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Abstract. The oil and gas industry of the Republic of Kazakhstan, as one of the
leading branches of industrial production, is the basis of economic development
and largely determines the economic independence of the country.

In the oil and gas industry, a column of tubing is used to transport oil or gas and
operates under extreme operating conditions.

Threaded connections play a crucial role in ensuring the service purpose of pipes.
Threaded connections in the process of lifting and lowering operations and work
in the well are exposed to various forces: stretching, compressing, bending, etc. In
order to increase the service life of the tubing, the thread has to be re-threaded in
the process. In order to improve the quality of the threaded connection, it is urgent
and necessary to solve the problem.

In this article, a new combined two-stage metal cutting tool: a comb cutter and a
method for cutting internal threads have been developed. By using this, two or three
hole preparation operations can be integrated into one operation. The prediction of
the operational properties of the threaded pipe-coupling connection, the distribution
of the causes of destruction of oil grade pipes is given.

Keywords: tubing, threading, combined two-stage metal cutting tool, comb
cutter, static calculation, quality.
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Annoranus. Kazakcran PecmyOnukacblHBIH MyHaii-ra3 canachl ©HEpPKOCII
OHJIPICIHIH JKETeKIIl canajapblHbIH Oipi peTiHge SKOHOMHUKAHBI IaMBITYIbIH
Heri3i 0OoJIbI TaObUIAABI KOHE €JJIIH SKOHOMHUKAJIBIK TOYEJCI3IITiH alKbIHIaM b,
MyHaii-ra3 eHIipy canacblHAa COPFBI-KOMIIPECCOPIBIK KyOblp OaraHachl MyHain
HEMece Ta3 TachlMaijay YLIIH HalijanaHbulafbl KOHE SKCTpeMalibl NaiganaHy
JKaFaibIH/1a KYMBIC ICTEHII.

KyObipnapapiH KbI3METTIK MaKCaTbIH KaMTaMachl3 eTyneri OipiHmi Ke3eKTeri
MoH OypaHjanel KocbUIbicTapra Oenineni. Tycipy-keTepy omepauusuiapbl MEH
VHFBIMAJIaFbl JKYMBIC Ke3iHJIe OypaHJanbl KOCBUIBICTAp OPTYpil KyILITepre
VIIBIPAUBL: CO3Y, KbICY, LTy *oHE T.0. COPFhI-KOMIIPECCOPIIBIK KYOBIPIAPIbIH
KBI3MET €Ty Mep3iMiH y3apTy YIIiH OypaHaagapabl Kaiita kecy KaxeT. MyHbIH 0opi
OypaH/aibl KOCBUIBICTBIH CallaChIH KaKCapTyIbl KAMTaMachl3 €Ty YIIiH MIceJeH1
MICIITYAIH KOKSTTUIITT MEH ©3CKTUIITH TYIbIPaIbl.

By makanana eki carbuibl METaJIJI KECETIH JKaHa Kypall — Tapak KECKilll KOHE
1IKi Oypanpazapabl Kecy dici xacaiabl. OHbIH KOJIaHBLTY bl TECIKTI IaHbIH Y IBIH
eKi-YII oIlepalysiChIHBIH Oip omnepauusra Oipiryin kamTtamacwd eteri. "KyObip-
MyhTa" OypaHaanabl KOCBUIBICHIHBIH MaijanaHy KacHUeTTepiH Ooipkay, MyHan
KYObIpapbIHbIH Oy3blTy cebenTepin 0eiy KenTipiireH, MyHail KyObIpIapbIHBIH
ICTCH LIBIFY ceOenTepin Oemy.

Tyiiin ce3nep: cOprbI-KOMITPECCOPIIBIK KYObIpap, OypaHaaHbl Kecy, apajac eKi
caThUIbl METAJJI KeCKIIl KypaJl, TapaK KeCKilll, CTaTUKaJBIK €CEITey, cara.
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Annoranusi. Hedrerasosas orpacne PecnyOnukm Kazaxcran, kak omHa u3
BEIYLINX OTpacieil MPOMBIIIJIEHHOTO MPOU3BOACTBA, SBJISIETCS OCHOBOM pa3BUTHUSA
SKOHOMHUKHM U BO MHOI'OM OIIPEIEISIET YKOHOMUYECKYK) HE3aBUCUMOCTb CTPAHBI.
B nedrerazonoObiBaromieii oTpaciu KOJOHHA U3 HACOCHO-KOMIIPECCOPHBIX TPyO
WCTIOJIb3YETCS JUTS TPAHCTIOPTUPOBKH HE()TH MIIM T'a3a U pab0TaeT B SKCTPEMAaIIbHBIX
YCIIOBHSIX DKCILTyaTaluH.

[lepBocTeneHHOe 3HA4YEHHWE B OOCCIICUCHUHU CIIY)KEOHOTO Ha3HA4YCHUs TPyO
MPUYHCISIETCS Pe3b0OOBBIM COCIMHEHUSIM. Pe3p00BbIe coeaMHEHMs B Mpolecce
CIYCKOTIOIBEMHBIX Onlepaiiii ¥ paboThl B CKBRYKUHE MOJBEPTalOTCS BO3ICHCTBHIO
Pa3IMYHBIX YCUIIMHA: pacTATUBAIOIINX, CKUMAIOIIUX, H3rndatonmx u ap. C 1ensko
yBEIMUCHHS CPOKa PadOTHI HACOCHO-KOMIIPECCOPHBIX TPYO B IPOLIECCE MPUXOIUTCS
3aHOBO Hape3aTh pe3bOy. Bce 3TO BBI3BIBaET HEOOXOOMMOCTH M AKTYaJIbHOCTh
peleHus 3a1a4u, 17151 00ecieueHHsI TIOBBILICHHUS Ka4eCTBa Pe3b00BOTr0 COCMHEHHMSL.

B nanHoii cTathe pa3pabdoTaH HOBBIM KOMOMHUPOBAHHBIN JBYXCTYNEHYATBIN
METAJUIOPEKYIIMI HMHCTPYMEHT — pe3en-rpeOHka W cnoco® Hape3aHus
BHYTpeHHEH pe3bObl. [IpuMeHeHne koToporo obOecreunBaeT OOBEIUHEHUE B
OJIHYy OIIEpalMI0 JBYX-TPEX oOmepauuii INOAroTOBKU oTBepcTus. IIpuseneHo
MPOTHO3UPOBAHKE IKCIUTYaTAlIMOHHBIX CBOWCTB Pe3b00BOTO COEAMHEHUE «TpyOa-
My(hTay, pacnpeesneHue IPUUUH pa3pyleHus: TpyO HEPTIHOTO COpTaMEHTA.

KioueBble ci10Ba: HacOCHO-KOMIIPECCOPHBIE TPYOBI, Hape3aHue pe3bObl,
KOMOWHUPOBAaHHBIN JIBYXCTYNEHYATBIH METANIOPESKYLIMHA HHCTPYMEHT, pe3ell-
rpebeHKa, CTaTHUECKUI pacyeT, KaueCTBo.
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Introduction

With the growth of global energy demand, oil and gas companies face a wide
range of opportunities and, at the same time, risks in the segments of oil and gas
exploration and production, refining, transportation and marketing of products. The
main component of any mining equipment for oil wells, gas pipelines, as well as for
repair and lifting operations are tubes that connects into a column and descend into
the well, therefore, the quality of the threaded connection is critically important
to ensure tightness and reliability of operation (Tsybri, et al., 2022: 242-251). The
considerable length of oil pipelines implies ensuring reliable pipe connections
(Huifeng, et al., 2020: 022017). The problem of tightness and strength of threaded
connections of oil grade pipes is very relevant, because it is inextricably linked with
trouble-free wiring and fastening, durability and safety of oil well operation. The
best specialists in the industry are working on the problem of increasing technical
and economic efficiency and improving the designs of threaded connections.
Global pipe companies are investing heavily in improving and developing new
thread designs.

First of all, the permeability of threaded connections is influenced by the
design features of the thread. Screw channels are created by gaps in the thread
and are referred to as constructive. The main purpose of structural gaps is to
ensure satisfactory screwing of threaded connections. In addition to structural
gaps, any thread also has gaps of a technological nature, which are determined by
the deviation of the profile elements from the theoretical (nominal) dimensions.
Structural and technological gaps in the thread lead to the fact that the contact of
the pipe with the coupling in the threaded connections turns out to be permeable,
i.e. the connection itself is leaky (Dubinov, et al., 2022: 107-119; Ma, et al., 2019:
34-47). The complexity of the geometry of threaded connections implies increased
attention to the conditions of quality formation in the threading process. Threading
is the most crucial operation when making pipes and couplings for oil operations.
The quality of the threaded connection is determined, first of all, by the condition of
the machine tool - tool - part system. Errors in the course of the kinematic threading
process can be combined with errors in the tool and its installation, geometric errors
of the machine and the installation of the workpiece (Uzun, et al., 2016: 275-280).

For threading, a carbide threading tool is used, both domestic and imported, as
well as combined threading tools of various designs (Mustafayev, et al., 2024: 19-
29; Wu, et al., 2023: 4073-4081; Toshov, et al., 2023: 225-235; Kochergin, et al.,
2017: 87-91).

Materials and research methods. The analysis of designs and methods of
threading led to the development of a new combined two—stage metal cutting tool
- cutter-comb. The combined two-stage metal cutting tool (Figure 1) is designed
according to the principle of combining the parameters of a boring cutter (first
stage) and a threading comb (second stage).
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’

Figure 1 — The design of the comb cutter

A special feature of the design is that on the tool after the tip of the cutter there
is a stripping section with a width of b= 0.5 steps of the thread being cut or slightly
larger, @ = 0 (the main angle in the plan). All this leads to the work of the axial feed
boring cutter to obtain a high-quality cylindrical hole.

An internal thread cutting scheme with a combined two-stage tool has also been
developed, shown in Figure 2 (Kassenov et al., 2024: 42-50).

In Figure 2: 1 — the workpiece; 2 — a metal—cutting tool; @, — the rotational
movement of the workpiece or tool; &, — the angle of the profile of the thread being
cut, equal to 60°; S, — axial feed per revolution, equal to the pitch of the thread
being cut; D, — the outer diameter of the thread being cut, mm; Lw - the length of the
workpiece, b — the length of the stripping section of the cutting edge of the boring
cutter with the main angle in the plan equal to zero; ¢, — the main angle in the plan
of the boring mill; ¢*, — the auxiliary angle in the plan of the cutter; H, — the height
of the profile of the thread being cut.

Modern CAD systems can be utilized to increase forecasting productivity and
quality by providing tools that significantly facilitate work (Tuncer et al., 2023).

The prediction of the operational properties of the threaded pipe-coupling
connection was performed using the FEM automated control system, developed for
strength finite element express analysis in KOMPAS-3D.

7 Z

Figure 2 — Diagram of internal threading with a combined two-stage tool
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Table 1 shows the inertial characteristics of the pump and compressor tube
model.

Table 1 — Inertial characteristics of the model

Parameters Values
Mass of model [kg] 3.076002
The center of gravity of the model [m] (0.068397; 0.00001; 0.000006)

The moments of 1ne2rt1a of the model relative to the (0.007363: 0.000109: 0.000138)
center of mass [kg-m?]
The reactive moment relative to the center of mass [N-m] | (-385.225233; 110.723886; -61.032872)
(-3624093.632322; -1915.147431;

The total reaction of the supports [N] -5842.068534)
The absolute value of the reaction [N] 3624098.847078
The absolute value of the moment [N-m] 405.442068

The results of the static calculation are shown in Figure 3 and in Table 2.

i I SERIAFERTR

' [ n

c) d)
Figure 3 — Results of static calculation (a — calculation model; b — equivalent stress by Mises;
¢ — coefficient of yield strength; d — coefficient of safety margin)

Table 2 — Results of static calculation

Parameter Minimum value Maximum value
Mises equivalent voltage, MPa 15.578405 990.72787
Turnover margin ratio 0.32024 15.090012
Safety margin factor 0.558717 26.327256
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Results and discussion. The analysis of literature sources and studies (Liu, et
al., 2024: 271-287; Zeng, et al., 2020: 634—644; Mukhametshin, et al., 2016: 19-24;
Nabiullin et al., 2023: 88-93] showed that the upper zones of tubing in columns and
especially threaded connections (up to 50%) are most susceptible to damage, which
leads to their breakage and emergency situations (Figure 4).

Figure 4 — Distribution of causes of destruction of oil grade pipes

The use of threads obtained by cutting, combined two-stage metal cutting
tools compared with threads, by traditional methods (Kirichek et al., 2016), better
operational properties, and, consequently, increased durability and strength during
operation of the tubing. Thus, based on the calculation results for predicting the
operational properties of the tubing, it led to a reduction in time costs.

The execution time of the full threading cycle and additional operations was
reduced by an average of 20-30%, due to the cancellation of additional tool
replacement and reconfiguration of equipment.

Conclusions. As a result of the conducted research, proposals have been
developed to ensure and create favorable conditions for threading with a comb
cutter, which increase the accuracy and quality of processing. The combined two-
stage metal cutting tool reduces the number of transitions during manufacture,
reduces technological time, and therefore increases productivity.

Funding. This research has is funded by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No.
AP19678887).
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