOJOTOpa3BEJOYHBIX CKBAKHUH
C HCIIONIb30BAHUEM YIPYTOW PHIYaXHOH MY(THI ¢ HEHTPOOSKHBIMU KOJOIKAMHU.
MydTa BXOIUT B COCTaB MPHUBOJA PEryNIATOpa TMOAAYM JOJI0TA W BBIMOJIHSICT
(YHKIIMIO MEXaHHMYECKOTO JaT4yhKa 0CeBOW Harpysku. VcciemoBanue JUHAMHKU
e€ pabovmx >JIEMEHTOB HEOOXOAMMO ISl TIOBBIIIICHUS] TOYHOCTH PETYIHUPOBAHUS
TT0/1a4H, YCTOHIMBOCTH ITpoTiecca OypeHus v HaaEKHO CTH Oy pOBOTO 000PYIOBaHMSI.
1]ens. PazpaboraTs MaTEMaTHUECKYIO MOJICTH ABMKCHHUS IICHTPOOSKHOM KOJIOAKH
yIPYTOoi peIYasKHONU MY THI, BBITIOJTHUTE YU CIIEHHOC UHTETPUPOBAHUE TIOTTYYEeHHOTO
TG GEepeHIINaTBLHOTO YPaBHEHHUSI M ONPEACTUTh KOOPJUHATY, CKOPOCTh U
YCKOPEHHE KOJIOAKH, a TAKXKE JJaBICHNUE Ha CTEHKU BhIpe3a My(THI B 3aBUCHMOCTH
OT KOHCTPYKTHBHBIX TapaMeTpoB M peXuMa padoTel. Memoosi. MccnenoBana
TUHAMIKA KOJOAKH YIpyroil My(hTel OypOBOTO PErymnsaTopa, MIPUMEHIEMOTO pu
reosioropa3BeiouHoM Oypenun. CocraBieHbl auddepeHnnatbHble ypaBHEHUS
JIBUKCHUSI KOJIOJIKUA C YYETOM JCHCTBHS LIEHTPOOCIKHOMN CHIIBI, CHIIBI YIIPYTOCTH
NPY>KUHBI U CONMPOTUBIICHUS CPeNbl. YPAaBHEHUS MPOUHTEIPUPOBAHBI YUCICHHO
MpU  PA3IMYHBIX 3HAYCHHUSIX KOHCTPYKTHUBHBIX W PEXKHMHBIX IapaMeTPOB.
OmnpeneneHbl BpeMEHHBIE 3aBHCHUMOCTH KOOPIWHATHI, CKOPOCTH W YCKOPEHUS
KOJIOJTKH, a TaK)Ke JaBJIEHUS HA CTEHKH BbIpe3a MyPTHI. Pesynomamsi. Pe3ynsraTs
YUCJICHHOI'O UHTCTPUPOBAHUA ITOKa3ain, YTO JBUKCHUC HCHTpO6e)KHOI>‘I KOJIOJAKH
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nMeeT KoiiebarenbHbIi xapaktep. C TedeHHEeM BPEMEHHM aMIUIHTyAa KojeOaHui
MTOCTCIICHHO YMEHBIIACTCS, TIOCJIE Yero CUCTEMa MEPEXOIUT B yCTAHOBUBIIUNCS
pexuM. Ha HauanmpHOM dTame 3aperucTpUpPOBAHBI 3HAYUTEIBHBIC AMIUTHTYIIBI
OTKIJIOHEHHSI U CKOPOCTH JABM)XEHUS KOJOJIKH, OOYCIOBICHHBIE HHEPITHOHHOCTHIO
CHUCTEMbI H BO3I[€I7ICTBI/IGM Ha4YaJIbHOT'O BO3MYIICHUS. B YCTaHOBUBILIEMCS
peXMMe YTrod OTKIOHEHHs KOJOAKH CTa0WIM3HPYeTCS, UYTO COOTBETCTBYET
YCTOMYMBOMY 3HAYCHUIO OCEBOW HArpy3KH Ha J0JO0TO. Buisodwl. Pazpaborannas
MaTeMaTH4ecKas MOJEb MO3BOJISICT OLECHUBATh JUHAMUYCCKUE XapaKTEPUCTUKU
LEHTPOOEIKHOM KOJIOAKH yIPYTONH PRYAKHONW MY(PTHI C YIETOM KOHCTPYKTHBHBIX
MapamMeTpoB U pexkrMa padoThl OypoBOTro perynstopa. [lonydeHHbIe 3aBUCHMOCTH
MOTYT TIPUMEHSATHCSA TPH TPOSKTUPOBAHUM ¥ COBEPIICHCTBOBAHUH YIIPYTHX
MYy(DT, CHCTEM pETyIHUPOBAHUS MTOJAYH J0JIOTa U BIOOPE pAllHOHALHBIX PEKIMOB
OypeHUs Te0IIOTOPa3BEIOUYHBIX CKBAYKUH.

KuroueBsble ciioBa: OypeHune reojoropa3BeJOYHbIX CKBaKMH, 0CEBas Harpyska
Ha JIOJIOTO, phluaxkHas MyQTa, EHTPOOSIKHBIE KOJIONKH, AU(QepeHInaIbHbIC
YpaBHEHHUSI, PETYIUPOBAHUE TIOIAYH, JTHHAMHKA KOJIOIKH

Introduction. The oil and gas industry occupies a key place in the economy
of Kazakhstan, being the main source of state budget revenues and a driver of the
country's economic growth. The rich oil and gas reserves concentrated in fields
such as Tengiz, Kashagan and Karachaganak ensure Kazakhstan's status as one of
the world's leading hydrocarbon producers (Niyazbekova et al., 2018).

Oil and gas exports make up a significant part of the country's foreign
trade balance, attracting foreign investment and contributing to infrastructure
development. The oil and gas sector provides jobs for a significant part of
the population, not only directly, but also through related industries such as
transportation, processing, engineering and service maintenance.

Drilling of exploration wells is a complex of operations for opening and
exploring the subsurface in order to search, explore and evaluate mineral deposits
(oil, gas, ores, groundwater, etc.).

The main objectives of drilling exploration wells are to determine the
geological structure of the section; to identify and delineate deposits; to take core
and fluid samples; to clarify reserves and their categories; to obtain data for the
design of production wells. Types of exploration wells are divided by purpose into
exploratory; exploratory; estimated; parametric. In terms of depth, exploration
wells can be shallow (up to 300 m); medium (300-1500 m); deep (more than 1,500
m), and according to the drilling method - rotary; turbine; electric drilling; shock-
rope (less often) (Mikheev, 2021).

The main stages of drilling exploration wells include the preparatory stage,
which includes geological and geophysical justification; selection of the drilling
point; site construction. The next stage is the drilling process itself, which includes
drilling through the barrel; casing fastening; and rinsing with drilling fluid.
Geological support is associated with core sampling; geophysical surveys (GIS),
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as well as a description of the section. Testing and conservation include reservoir
testing; well liquidation or conservation (Juraev, 2016).

The features of exploration drilling are increased requirements for core safety;
frequent lithology changes; drilling in difficult conditions (mountainous areas,
slopes, as in Mangystau); strict environmental requirements (Grakov, 2018).

The process of drilling exploration wells requires strict control of the axial
load on the chisel to ensure sustainable rock destruction, prolong the service life
of the drilling tool and prevent accidents. One of the key factors determining the
drilling efficiency of exploration wells is the correct distribution of the axial force
transmitted from the drill string to the bit. Excessive load can lead to premature
wear of the chisel and complications in the well, while insufficient load reduces
the mechanical drilling speed of exploration wells (Bai, 2021).

Automatic and semi-automatic bit feed control systems based on the use of
various sensors and actuators are increasingly being used in modern drilling
rigs. However, in conditions of limited space, high temperature and polluted
environment, the use of electronic systems is not always justified. In such cases,
reliable mechanical devices capable of performing control and regulation functions
without the use of complex electronics come to the fore.

One of these solutions is the use of an elastic lever clutch with centrifugal pads,
which is part of the drive of the chisel feed regulator. This coupling performs a
dual function: on the one hand, it participates in the transmission of rotation, and
on the other, it acts as a mechanical axial load sensor. The principle of operation is
based on the movement of the pads under the action of centrifugal force, balanced
by the elasticity of the lever elements. Changing the position of the pads allows
you to get information about the load, adjust the flow of the drill string.

The purpose of this study is to construct a mathematical model of the motion
of a centrifugal pad in an elastic lever clutch, integrate the resulting differential
equation, determine the coordinates, speeds and accelerations of the pad and
the pressure on the walls of the cutout of the clutch, depending on the design
parameters and operating mode.

The scientific novelty of the work consists in taking into account a complex of
factors affecting the dynamics of the shoe, including the elasticity of the lever, the
force of the resistance of the medium and the change in the radius of the trajectory.

The practical significance of the study lies in the possibility of using the
obtained dependencies in the design of couplings and bit feed control systems, as
well as optimizing the drilling modes of exploration wells.

Materials and research methods. The analysis of existing scientific and
engineering solutions presented in educational and scientific sources devoted to
the regulation of axial load on the chisel is carried out. Special attention is paid
to the works considering the dynamics of centrifugal clutch pads. To simulate the
behavior of the pads during movement, a differential equation has been compiled
describing the dynamics of their movement along the cutout of the coupling. The
equation takes into account parameters such as spring stiffness and rotational
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speed. This allows you to estimate the trajectory of the movement. After the
differential equation was compiled, it was integrated to obtain analytical and
numerical solutions describing the trajectory, speed and acceleration of the pad
movement and pressure on the walls of the coupling cutout, depending on the
design parameters and operating mode.

Discussion of the 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.

An elastic lever clutch with centrifugal pads is a mechanical device designed
to automatically regulate the flow of a drill string by converting rotational motion
into controlled axial movement. This coupling is part of the drive of the bit feed
regulator and plays an important role in maintaining optimal axial load on the bit
during drilling of exploration wells (Fedin, 2013).

The main elements of the coupling are:

— Levers pivotally mounted on the drive shaft and connected to elastic elements
(springs);

— Centrifugal pads mounted on the ends of levers that move radially when the
shaft rotates;

— Springs providing a return force balancing the action of centrifugal force;

The cutout of the coupling is the inner surface of the fixed part of the coupling
with which the pads are in contact.;

The axial force transmission system is the elements that connect the movement
of the pads with the feed mechanism of the drill string (Wu et al., 2024).

When the coupling shaft rotates, the centrifugal pads tend to move away from
the axis of rotation under the action of centrifugal force. This causes the levers to
rotate, and as a result, the radial position of the pads to change. The springs resist
this movement, creating a balancing force (Tang et al., 2017).

When the axial load on the chisel increases, the rotational speed decreases and
the centrifugal force weakens. The pads are pressed against the axis of rotation
due to the action of elastic forces, and the system reacts with a corresponding
increase in feed. As the load decreases, the rotation speed increases, the pads
deflect outward, and the mechanism restricts the feed (Sitnikov et al., 2003).

Thus, the coupling acts as a mechanical regulator, automatically changing the
feed force depending on the magnitude of the axial load and the speed of rotation.
The pads, in contact with the walls of the coupling cutout, create an adjustable
pressure that is proportional to their radial velocity and mass (Zhang et al., 2023).

To accurately assess the behavior of the clutch, it is necessary to consider the
movement of the shoe as a function of time, taking into account the mass of the
shoe, the length of the lever, the stiffness of the spring, as well as the resistance of
the medium (friction, inertial forces). These factors directly affect the speed and
trajectory of the pad movement and, consequently, the accuracy of feed control
(Strugovets et al., 2005).

To analyze the operation of an elastic lever clutch with centrifugal pads, it is
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necessary to create a differential equation describing the movement of the pad as
a function of time. The dynamics of the shoe is determined by the action of three
main forces: centrifugal force, spring elasticity force and the resistance force of
the medium (for example, friction and damping) (Sitnikov et al., 2018).

Let the centrifugal block M, considered as a material point, move along the
cylindrical channel of the moving coupling 4 (Figure 1). Let's find the equation of
the relative motion of this centrifugal block x = f(t), taking the reference point
O as the starting point.

We will also find the x coordinate and the pressure of the centrifugal pad on the
channel wall at a given value t = £;.

We will set the following data: mass of the centrifugal pad m = 0,08 kg;
constant angular velocity of the coupling 4 t«w = ém rad/s; initial coordinate
x, = 0,05 m; projection of the initial velocity on the x axis X, = 0m/s; t, =01
s; stiffness coefficient of the spring to which the centrifugal pad is attached M
£ = 0,20 N/cm; the length of the undeformed spring [, = 0,10 m; the coefficient
of sliding friction of the centrifugal pad along the channel wall f = 0.

Decision. We combine the moving Oxyz reference frame with the rotating
channel (notch) by aligning the x-axis with the trajectory of the relative motion of
the centrifugal block M.

The rotation of this system around the x, axis is a portable motion for the
centrifugal block M. The relative motion of the centrifugal block M is its movement
along the notch. In the case where the portable motion is a uniform rotation, the
relative motion of the centrifugal pad, taken as a point, is determined by the
equation (Shirkavand et al., 2010)

md, =LB+ 3+, (1)
where
2 B is the geometric sum of the forces applied to the centrifugal pad (point);

®E is the portable centrifugal force of inertia;

CDE 1s the Coriolis force of inertia.

Figure 1. Model of the movement of the centrifugal pad along the cutout of the clutch:
M — centrifugal pad; 4 — elastic lever centrifugal clutch.
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Forces are applied to the centrifugal block M: the weight 5, the spring reaction
P and the normal reaction of the channel wall (cutout); this reaction can be
decomposed into two mutually perpendicular components Ny and N,. We do not
take into account the force of friction, as well as the reaction of the iever, due to
their lower values.

We add to the forces acting on the centrifugal block M the portable centrifugal
force of inertia E;E and the Coriolis force of inertia E:;’, directed opposite to the
accelerations ag and d_. The acceleration direction @, is found according to
the well-known rule. Assume that the direction of the relative velocity E,, of the
centrifugal pad M coincides with the positive direction of the x-axis. In this case,
the Coriolis inertia force Ec is perpendicular to the plane xOz and directed as
shown in Figure 2.

hil

Figure 2. Forces and accelerations acting on the centrifugal pad.
The modules of inertia forces are determined by the formulas:
&° = ma’ = mw? - x;
& =ma, =m- 2w_v,s5in90 = 2mwi;

The power of elasticity: P =¢c-Al = ¢~ (x —1_).

The basic equation of the relative motion of the centrifugal block M in this case
has the form

ma, =G+P+N+® 4+ )

Let's make a differential equation of the relative motion of the centrifugal pad
along the x axis:
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mi = —P — Gsing + PF;
m¥ = —c(x — 1) — mgsinwt + me® - x;

The last equation is represented as

¥ — (m: —i)x = —gsinwt +i- [, 3)

™

The general solution of the obtained differential equation (3) has the form

x=x"+x*,
where
x* - the general solution of the corresponding homogeneous equation;
x** - partial solution of the equation (3).
Let's make up a characteristic equation and find its roots:

.
2 —(wt-—=)=o0;
G
— z_° — z_ 20 _ 1
Al—Jm < J{ﬁ] 2 _103%
A= [w?—<=-1032
m F

Then the general solution of the homogeneous equation has the form:
x$ — Cielﬂ,ﬂr _I_ C:e—lﬂ,ﬂr;
A partial solution of the equation is found in the form:

x* = Acoswt + Bsinwt + Ct + D;

We determine the constant coefficients 4 and B:

x* = —Asinwt + Beoswt + C;

i = —Aw’coswt — Bw’sinwt;
Calculating: w? — < = (6m)% ——= = 105,3 —;
m 0,08 et
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, , ,
—Aw“coswt — Bw sinwt — (ar ——) [Acoswt + Bsinwt +ct + D] =
m

c
= —gsinwt +—1_;
m

By coswt: —Aw® — Aw® + 4 i = 0
Means, 4 = q.

, , c
—Bw” —Bw~+B—=—g;
m

By sinwt: —Bw® —Bw® + B i = 0;

B(Em: —%) =g;

Byt;c=l];

Means: x** = 0,02sinwt — 0,24.

The solution of the differential equation of the relative motion of the centrifugal
block M takes the form:

x = C e 4+ C,e71%% 4 0,02sinwt — 0,24;
i =10,3C,e'™¥ — 10,3C,e™1%% 4 0,02wcoswt;

The integration constants C, and C; are determined using the initial conditions:
att=0%, = l],ﬂ.'imi'ﬂ = 0;

Then: x, =005=C, +C,— 0,24, C, + C;, = 0,29;
x,=0=103C, —10,3C, + 0,02w;

10,3(c, — C,) = —0,02 - 6m;
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0,02-6m _

—0,04;
10,3

c,—C,=
Solving the system:
{ C,+C,=0,29;

2c, = 0,25; €, = 0,125;
€, =029 —C, =029 — 0,125 = 0,165;

The equation of relative motion of the centrifugal pad takes the final form:
x = 0,125e%¥ + 0,165 + 0,02sin(6nt) — 0,24;
The speed of the relative motion of the centrifugal pad:
%= 1,29e%3 — 1 70e 103 4 0,38cos(6nt);
Acceleration of the relative motion of the centrifugal pad:

¥ =133e'™% +17,5e7 %3 — 7 2sin(6mt);

The values of the coordinates, speeds, and accelerations of the centrifugal pad
in various time values are given in Tables 1, 2, and 3.

Table 1. The coordinate x(t].
Ls 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
& m 0,05 | 0,19 | 0,75 | 2,50 | 7.48 | 2131 | 60,11 | 168,88 | 473,46

Table 2. Speed ().
.S 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
£, m/s -0,03 3,01 9,59 28,58 79,50 222,05 | 623,17 | 1745 4888

Table 3. Acceleration F(t].
Ls 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
= m,-’s: 30,8 36,65 110,81 | 297,32 | 812,17 | 2293 6430 17989 | 50396

According to Tables 1,2 and 3, graphs of the coordinates, speeds, and
accelerations of the centrifugal pad motion are plotted in various time values
(Figure 3).
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Figure 3. Graphs of coordinates, speeds, and accelerations of the centrifugal pad in various time
values.

Chart analysis:

The coordinate x(t):

The graph increases exponentially, especially after t=0,3 seconds. This indicates
an increasing movement with increasing displacement. The amplitude increases
greatly with increasing time, which is caused by the exponential term g19-3¢,

Speed x(t):

The speed also increases rapidly, at first smoothly, then very abruptly after
0,4-0,5 seconds. This is typical for motion with exponential acceleration.

Acceleration ¥(t):

Acceleration increases even faster than speed. After 0,5 seconds, it takes on
very large values, indicating an increasing acceleration.

The radius of the coupling is no more than 1 m, so the pad reaches its maximum
position in about 0,3-0,4 seconds, which corresponds to a speed of 28,58-79,50
m/s.

To determine the reaction of the cutout wall N at £ = 1 = 0.1

the vector equation in projections on the y axis.
Given that the vector @, L of this axis, we get:

S, We express

0 = —Gecosp — b, + N;
From this equation we find N:
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N = Gecosgp + ©, = mgcoswt + 2mwx;

To obtain numerical values, it is necessary to determine the coordinate *; and
the projection of the relative velocity of the point x, = w,_, corresponding to the
value t; = 0,1 s.:

x, =0,125e'%3%1 1+ 0,165e7103%1 4 0,02sin(6r-0,1) — 0,24 = 0,17 m;
i, =1,29e10%¥01 — 17710301 4 0 38cos(6m - 0,1) = 3,01 m/s;
Then:

N = mgcoswt, + 2mwx,; = 0,08-9,81cos(6w-0,1) +
42-0,08-6m-339=10N.

As the spring stiffness increases, the oscillation frequency increases and the
deflection amplitude decreases. As the angular velocity increases, the pressure on
the coupling wall increases significantly. Thus, the spring and rotation parameters
play a role in setting up the system.

Analysis of the results. Numerical simulation of the dynamics of the pad
movement in an elastic lever clutch made it possible to obtain quantitative estimates
of the deviation of the coordinate, velocity and acceleration of the centrifugal pad
movement and pressure on the wall of the clutch cutout at various time values.
The results obtained indicate the regular nature of the mechanism's behavior and
confirm the possibility of its use as a mechanical regulator for chisel feed when
drilling exploration wells.

The results of numerical integration have shown that the motion of the
centrifugal pad is oscillatory in nature with a gradual attenuation of vibrations and
transition to a steady state. At the initial stage, significant amplitudes of deviations
and velocities are observed, which is due to the inertia of the system and the
impact of the initial disturbance. In steady state, the deflection angle stabilizes,
which corresponds to a stable load on the chisel (Akhmetov et al., 2008a).

The pressure developed by the pad on the inner surface of the coupling depends
on:

— the radius of deflection of the lever;

— angular rotation speed of the coupling;

— pad weights.

A survey of the sources showed that under conditions corresponding to real
drilling conditions, the pressure reaches values up to 90-100 kPa, which is
sufficient to effectively activate the control mechanism for feeding the bit. This
confirms the possibility of using the coupling as a sensing element in the axial load
control system (Medetov et al., 2008).
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The calculations performed with varying parameters showed the following
effects:

— Increasing the spring stiffness leads to a faster return of the centrifugal pad to
its original position, reduces the amplitude of vibrations and reduces the deflection
radius, thereby reducing the sensitivity of the clutch to changes in rotation speed.

— An increase in angular velocity causes a significant increase in centrifugal
force, accelerates the movement of the centrifugal pad and increases the pressure
on the wall, which contributes to a more active effect on the feed mechanism.

— Changing the mass of the centrifugal pad affects the inertial component, as
well as the amount of centrifugal force and torque, which can be used to adjust the
sensitivity of the coupling.

Practical conclusions. The analysis confirms that the dynamic model
accurately reflects the physical essence of the processes in the coupling. The
obtained dependences allow:

— To determine the optimal parameters of the coupling design;

— Predict the system's response to changing drilling conditions;

— Adjust the column feed modes to ensure a given axial load on the chisel.

The mechanical coupling with centrifugal pads demonstrates high reliability
and sensitivity, which makes it particularly effective in environments where the
use of electronic equipment is limited (Akhmetov et al., 2008b).

Conclusions. In this paper, the dynamics of the operation of an elastic lever
clutch with centrifugal pads used in the drive of the bit feed regulator during drilling
of exploration wells is investigated. The main attention is paid to the mathematical
modeling of the pad movement, the numerical integration of equations and the
analysis of the resulting loads on the coupling elements.

Based on the performed research, the following conclusions were obtained
(Akhmetov et al., 2008b):

1. A second-order nonlinear differential equation has been compiled describing
the motion of the shoe under the action of centrifugal force, spring elasticity and
medium resistance. The equation takes into account the physical parameters of the
design and can be used to analyze different operating modes of the coupling.

2. Numerical integration made it possible to determine the coordinate, speed
and acceleration of movement and pressure on the wall of the coupling.

3. The pressure on the wall of the coupling cutout created by the block depends
on the angular velocity of rotation, mass and position of the lever. At typical
pressure parameters, they reach 70-100 kPa, which confirms the operability of the
mechanism as a supply regulator.

4. An analysis of the system parameters showed that the spring stiffness, pad
weight, and rotation speed critically affect the sensitivity and stability of the
clutch. These parameters can be used to fine-tune the device to specific drilling
conditions.

5. The results obtained are of practical importance for drilling equipment
designers and drilling engineers, as they make it possible to optimize the design of
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the mechanical bit feed regulator and increase drilling efficiency by automatically
maintaining the required axial load.
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