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METOJIUKA IMTPOEKTYBAHHS JIIKBIJAIIT NOTJIMHAHHS ITIPOMHUBKOBOI
PIAUHMU ITPU BY JIBHUIITBI CBEPJ1JIOBUH

Memorw pobomu € nidsuwjenHs e@exmusHocmi 30AAYiUHUX poOIm 3a pPAXYHOK 3ACMOCYBAHHA
MEPMONIACMUYHUX cyMilell npu JiKeioayii NO2IUHAHb NPOMUBANILHOI PIOUHU Y C8epON0BUHAX Npu iXx
cnopyoacenni. [locmaeneni 3a60annsa UPiULY8aIU KOMNIEKCHUM MEMOOOM OOCTIONCEHHS, W0 BKIIOYAE AHANI3
i y3azanvHeHHs JiMepamypHux i NAMEeHMHUX O0dicepen, NPO6eOeHHs AHALIMUYHUX, eKCHNePUMEHMATbHUX
00CHI0MHCEHD.

Y pobomi ompumana nodanvuwiuii po36umox meopis aikeioayii No2IUHAHHA MEXHOLOLIUHUX DIOUH
CHOPYOICEHHI C8epONIOsUH. Y pobomi 0OIPYHMOBAHO NOCIIO0BHICb MEXHONIOIUHUX onepayiil npu 1iKeioayii
NOCUHAHHA NPOMUBANLHOI PIOUHU Y cmogoOypi ceeponogur. llokazano nepcneKmuericms SUKOPUCHAHHS
3anpONOHOBAHUX NIOX00I8 OJisi CINBOPEHHS HOBUX MEXHONOIUHUX DillleHb.

Odeporcani pezyromamu CmMeopIoms OCHO8Y 05l PO3POOKU OLIbUL NPOSPECUBHUX MEXHON02il
JIKBI0aYii 30H NOSTUHAHHS C8EPOJIOBUHHOI PIOUHU, PO3POOKU HOBUX MamMepianié 3 GUKOPUCIAHHAM 18Ul
Gazo6020 nepexody MaAMROHANCHO20 Mamepiany, GUPOOHUYMEA HOBUX MAMNOHAICHUX MEPMONIACMUYHUX
mamepianie, po3pooKu MeXHON02IUHO20 pe2iaMeHmy i308Yii NOSTUHATOUUX 20PUSOHMIE.

Knwwuogi cnosa: Oypinna céeponosun, npoMusanbHa piouna, NOIUHAHHI, MAMANOHAIICHT Mamepiany,
po3nnas.

ITocTanoBka npodiaemu

[Iporiec OypiHHS CBEpUIOBMH TIOB'S3aHUN 13 TEOJOTIYHUMH YyCKIaaHeHHsSMH. OIHUM 3
HAWTONIMPEHINNX YCKIaJHeHb € TIOTJIMHAHHS TPOMHUBHOI pinuHM. Ha mikBifgamito MOTIMHAHb
BUTPAYAETHCS 3HAYHA YaCTKa Yacy Ta KOIITIB, [II0 BUTPAYalOTHCS Ha CLIOPYIXKEHHS CBEPUIOBHHM [ 1, 2].

Haii0inp11 nommpeHuM METOI0M 130141111 MOTJIMHAIOYMX TOPU3OHTIB € 3allOBHEHHS KaHAJIB
MOTJIMHAHHS TAMITIOHAKHUM PO3YMHOM. Takuii pO3UMH 3 9acOM IOBHHEH TBEPAHYTH 3 YTBOPECHHSIM
TAaMIIOHQ)XKHOTO KaMeHI0 abo 3arycatd 1 3MIIHIOBATHCS, 3aJUIIAI0YMCh B'S3KO-IUIACTHYHOIO
CUCTEMOI0. B pe3ynbTari HaBKOJIO CBEPAJIOBUHH CTBOPIOETHCSI BOJOHETIPOHUKHA 000JIOHKA, SIKa Ma€e
OyTH CTiiiKOl0 110 Tepemnaay THCKIB CHUCTEMH «IIACT-CBEP/UIOBMHA» IPH BUKOHAHHI PI3HUX
TEXHOJIOTIYHHX omepaiii [3, 4].

OCKiIbKH pO3paxyHOK TEXHOJIOTIYHUX IapaMeTpiB AaHOT TEXHOJIOri HEMOXKIMBO 3iIHCHUTH
ICHYIOUMMH METOJIUKaMH, y POOOTI HAaBEICHO KOMIUIEKC JIOCHTIKEHb 31 CTBOPEHHS 130JISIIMHOI
00OJIOHKH 3 JIETKOIJIABKUX TaMIIOHAKHUX MaTepiaib.

MerToro poboTu € miBUIIEHHS €(EeKTUBHOCTI 130JIAIHHUX POOIT 32 paXyHOK 3aCTOCYBaHHS
TEPMOIIACTUYHMX CyMillIeH MpH JIIKB1IaLil MOrTMHAHD TPOMHMBAJILHOI PITUHH Y CBEPAJIOBUHAX MIPU
iX CIOPY/KEHHI.
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Bukaan ocHOBHOTO MaTepiay
Cknao poodim. Y KomIuiekci poOIT i3 MPOEKTYBaHHS 1301l MOTJIMHAIOYOTO TOPU3OHTY
TEPMOIUTACTUYHUM MaTepiaJioM 13 3acTOCYBaHHSM BHOIMHUX TEIUIOBUX JDKEpel HEeoOXiTHO
BUJIUICHHS HACTYITHUX €TarliB [5, 6]:
- 30ip Ta 00poOKa reosyoriuHoi iH(GoOpMallii MO0 XapakTepy TPIIIMHYBATOCTI, IJIACTOBOTO
TUCKY, MICIIsSI pO3TalllyBaHHS, IHTCHCUBHOCTI IMOTJIMHAHHS MOTJIMHAIOYUX TUTACTIB;
- pPO3paxyHOK HEOOXITHHUX PO3MIPIB 130JAMIMHOI OOOJIOHKM Ta O00CATY PpO3IUIaBY
TEPMOIUIACTUYHOTO MaTepiany;
- BUOIp THITy TEPMOIUIACTHYHOT'O MaTepially Ta MOKJIMBHX JI00aBOK JI0 HHOTO;
- PO3PaxyHOK PEXKHUMY EIIEKTPOTEIJIOBOi 0OpOOKHM 30HM TOTJIMHAHHS Ta BUOIP MOTYXKHOCTI
TEIUIOBOTO JUKEpeia KOHTAKTHOTO TUITY.
Po3paxynok zeomempuyuHux po3mipis i3onayiiunoi o6ononku. Ilicis 3aBepiicHHs
130JIA11i1 TOTJIMHAIOYOTO TOPU30HTY HABKOJIO CBEPUIOBUHU Y 30HI yCKIIaJHEHHS (puc. 1) Mae
YTBOPHUTHUCS HETIPOHUKHA 000JIOHKA (3aBica), sSika Oy/ie 3HAXOAUTHCS ITi]T BIULTABOM TUCKY 3

I1acTa i CBepUIOBUHU. 3 OOKY CBEPAJIOBHHHU
7777777777 /7777777777 Ha 00OJIOHKY JIi€ THCK CTOBIA IIPOMHUBHOL
) 1 piauHU, SIK.I/II‘/‘I Mae nyﬂbcyqunﬁ Xapakrep
) (crycko-miIiioMHI orepartii, 3aImycK i 3ynuHKa
Hacoca Ta iH.). 3 60Ky Iu1acTa Ha L0
000JIOHKY Jli€ TUTACTOBHUI THUCK, SIKHH € OUTBII
g ) ctabinpHui. TakuM YUHOM, 130JISLIHHY
- 000JIOHKY MOYHa pO3IJIAJaTH SIK
MOPOKHUCTUH MIJTIHP, 110 3HAXOIUTHCSI ITi]T
. L / 3 THUCKOM, 1 HallpyTy Ha MOBEPXHI MOXKHA
T 7 / BU3HAYUTH 32 Gpopmyioro Jlsme:
by f 5:2R2(P1—P2)S[5] (1)
v . R> - R%
rY
M| / / ne 6 i [8] — BimmoBigHO poO3paxyHKOBa Ta
K r // JIONYCTUMA  HANPYTa; RVO 1 . R - p'flf[iy(i
b | CBEP/IJIOBHHH Ta 30BHIIIHIN PaIiyc 130 SMiHHOT
. 7777777 obomonku; Py 1 P> —  BiamoBigHO
< > TIIPOCTATUYHUA THCK CTOBIA TPOMHBHOI
flo PIAMHU B CBEPAJIOBHUHI Ta MJIACTOBUMN THCK.
“ > Jlns Bu3HA"YeHHST R MoXKimB1 1Ba
. BUTIAJIKU:
Puc. 1. Cxema npoYecy oy p > p, . : ©)
MAMNOHYBAHHS  NONUHAIOYUX 20PU3OHMIB =
mepmoniacmuyHumy mamepiaramu: 1 —
KOJNOHA OypurbHux mpy6;, 2 — eubiliHe
mennose 0dxcepeno Konmaxkmuo2o muny;, 3 — 6)P; <P R = Ro 1 ; 3)
NOTUHAIOYULL 20PUZOHM, 4 — MAMNOHAXHCHULL | 2(P2-P1)
mamepiarn [Gioc]

ze [5p] — JIONyCTHMa Halpyra TaMIIOHaYKHOTO KaMEHIO Ha PO3TAT; |8 | — BIANOBIAHO IOMyCcTHMA

Hampyra Ha CTUCKaHHA.
O06'em po3maBy TepMOIIJIACTUYHOTO MaTepiany V, BU3HAYa€ThCsl BUXO/SUM 3 TEOMETPUYHHUX
PO3MipiB OOOJIOHKH Ta HIMAapyBaTOCTI I1acTa

V =0,785[(1* — )Mo + 12(M + hy, + h)K,]; 4)
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ne 1, o — BiAMOBIAHO 1iaMeTpu OOOJIOHKH Ta CBEPJIOBUHM;, M — TOTYXKHICTh MOTJIMHAIOUYOTO
TOPU30HTY, M; O — IINAPyBaTiCTh IOTJIMHAIOYOTO TOPU3OHTY; /Ay — BEIMYMHA, IO BPAXOBYE
3aI0OBHEHHS CBEPJJIOBUHU PO3IUIABOM HIDKYE 3a 30HY noriuHaHHs (hy =1-2 m); A, — BenmuuuHa, 110
BpPaxoBY€ HEOOX1THICTh 3alIOBHEHHS PO3ILUIABOM CBEPJIOBUHH BHUIIE 30HU MOTJIMHAHHS (A = 2—3 M);
Ki — xoedilieHT, 10 BpaxOBY€ HasABHICTh KaBEpH y cBepaioBuHi, (K= 1,2—-1,3 m) [7, 8] .
Maca TepMOIIJIaCTUYHOTO MaTepiany 7 2 BU3HAYAETHCS 3a (HOPMYJIIOL0

m, =Vp,, ©)
1€ p,— WUIBHICTh MaTepiaiy.

Bubip muny mepmonnacmuunozo mamepiay. Sk TaMIIOHaKHI TEPMOTUTACTUYHI MaTepiaiu
(TTIM) 1o 11pOTO Yacy BUKOPHUCTOBYBAIKCS Pi3HI MOJIMEPH 1 MOHOMEPH, 1110 BITHOCATHCS JI0 TPYIH
tepmoractiB [9, 10]. TepmorutacTi XapakTepu3yIOThCSI THM, IO MOXYTh PO3ILIABIATUCS TPU
HarpiBaHHI 1 3HOBY TBEpAHYTH NP 0X0J10/LKeHHI. L{eil mporiec Moxe moBTOproBaTHCs 6araropazoso,
SKILO HATPIBaHHS HE TMEPEBHIY€E MEXi, PH SKiH MOJIIMEp PO3KIATAETHCS.

Jlo uporo yacy y npomucioBux mMaciradax sk TTIM 3acTocoByBanucs nuiie HapTOB1 OiITyMu.
Jlo OCHOBHHX HENOIIKIB OiTyMy, SIK TaMIOHA)XHOTO MaTepialy, BIIJHOCHTBCS HOTrO 31aTHICTBH
penakcyBartu B yaci. [Ipu nepenazi tucky 0,3—0,5 MIla BiH 31aTHHIA TEKTH HaBITh IIPH TeMIEpaTypi
+15 °C. PosmnaB 6iTyMy Ma€ UIUIBHICTD ONM3BKY A0 HIUIBHOCTI BOJIU 1 B CEPEIOBHILI MPOMUBHOI
piAMHYU 31aTHUN po3mapoByBaTUCs. biTyM morano po30yproeTbes i 37aTHU 3a0py IHIOBATH OYpOBHIA
iHCTpyMeHT. Bimomi naHi mpo HOro KaHIIEpOTEHICTh Ta MIKIIJIMBUN BIUIMB Ha HABKOJUIIHE
cepenoBuie. Yepes 1i Ta iHII HEHONIKH, OITyMH HE 3HAHILIM IIMPOKOTO 3aCTOCYBAHHS SIK
TaMIIOHA)XHUI MaTepia.

3 METOI YCYHEHHS HEIONIKIB, BIACTHBUX CcymimaMm Ha OiTymHid ocHOBi, y HTVY
«/lninpoBcbka momiTexHikay mia kepiBHUITBoM O.M. bpaxenenko [11, 12] ta FO.JI. Kyzina
BUKOHaHI POOOTH 3 PO3POOKH MPHUHIIMIIOBO HOBHX HETPAMUIIIHMX TEXHOJOTIH TaMIIOHYBaHHS
MOTJIMHAIOYUX TOPU30HTIB [13].

BinMiHHOIO OCOOJIMBICTIO 3ampoOINOHOBAaHUX TexHoJOrid € Te, mo TIIM 3 HH3BKOIO
TEMIIepaTypol0 IUIABJICHHS JIOCTABIISIETBCS B 30HY YCKJIAQAHEHHS B TBEPJAOMY T'PaHYJbOBAaHOMY
BUIJIAJIl, 1€ HArpIBA€ThCS A0 PIAKOTO CTaHy BHOIMHUM TEIUIOBUM JIKEPETIOM, 3 MOJAIbIINM HOro
3aYaBJIIOBAHHAM Y IINMAPUCTUI MPOCTIp MOTTMHAIOYOTO 00 HECTIHKOTO TOPU30HTY.

VY nepmomy Bumnanky [14] ax TIIM 3anponoHOBaHO 3aCTOCYBaHHS CIPKH, SIKa Ma€ HU3KY
nepesar. Cipka XiIMIYHO iHEpTHa, Ha Hei pyHHIBHO He [it0Th arpecuBHi Bojau. Cipka JIeTKO
pO30YpIOETHCS Ta HE HAJUIIAE€ HA TEXHOJOTTYHUN 1HCTPYMEHT. TepMiH 30epiraHHsl rpaHyJIbOBaHOL
CIpKM He BIUIMBAE Ha 11 (hi3MKO-MeXaHI4HI BIACTUBOCTI. BapTicTh Cipku npuOIM3HO piBHA BapTOCTI
LIEMEHTY 1 Habarato MeHIIa BiJl BAPTOCTI CHHTETUYHUX CMOJ. 3aBJIsKH HU3bKIM B'I3KOCTI PO3ILIaBY
SIK YUCTOI CIpKH, TaK 1 CIpKH 3 100aBKaMu IIacTU(]iKaToOpiB, BOHA MOXKE JIETKO IPOHUKATH B TPChKI
MOpPOJIM 3 HE3HAUYHUM PO3KPUTTAM TpimMH. KpHUXKICTH CIpku MOXke OyTH YCyHEHa 3a paxyHOK
n00aBKu TuIacTH(iKaTopiB. MIIHICTh TaMIOHAXHOTO KaMEHIO, OTPUMAHOI0 HpPU OXOJIOJKEHHI
pO3IIaBy CIpKH, MOKHA TIOPIBHATU 3 MIIHICTIO IIEMEHTHOTO KaMEHIO, MPUYOMY B pPaHHIN cTajii
TBEPJIHHSA MILHICTh CIPKM Ha MOPSAAOK BHUINE MIITHOCTI Ha OJHOBICHE CTUCHEHHS LEMEHTHOTO
KaMeHro. Temmeparypa TUIaBICHHS TAaMIIOHXHOTO TEPMOIUIACTHYHOTO MaTepialy MOKHA
pEeryJItoBaTH BBEJICHHIM IUIaCTU(IKATOPIB.

Y napyromy Bunaaky [15] sk TIIM 3anpomoHOBaHO oOpraHiyHI B'SKydli Ha OCHOBI
CHUHTETUYHHUX TEPMOIUIACTIB, SKi I03BOJISIOTH OTPUMATH MiI[HE Ta HeJopore 0e3TpyOHe KpilIeHHs.
[TonieTnieH Ta MOMINPONIJIEH HE MAIOTh €KOJIOTIYHUX MPOTUIIOKA3aHb MIPU KPIIJIEHH] Ta MPOBEICHH1
130J1ALIHHUX pOOIT y cBepAoBUHI. [ paHyIb0BaHI KOMIO3MIINMHI CKJIAM 3 OPTaHIYHOK MaTpPULIEIO
Ta MiHEpaJbHUMHU HANOBHIOBaYaMM BIANOBIJAIOTh YMOBAM €KOJOTIYHO YHCTOro 0e3TpyOHOro
KpITUIEHHS Ta 130JA1i1 YCKIaJHEHUX 1HTEPBaJIiB CBEpAJIOBHH.

Po3po0rieni TaMnoHa)kH1 MaTepiaiy pU TBEPAIHHI HE 1al0Th YCAKU 3 YTBOPEHHSIM TPILIHH,
HE PO3TIKAIOTHCS B TPILIMHAX, MAIOTh XOPOLIY 3YEIUTIOBAHICTh 3 TPCHKUMHU MOPOJAMH, CTiHKi 710
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BIUIMBY BOJI 1 miepenaaiB THCKiB. KpiM Toro, 1 B'sikydi pe4OBUHH OJHOKOMIIOHEHTH1, TEXHOJIOT14H1
IIPU IOCTABII B 30HY TAMIIOHYBaHHS, JIETKO PO30YPIOIOTHCS 1 HE HAJTUIAIOTh HAa OYPOBHIi IHCTPYMEHT.
MaroTh HIUIBHICTB BUIIIE 32 MIUTHHICTH OypOBOTO PO3YHHY.

Pospaxynox napamempie enexmponazpiey 30nu yckaaonenns. J{ns 3a0Ge3nedeHHs] TOBHOTO
pO3MIIaBICHHS BCi€l MacW TepPMOIDIACTUYHOTO MaTepialy B 30HI YCKIQJHEHHS, HEOOXiIHO Harpitu
CBEPUIOBHHHY DiliHY 10 TemrepaTypu T1, sika 103BoHTh po3muiaBut TIIM.

s TemnepaTypa Bu3Ha4aeThes 3a (GOpMysIor0

c,m Ts+c,m,(T3—T2) +Am,

T ; (6)

¢,m,

Je A — MUTOMA TEIUIOTA IUIABJIEHHS TEPMOIUIACTUYHOIO Marepialxy; m; — Maca CBEpAJOBHHHOI
piauHU; €1, €2 — MUTOMA TEIJIOEMHICTh CBEPUIOBUHHOI PiAMHU Ta TEPMOIUIACTUYHOTO Marepiainy
BiAnoBinHo; T2 — TeMneparypa cBepUIOBUHHOI PiZIMHYU Y 30HI MTOTIMHAIOYOTO TOPH30HTY.

B pesynprari micas poO3MJIABIEHHS TEPMOIUIACTUYHOTO Marepialy B CBEpUIOBUHI
BCTaHOBUTHCS IIOBHA TEIIOBA PIBHOBAra 3 TEMIIEPaTypoOIO PiIMHN CBEPUIOBUHHOT 73 .

SIKII0 MPUHHATH 00CST CBEPAJIOBUHHOI PiAWHY, IO HATPIBAETHCS, PIBHUM 00'€MY pO3ILIaBy
TEPMOIUIACTUYHOTO MaTepiaity, TO Maca PiANHH, 110 HArpiBa€ThCsi M1, JOPIBHIOE

m; = Vpl; (7)

1€ p,— WUIBbHICTb CBEPUIOBUHHOI PIHHU.
3Haroun TemmepaTypy 71 1 3aJaBIIMCh MOTYXKHICTIO €JEKTpOHArpiBaya, BHU3HAUYAIOTh
TPUBAJICTH MPOTPIBY 30HU YCKJIATHEHHS 3 pUC. 2.

T.°C q=12 xBr

140

q=8 kBt

p
g
/e

/
Ny | i
//

| ————q=6KBT

L

100

\

l/
|

2 4 6 8 10 12 t, rom.

Puc. 2. 3anexcnuicmob memnepamypu nacpisanus Oypo8o2o po3uuy 6 30Hi menjioeo2o oxcepend
KOHMAKMHO20 MUny 6i0 4acy Ha2piBauHs 8 ceepolosuni oiamempom 76 mm

3aneXHOCTI, 110 HaBEJIeHI Ha pUC. 2, OTPUMaHl aBTOPAMU y Pe3yJbTaTi CBEPAJOBHHHHX
JOCIIJKeHb TPOIIeCy HarpiBy HPOMMBAJIbHOI PIJUHM BUOIMHUM €JeKTpOHarpiBayeM B YMOBAax
OypoBOTO TONIrOHy Kadenpu, a TaKoXK y pe3yibTaTi CBEPUIOBHHHUX JIOCTIPKEHb TEXHOJOTIi
JIKBiJaMii MOTrJIMHAHHS IPOMUBAIBHOI PIIMHU B yMOBax ['eonoropo3siayBanbHOi excrenuiiii Ne37
AT'TI «kKIPOBI'EOJIOT T51».
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BucnoBku

Jiia ycnimHoi 60poTh0H 3 HOTVIMHAHHSAMU P1IMHU AJI IPOMUBAHHS TOBUHEH BUPILITYBATHUCS
ps THUTaHb: BHUBYEHHS NPOHMKHOTO TOPU3OHTY, HOro OIiHKa, BUOip crocody OopoTedu 3
MOTJIMHAHHSIMHU, peajizaiis IPUHHATOr0 Croco0y, KOHTPOJIb POOIT.

S TaMOOHaXHUH  TEPMOIUIACTHYHUK  MaTepial PpPEeKOMEHAYEThCS  3aCTOCOBYBATH
OJITHOKOMITOHEHTHI TaMITOHAYKHI MaTepiaiv He Ha BOJIHIA OCHOBI.

TemmepaTypa HarpiBaHHs TEPMOIUIACTUYHOTO MaTepialy B CBEpAJIOBHHI Mae OyTu
140-180 °C.

A. Sudakov', A. Dreus’?, M. Dryhola’

'Dnipro University Technology, Ukraine
’Oles Honchar Dnipro National University, Dnipro, Ukraine

DESIGN METHODOLOGY FOR ELIMINATING ABSORPTION
OF FLUSHING FLUID IN WELL CONSTRUCTION

The objective of this work is to enhance the efficiency of zonal isolation operations through the application
of thermoplastic mixtures for mitigating drilling fluid losses (lost circulation) during well construction. The outlined
tasks were addressed using a comprehensive research methodology, which included the analysis and synthesis of
literary and patent sources, alongside analytical modeling and experimental studies.

This research further advances the theory of mitigating lost circulation during well construction. It
provides a substantiated sequence of technological operations for eliminating drilling fluid losses in the wellbore.
The prospective utility of the proposed approaches for developing novel technological solutions is demonstrated.

The obtained results establish a foundation for: 1) developing more advanced technologies for sealing
off lost-circulation zones, 2) designing new materials utilizing phase transition phenomena of the sealing
compound, 3) manufacturing novel thermoplastic sealing materials; 4) formulating a technical specification
for the isolation of thief zones.

Key words: well drilling, drilling fluid, loss circulation, plugging materials, thermoplastic melt.
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AUTOMATION OF DRILLING EQUIPMENT MONITORING AND DIAGNOSTICS
USING 10T TECHNOLOGY

The rapid evolution of the oil and gas industry necessitates advanced solutions to enhance the reliability,
efficiency, and safety of drilling operations. Traditional monitoring and diagnostics of drilling equipment, reliant
on manual inspections and scheduled maintenance, suffer from inefficiencies, delayed fault detection, and high
operational costs. This study explores the application of Internet of Things (IoT) technology to automate the
monitoring and diagnostics of drilling equipment, addressing these challenges through real-time data acquisition
and advanced analytics. The proposed loT framework integrates sensors (e.g., vibration, temperature, pressure),
lightweight communication protocols such as MOTT and CoAP, and cloud-based platforms like AWS IoT for
data storage and processing. A case study was conducted on a simulated drilling rig, collecting 1.2 million data
points over 30 days to evaluate system performance. Machine learning models, including Random Forest
classifiers and LSTM networks, were employed for fault detection and predictive maintenance, achieving a
precision of 0.92, recall of 0.89, and F1-score of 0.90 in identifying anomalies such as bearing wear and pump
pressure issues. The loT system reduced unplanned downtime by 18% and maintenance costs by 15% compared
to traditional methods, with edge-based anomaly detection averaging 150 ms and cloud-based diagnostics at 1.2
seconds. Challenges include network reliability, with 5% packet loss in low-connectivity scenarios, data security
requiring robust encryption, and integration with legacy systems necessitating custom middleware in 30% of
cases. The system improved operational safety by early fault detection and reduced energy consumption by 12%,
contributing to environmental sustainability. Comparative analysis with traditional methods underscores the loT
system’s superior accuracy and efficiency, driven by real-time data and predictive analytics. Future research
should focus on integrating advanced Al, such as deep reinforcement learning, and edge computing to enhance
system responsiveness and scalability to other industrial applications. Recommendations for industry adoption
include using standardized protocols, investing in reliable networks, and training personnel for effective loT
implementation. This study demonstrates that loT technology offers a transformative approach to drilling
equipment management, with significant implications for operational efficiency, safety, and sustainability,
provided challenges like network reliability and system integration are addressed.

Key words: Internet of Things (loT), drilling equipment, predictive maintenance, fault detection,
machine learning, real-time monitoring, operational efficiency, data analytics, network reliability, industrial
automation.

Introduction

Drilling operations in the oil and gas industry are critical to global energy production, requiring
robust systems to ensure equipment reliability and operational efficiency [1]. Effective monitoring and
diagnostics of drilling equipment are essential to minimize downtime, reduce maintenance costs, and
enhance safety [2]. However, traditional monitoring methods often rely on manual inspections and
scheduled maintenance, which are labor-intensive, prone to human error, and limited in their ability to
detect faults in real time [3]. These approaches frequently result in unexpected equipment failures,
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