G16 — I'ipnuymeo ma nagpmoeazosi mexHonozii

ISSN 2071-1859 (Print), ISSN 2521-6635 (Online)
UDC 622.245 https://doi.org/10.33271/crpnmu/86.023

© A. Zelinskyi!, Ya. Femyak', V. Artym!, V. Mykhailiuk!, I. Artym!
Tvano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk,
Ukraine

IMPROVING THE METHOD OF SEALING THREADED CASING
JOINTS BY USING ANAEROBIC SEALANTS

A.A. 3eminacekuii! https://orcid.org/0009-0001-0495-9935
AM. Dem'sx! https://orcid.org/0000-0003-4445-6731

B.I. Aprum! https://orcid.org/0000-0002-8938-552X
B.B. Muxaiimok! https://orcid.org/0000-0002-3329-2068
I.B. Aprum! https://orcid.org/0000-0002-3388-6827

IBano-®panKiBCbKMI HALIOHAIBHUM TeXHIYHMN yHiBepcuTeT HadTH i rasy, IBaHo-
®paHKiBChK, YKpaiHa

YIOCKOHAJIEHHS METOAY TEPMETU3ALIL PI3bOBUX 3’€EJHAHD
OBCATHUX TPYD I3 BUKOPUCTAHHSAM AHAEPOBHOI'O 'EPMETHUKA

Purpose. The purpose of this study is to improve the sealing method of threaded casing joints by
applying anaerobic sealants and to evaluate their effectiveness under the operating conditions of oil
and gas wells using numerical simulation and comparative analysis.

Methods. The study was based on a comprehensive literature review, comparative analysis of
modern sealing materials, and numerical simulation of a threaded casing joint using ANSYS Me-
chanical. The stress—strain behaviour of the joint was investigated under an axial load of 250 kN and
an internal pressure of 10 MPa, taking into account the mechanical properties of both the anaerobic
sealant and the casing steel.

Findings. The results demonstrate that the application of an anaerobic sealant ensures reliable
sealing of the threaded joint under operational loading conditions. The maximum equivalent stress
reached 210.11 MPa, which is below the yield strength of the casing steel, while the maximum total
deformation did not exceed 0.0706 mm, confirming the structural integrity and elastic behaviour of
the connection.

Originality. A numerical assessment of the effect of a polymerized anaerobic sealant layer on
the stress-strain state of a casing threaded connection was performed. In the model, the sealant was
represented as a deformable intermediate layer interacting with the mating thread surfaces. Three
calculation cases were compared: without sealant and with sealant having Young’s moduli of 3-10°
and 5-10° Pa and Poisson’s ratios of 0.40 and 0.45, respectively. A relationship was established be-
tween the mechanical properties of the sealant and the stress-strain state of the connection. The max-
imum equivalent stress was 210.11 MPa, while the total deformation was 0.0706 mm. Local stresses
in the sealant may exceed its tensile strength of 25-30 MPa and adhesive strength of up to 20 MPa,
indicating the possibility of local damage to the sealant layer.

Practical implementation. The approach can be applied in oil and gas well construction, repair,
and operation to improve casing joint sealing, reduce leakage and integrity risks, lower maintenance
costs, and extend casing life under high-pressure and aggressive conditions.

Keywords: casing string, threaded joint, anaerobic sealant, sealing performance, finite element
analysis, ANSYS Mechanical.

23


https://doi.org/10.33271/crpnmu/86.023
https://orcid.org/0009-0001-0495-9935
https://orcid.org/0000-0003-4445-6731
https://orcid.org/0000-0002-8938-552X
https://orcid.org/0000-0002-3329-2068
https://orcid.org/0000-0002-3388-6827

G16 — Mining and Oil and Gas Technologies

Introduction. The reliability and safe operation of oil and gas wells largely de-
pend on the integrity of casing strings and, in particular, on the tightness of their
threaded connections. Loss of tightness may lead to complications during well con-
struction and operation, additional repair works, increased downtime, and significant
economic losses [1-3]. Therefore, improving the reliability of threaded casing joints
remains an important engineering task in modern well construction.

The quality of casing pipes, their mechanical properties, testing procedures, and
operating requirements are regulated by international and national standards. In partic-
ular, API Specification S5CT establishes requirements for casing and tubing used in oil
and gas wells [4], while relevant Ukrainian regulatory documents define requirements
for the operation of casing strings [5]. However, compliance with these requirements
alone does not completely eliminate the possibility of leakage in threaded joints, espe-
cially under the combined action of axial loads, internal pressure, temperature changes,
and aggressive wellbore environments.

Various sealing materials and thread compounds are used to improve the tightness
of casing connections. Their effectiveness depends on the thread geometry, mechanical
loading, pressure, temperature, and the properties of the sealing material [6-8]. Con-
ventional sealing compounds can provide the required sealing performance only within
certain operating limits, which creates the need to investigate alternative sealing meth-
ods. In this context, anaerobic sealants are of particular interest because, after polymer-
ization in the confined space between metallic surfaces, they can form a continuous
sealing layer in the threaded connection. Therefore, it is important to evaluate not only
their sealing potential but also their influence on the stress—strain state of threaded cas-
ing joints under operational loading.

Ensuring the tightness of threaded casing joints is an important condition for the
reliable and safe operation of oil and gas wells. The sealing performance of such con-
nections depends on the geometry of the thread, the quality of manufacturing and as-
sembly, the applied tightening torque, the mechanical loading conditions, and the prop-
erties of the sealing material used [9—-12].

Conventional sealing materials and thread compounds are widely used to reduce
leakage through the gaps between mating thread surfaces. However, their effectiveness
may decrease under elevated pressure, temperature variations, cyclic loading, and ex-
posure to aggressive wellbore fluids. Therefore, modern studies are focused on improv-
ing both the design of threaded connections and the properties of sealing materials used
in the contact zone [26, 28, 29].

The sealing performance of threaded casing joints depends on the accuracy of
thread manufacturing, the quality of assembly, the applied make-up torque, and the
properties of the sealing material. Various technological and design approaches have
been proposed to improve the tightness of casing connections [13, 30]. These include
filling the cavities of the final turns of the internal thread with a compliant sealing
material [14], modifying the relationship between the pitch of the external and internal
threads [15], and using casing pipes with increased wall thickness and improved
threaded connection designs [16].

Although these approaches can improve the sealing performance of threaded
joints, their effectiveness depends on the operating conditions and the mechanical be-
haviour of the connection. Therefore, the use of additional sealing materials capable of
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interacting with the threaded surfaces and maintaining their properties under combined
mechanical and pressure loading remains of practical interest.

Along with the classic thread profiles used in domestic practice, premium connec-
tion systems are becoming increasingly common [17]. In particular, VAM ® connec-
tions [ 18] are characterized by multi-circuit sealing according to the "metal-metal" prin-
ciple, high resistance to bending loads, and proven reliability during long-term operation.
Another modern development is the VAGT ® system [ 19], which combines an improved
buttress profile of threads and a metal-metal seal, which ensures tightness even in envi-
ronments with a high content of hydrogen sulfide and during offshore drilling.

Analysis of industrial material and literature sources on the issue of leakage of
threaded joints of casing pipes made it possible to develop a classification of the causes
[19] of these violations (Table 1) and a description of the leakage of casing columns in
the fields of Shebelynka DD (Table 2).

Table 1
Classification of causes of leakage of threaded joints
Causes of leakage of threaded joints
Incorrect strength o Casing
calculation of the column Violation of technology deterioration

1. Lack of maximum
internal pressure when
carrying out various
works in the column.
2. Failure to take into
account the increase in

axial loads when 2. Mismatch of thread type and lubricant to well 2. Deterioration of

1 Deterioration of
1. Pipe runs with defects in threaded joints. drill pipes and
locks.

changing the temperature T bits and fishing
. conditions.
regime, abnormal tools.
external and internal
pressures.
3. Lack of simultaneous
action of internal pressure 3. Creating internal pressure. 3. Corrosion.

and tensile load.

4. Hydroabrasive

4. Poor connection of column sections. . .
deterioration.

5. Lack of control over the torque values when
screwing threaded joints.
6. Incorrect fitting of the pipe into the coupling
when they are screwed.
7. Uncontrolled twisting speed.
8. Non-compliance with the temperature
regime.
9. Thread damage.
10. Incorrect scheme of application of forces to
the pipe.

11. No use of anaerobic sealants in threaded
joints, including premium ones such as VAM®,
VAGT®. As a result, the risk of tightness loss
under cyclic loads and exposure to an
aggressive environment increases.
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Table 2
Violation of the tightness of casing columns in the fields of Shebelynka DD
Diameter
Area Well . Purpose  of C .
Field, No. Operating the well Causes of leakage violations
column, m
Twisting of threaded joints
Yulivske 25 0.146 Exploration | with underestimated torque
values
Use of low-performance
0.146 lubricants.
Muratovske 51 ' Development | Twisting of threaded joints
0.168 ) .
with underestimated torque
values
West 0.140 : .
Shebelynske 7 0.168 Development | Use of low-impact lubricants.
Twisting of threaded joints
. 0.140 with underestimated torque
Lychkivske 52 0.168 Development values
Use of low-impact lubricants.
The tightness is ensured by a
hfgieimm metal-metal seal; however, the
Eonnelétions i 0.140— Development | use of anaerobic sealants
(VAM® 0.168 / offshore minimizes the risk of tightness
VAGT®) losses qnder cychc loads and
aggressive environments

The following requirements apply to lubricants used in twisting threaded joints:

1. Good lubricating properties

2. The stability of the properties of the lubricant at intervals and when the temper-
ature changes in a certain range.

3. The required consistency is sufficient to prevent the liquid or gas pressure from
removing the grease from the thread gaps.

4. Prevention of seizures when screwing threaded joints.

The quality of the lubricant is assessed by the following indicators: friction coef-
ficient, adhesion force, and tightness of the threaded joints [21]. For comparison of
indicators, the research of USsA and R-2MVP lubricants can be provided as well.

The adhesion force was measured by a method, the essence of which was to de-
termine the peeling forces of a metal disc that interacts with a metal plate through the
lubricant, after contact for one minute. The change in the adhesive properties of lubri-
cants over time was also measured.

To assess the quality of the lubricant, the shear resistance of the lubricant was

determined.

To do this, the simplest method was used to move the lubricant through the hole
in the container using C-2.
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The device for determining the shear resistance of lubricants C-2 consists of a
housing-1, matrix-2, punch-3, container-4, and time-a display matrix d. The thickness
of the matrix 2 is selected based on the volume of lubricant in the container 4.

The values of the efficiency coefficients for various lubricants obtained experi-
mentally are given in Table 3

Table 3
Results of lubricants research
Name of the Adhes1qn of Oil resistance | Friction Coefﬁc1.ent of
: the lubricant . the lubricant
lubricant 5 for shear, MPa | coefficient .
kN/m efficiency

USsA 4.65 0.122 0,058 0.38

R-2 MVP 2.40 0.133 0.09 0.68

US-OT 6.9 0.146 0.08 1.57

The data presented in Table 3 demonstrate noticeable differences in the perfor-
mance characteristics of the investigated thread lubricants. Among the considered ma-
terials, US-OT shows the highest adhesion value of 6.9 kN/m? and the highest effi-
ciency coefficient of 1.57, whereas R-2MVP is characterized by a higher friction coef-
ficient compared with USsA. These differences confirm that the choice of sealing ma-
terial can significantly influence the mechanical and sealing behaviour of threaded cas-
ing joints. Table 4 provides recommendations for the use of sealing lubricants for var-
ious types of threaded joints.

Table 4
Types of lubricants to ensure the tightness of threaded joints of casing pipes

Well ;F (? mperature, ﬁle)sasure, Thread Lubricant

100 12.7 Triangular | R-2 MVP
Petroleum 120 12.7 -11- US-1

200 12.7 -11- R-402

200 12.7 -11- FUM tape

100 12.7 OTTG, TBO | R-2 MVP
Gas, 120 12.7 Any US-1
condensate | 200 12.7 OTTG, TBO | R-402

200 19.6 Any FUM tape
Gas, Premium Special thread
Condensate, | 200 70-80 (VAM®, compounds (NOV,
offshore VAGT®) Schlumberger)

The data presented in Table 4 show that the selection of sealing material depends
strongly on the operating conditions of the well, particularly temperature, pressure, and
the type of threaded connection. Conventional thread compounds and PTFE-based
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sealing materials are mainly used for standard threaded joints, whereas premium con-
nections such as VAM® and VAGT® require specialized thread compounds under
high-pressure operating conditions. This confirms that no single conventional sealing
material is universally applicable over the entire range of casing operating conditions
and supports the need to investigate alternative sealing technologies.

E-2075 lubricants are known as foreign polymer-based sealing lubricants [22]. E-
2075 is an epoxy resin with an inorganic thickener. This lubricant is resistant to long-
term operation at temperatures up to 2000°C. SHELL silicone threaded lubricants are
used to seal threaded joints [23]. These lubricants are a mixture of metal and graphite
powders, evenly distributed in a silicone base, the mass fraction of which is 36%. Solid
components of the lubricant, the mass fraction of which is 25%

Current research on sealing materials for threaded connections is focused on im-
proving their mechanical stability, adhesion to metallic surfaces, resistance to aggres-
sive environments, and ability to maintain sealing performance under elevated pressure
and temperature. Particular attention is given to polymer-based materials, including
anaerobic sealants, which can form a solid sealing layer directly within the threaded
interface. Such materials are promising for casing applications because their properties
may influence not only the sealing performance but also the stress—strain state of the
threaded connection [20, 31].

Identification of previously unresolved aspects of the general problem. De-
spite the considerable number of studies devoted to improving the sealing performance
of threaded casing joints [32], most existing approaches are based on conventional
thread compounds, premium threaded connections, or improvements in thread geome-
try. However, the influence of anaerobic sealants on the stress—strain state of threaded
casing joints and their ability to improve sealing reliability under high-pressure oper-
ating conditions have not been sufficiently investigated. Comprehensive numerical
studies of anaerobic sealants in threaded casing joints under combined mechanical
loading remain limited.

Presentation of the main research material. The implementation of this re-
search involves the development of its program [21], which includes four consecu-
tive stages. The first stage involved the study of information on the principle of an-
aerobic sealant operation. At the second stage, a concept of a stand was developed to
check the properties of anaerobic sealant and the physical justification of its work.
At the third stage, in accordance with the data obtained and the proposed design, a
model of the device was manufactured. The fourth stage involved conducting exper-
iments and analyzing data.

We hypothesized that contact with the metal promotes the formation of active
radicals responsible for oxygen depletion and polymerization of the anaerobic com-
position, transforming it from a stable liquid into a solid polymer [22].

Since metals differ from each other in electronic structure, they also have different
abilities to interact with the components of the initiating system. According to this
property, they can be divided into "active" — copper, iron, cobalt, copper alloys (brass,
bronze), iron alloys (cast iron, steel), and "passive" — zinc, aluminum, cadmium, silver,
chromium, alloy steel. Active surfaces accelerate polymerization due to the presence
of metal ions involved in redox processes. On active surfaces, hardening at room
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temperature with a set of 50-70% of maximum strength occurs in 1-3 hours. On a
passive surface, it takes 5—7 hours to harden. Full strength is achieved within 5-24
hours. Inhibitory surfaces include surfaces of porous materials containing oxygen. Pas-
sivation of the metal surface also gives the surface an inactive character. At elevated
temperatures of 60—-120°C, as well as when treating the surface with an activator, the
curing time is sharply reduced.

Let's make a comparative description of the currently existing sealants that are
actively used in the construction of wells and anaerobic mixture:

Loctite 8150

PTFE sealing tape

Agrinol Thread

10 Compound OM-=2
11 13

m Anaerobic’ seaalant m Self-curing sealing compound US-1

™ PTFE sealing tape m Agrinol thread compound OM-2
m Agrinol Thread Compound OM-2

Fig. 1. Dependence of modern sealants on temperature

250

H=7500m

H=1000m
H=5000m
H=4000m

H=3000m
H=2300rn
H=2000m

H=1300m

H=600m

- H=0m
Anacerobic Saffcuring

sealant sealine PTFE sealing

compound US-1 tape

Agrinol
Thread tocthe

Compound-OM-2 6150
W H=0m ®H=1000m ®WH=1500m ®H=2000m ®WH=2500m W®WH=5000m WH=5000m MH=8000m M H=7800m

Fig. 2. Dependence of temperature on depth
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The above graphs show the effectiveness of the use of anaerobic sealant even in
the operation of ultra-deep wells with a depth of more than 7000 m, which is a signifi-
cant advantage of their use in contrast to other proposed analogues. If we consider the
graph of dependence (Padq) from (H), it will look as follows:

Agrinol Thread Compond
OoM-2

PTFE sealing tape

Self-curing compound US-+1

Anaerobic sealant

(0] =10 100 150 200 250 300 400
AP =0 MPa AP =1 - 25 MPa ®mAP=5-50 MPa

AP =100 MPa WMAP = 150-250 MPa ®mAP =300 MPa
AP =100 MPa AP = 400+ MPa AP = 400+ MPa

Fig. 3. Dependence Padd on H

The comparative data presented in Figures 1-3 demonstrate that the considered
sealing materials differ substantially in their operating ranges and functional character-
istics. PTFE sealing tape and conventional thread compounds are applicable within
certain pressure and temperature limitations, whereas anaerobic sealants retain their
sealing capability over a wider range of operating conditions. At the same time, the
comparison does not indicate the absolute superiority of one material under all condi-
tions; for example, some self-curing compounds may withstand higher pressure ranges
under specific operating conditions.

The principal advantage of anaerobic sealants considered in this study is associ-
ated with their ability to polymerize within the confined space between metallic
threaded surfaces and form a continuous sealing layer. Therefore, unlike conventional
compounds that primarily provide lubrication and filling of thread clearances, the pol-
ymerized anaerobic layer can also participate in the mechanical interaction between the
mating surfaces. This feature provides the basis for the subsequent numerical analysis
of its influence on the stress—strain state of the threaded casing joint.

Thus, the comparison with conventional sealing materials presented in Figures 1—
3 should be regarded as a comparative assessment of their operating characteristics,
while the quantitative evaluation of the mechanical effect of the anaerobic sealant is
performed below using finite-element modelling.

To assess the effectiveness of sealing a threaded casing joint using an anaerobic
sealant, numerical modelling was carried out in ANSY S Mechanical [22]. All numeri-
cal results presented in this section were obtained using ANSY S Mechanical. The pur-
pose of the calculation was to determine the stress—strain state of the connection under
loads corresponding to typical operating conditions of gas wells at depths of more than
2000-3000 m.
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The model takes into account the real geometry of the threaded connection of the
casing pipe with a standard profile. As an object of modeling, pipes of standard size 7"
(177.8 mm outer diameter, 164.0 mm inner diameter), with a wall thickness of 6.5 mm,
were used. The material of the pipe is steel 20 or a similar alloy with a yield strength
of about 245-250 MPa.

Anaerobic sealant was accounted for as a thin layer in the contact area between
thread turns. It had the following characteristics: modulus of elasticity up to 1 GPa,
Poisson's ratio 0.3, resistance to the action of the medium (oil, gas, mineralized water),
and temperatures up to 150 °C. The sealant is modeled using nonlinear contact me-
chanics, taking into account adhesion.

Limit conditions and loads

The following loads are applied to the connection:

 An axial load of 250,000 N (250 kN) simulating mechanical pressure on a col-
umn in a deep well.

o The internal pressure is 10 MPa, which corresponds to the operating conditions
in a gas or condensate well.

« Fixed Support on the other side of the connection.

Such loads correspond to the conditions of work in an environment with increased
mining and geological risks.

Fig. 4. Distribution of stresses in the threaded joint of the casing pipe under the action
of axial load and internal pressure

Fig. 5. Deformations in the area of the threaded joint according to the simulation results
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B: Static Structural B: Static Structural B: Static Structural
S;atic Structural Equivalent Stress Total Deformation
Time: 1, 5 Type: Equivalent (von-Misesf@tress  Type: Total Deformation
14.04,2025 11:16 Unit: MPa Unit: mm

Time: 15 Time: 15

- Fixed Support
[BY Force: 2,5¢+005 N
[B) Pressure: 10, MPa

14.04.2025 11:19 14.04.2025 11:19

210,11 Max 0,070611 Max

186,93 0,062765
163,74 0,054919
140,55 0,047074
117,37 0,039228
94,184 0,031383
70,998 0,023537
47,813 0,015691
: 24,627 0,0078456 4
1,4416 Min 0 Min

Fig. 6. Effect of anaerobic sealant on stress distribution in a threaded joint

Based on the calculation of stresses according to the von Mises stress criterion, it
was found that the maximum stresses in the thread area reach 210.11 MPa (see Fig. 6).
The highest values are focused on the first turns of the threaded joints, which is ex-
pected, given the concentration of forces at the local contact points.

This value is lower than the yield strength of the steel pipe; therefore, plastic de-
formations do not occur in the metal body, which confirms the operability of the struc-
ture in the elastic mode.

The maximum total movement in the joint area is 0.0706 mm (see Fig. 6), which
indicates the rigidity of the assembly and its resistance to loss of tightness under me-
chanical stress. The largest movements are recorded in the coupling area, but they do
not exceed the permissible values for pressure retention.

Anaerobic sealant, modeled as a contact intermediate layer, has demonstrated sta-
bility of shape and properties when interacting with metal, even at high pressure. Due
to the adhesive interaction with the steel surface and high resistance to temperature and
aggressive environments, it ensured the preservation of tightness under loads up to 10
MPa. The presence of a sealant also reduces local stress peaks in the thread area, work-
ing as a damper.

Numerical simulations confirmed that the threaded connection of the casing pipe
with the applied anaerobic sealant successfully withstands an axial load of 250 kN and
an internal pressure of 10 MPa without losing its tightness. The results obtained indi-
cate:

« High reliability of connection with sealant;

« Absence of hazardous deformations under operational loads;

« The feasibility of using anaerobic sealants as an alternative to traditional sealing
lubricants.
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To study the stress-strain state of a threaded joint using an anaerobic sealant for
its sealing, a three-dimensional model of this connection was built according to API
Specification SCT (Figure 7).

Fig. 7. Threaded casing joint: 1— nipple;(2 — coupling

The obtained simulation results were compared [24] with the requirements of in-
ternational standards, in particular API Spec 5CT [25] and ISO/TS 14998, which de-
termine the methods of testing the tightness of threaded joints. The analysis confirmed
that the approaches that were used correlate with the practices of leading pipe manu-
facturers such as Tenaris, NOV, as well as developers of premium VAM ® and
VAGT® systems. This allows us to assert that the model reflects the actual operating
conditions of the casing strings.

Due to the fact that the research of this compound will be carried out only under
the action of loads acting in the axial and radial directions, its model has been simpli-
fied in order to speed up the process of simulation modeling. In this case, the axisym-
metric model is applied, which is shown in Figure 8.

3

|

|
i
|
|
|
}

Fig. 8. Axisymmetric model of threaded joint of casing pipes

The properties of the materials used for the elements of the threaded joint of the
casing pipes are given in Table 5

Table 5
Properties of materials
No. | Material Young's modulus, 10° Pa | Poisson's ratio
1 Steel 200000 0.26
2 Anaerobic sealant (option 1) |3 0.4
3 Anaerobic sealant (option 2) |5 0.45

The threaded connection was modelled as an axisymmetric contact problem be-
cause the investigated loading was applied predominantly in the axial and radial
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directions. The interaction between the nipple and coupling thread surfaces was repre-
sented using nonlinear contact mechanics. The anaerobic sealant was introduced into the
model as a deformable intermediate layer located between the mating threaded surfaces,
with its mechanical properties specified according to the considered calculation case.

The finite-element mesh was refined locally in the thread engagement zone, where
the highest stress gradients and contact pressure variations were expected. A coarser
mesh was used in regions located farther from the threaded contact zone in order to
reduce the computational cost while preserving sufficient resolution in the critical areas
of the model. The resulting finite-element discretization is shown in Figure 10.

The numerical model was validated by comparing its geometry, loading condi-
tions, and evaluation criteria with relevant standards [7, 15, 31, 32]. The highest equiv-
alent stresses were concentrated in the first engaged thread turns, where axial load
transfer between the nipple and coupling is greatest, confirming the expected mechan-
ical behaviour of the connection.

A separate mesh-independence study was not performed; therefore, the finite-el-
ement mesh was locally refined in the threaded engagement zone, where the highest
stress gradients were expected, and this limitation was taken into account when inter-
preting the numerical results.

To evaluate the work of anaerobic sealant, the following characteristics are re-
quired: compressive strength - up to 100 MPa; tensile strength — up to 25-30 MPa;
adhesive strength — up to 20 MPa; temperature range — from -55°C to +200°C.

Figure 9 shows the computational scheme used for simulation. According to this
scheme, a tensile load (A) is applied to the end of the pipe, and the end of the coupling
half is secured (B). It should be noted that the movement of the coupling end is pro-
hibited in the axial direction (Y) and allowed in the radial direction (X) (according to
the coordinate system, Fig. 9). The model of the threaded joint is divided into a grid of
finite elements (Fig. 10).

B: Static Structural
Displacement '
Time: 1, 5 :

16.04.2025 12:55

. Force: 4,5395¢+005 N

Displacernent

..

Fig. 9. Design model Fig. 10. Finite element grid

In order to improve the accuracy of the simulation results, the finite element grid
is made denser in the area of thread turns.

The stress—strain state of the threaded casing joint was investigated using three
numerical calculation cases in ANSYS Mechanical. In Case 1, the threaded joint was
analysed without anaerobic sealant under the action of axial load and make-up torque.
In Case 2, an anaerobic sealant layer was introduced into the contact zone between the
nipple and coupling threads; the sealant was characterized by Young’s modulus of
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3x10° Pa and Poisson’s ratio of 0.40. In Case 3, the same threaded connection and
loading conditions were considered, while the mechanical properties of the anaerobic
sealant were changed to Young’s modulus of 5x10° Pa and Poisson’s ratio of 0.45.

So, after the calculation, the following results were obtained: equivalent stresses,
displacements (Table 6). For the convenience of the analysis of the obtained results,
graphical dependencies of the change in the value of equivalent stresses on the threaded
joints' turns have been constructed.

Table 6
Simulation results

<
Q
‘5 .
s Equivalent stresses, MPa .
% Displacement, mm
Maximum Scale Limited Scale (200 MPa)
B: Static Structural B: Static Structural B: Static Structural
Equivalent Stress Equivalent Stress 2 Total Deformation
9 &
Type: Equivalent (von-Mises) Stress Type: Equialent (von-Mises) Stress Type: Total Deformation
Q Unit: MPa Unit: MPa Unit: mm
= Time: 15 Time: 15 Time: 1 s
'g 23.04.202510:19 23.04.2025 10117 23.04.2025 10:20
83 655,49 Max 655,49 Max
C 582,7 200
o g 509,91 175,05
] 3713 150,1
et Tﬁ 364,34 125,15
5 0 291,55 1002
S w 21876 75,246
S 145,97 50,296
S 7,183 25,345
g 0,39428 Min 0,39428 Min
—
C: Copy of Static Structural C: Copy of Static Structural C: Copy of Static Structural
Equivalent Stress Equivalent Stress 3 Total Deformation
Type: Equrvalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress Type: Total Deformation
Unit: MPa Unit: MPa Unit; mm
1) ~ Time: 15 Time: 15 Time: 15
5 — 28.04.2025 13118 280420251318 28.04.2025 13:17
(@) 8 1823 Max 1823 Max 0,11207 Max
.= 16206 200 0,10068
g a I a1, 175,11 0,089282
) = 12156 150,23 0077888
= Ll 03,2 125,34 0,066495
= = 810,73 ‘03,4_5 0,055102
- S 60528 75,567 0043708
— S [ | aos'az 50,68 0,032315
= = 203,36 25,794 0,020921
o~ 8 0.90706 Min 0.30706 Min 0,009528 Min
D: Copy of Copy of Static Structural D: Cropy of Copy of Static Structural D: Copy of Copy of Static Structural
Equivalent Stress Equivalent Stress 3 Total Deformation
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress Type: Total Deformation
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Fig. 11. Distribution of equivalent stresses in the nipple thread cavities

Thus, according to the results obtained, which are shown in Figure 11, the use of
anaerobic sealant increases the magnitude of stresses in the cavities of the nipple thread
turns . It should be noted that there is no significant increase in stress in the first nipple
thread cavity. The increase in stresses to such values will not reduce the strength of the
threaded joint.

As for the stress distribution in the anaerobic sealant, Figure 12 shows for option
1, and Figure 13 shows for option 2.

C: Copy of Static Structural
Equivalent Stress 2
Type: Equivalent (von-Mises) Stress

Unit: MPa
Time: 15 95,223
28.04.2025 13:49 Node 36231 f
1823 Max -
E 20 46367 >
175,35 Node 36218
L1 150,69 Node 36135 /-
126,04
. 101,38
— 76,729
52,075
I 27421
2,7666 Min

Fig. 12. Stress distribution in anaerobic sealant (option 1)
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Fig. 13. Stress distribution in anaerobic sealant (option 2)

According to Figures 12 and 13, stresses in some areas of the anaerobic sealant
exceed its tensile strength (25-30 MPa) and adhesion strength (up to 20 MPa).

Conclusions. Therefore, it should be noted that it is advisable to apply anaerobic
sealant to threaded joints immediately before screwing them and lowering the column
into the well. This can be explained by the fact that before solidification of the sealant,
a deformation of the threaded joint will occur, which, in the future, during its solidifi-
cation, will reduce the deformation and, as a result, prevent the occurrence of signifi-
cant equivalent stresses in it. This will also prevent the sealant from peeling off the
thread.

The research demonstrates the significant advantages of using anaerobic sealant
for threaded joints in casing strings. In particular, it was established:

1. The use of this sealant increases the reliability and durability of the joints,
which directly affects the performance of the casing. This, in turn, contributes to a
reduction in costs and time required for maintenance and repair, due to a longer service
life of joints and a decrease in the frequency of maintenance.

2. In addition, the use of anaerobic sealant significantly increases the safety of
casing operation. By preventing leaks, the risk of accidents is reduced, and environ-
mental protection is improved. This is important to ensure the safe and environmentally
responsible operation of the enterprise.

3. Also, improving the efficiency and reliability of joints has a positive effect on
the productivity of work at the facility, as the time spent on repairs and maintenance is
reduced. As a result, the overall productivity and efficiency of workflows increase.

4. The introduction of research results into production processes allows the com-
pany to significantly increase its competitiveness in the market. The use of new tech-
nologies and methods that improve the quality, efficiency, and reliability of products
and services strengthens the company's position and opens up new opportunities for
development.
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The results confirm that anaerobic sealants can improve the sealing performance
and operational reliability of threaded casing joints. Numerical analysis showed a max-
imum equivalent stress of 210.11 MPa and a maximum total displacement of 0.0706
mm. Comparison of three calculation cases demonstrated that the anaerobic sealing
layer and its mechanical properties affect stress distribution in the thread engagement
zone. Local stresses in some sealant regions exceeded its tensile strength of 25-30 MPa
and adhesive strength of up to 20 MPa, highlighting the importance of appropriate ma-
terial properties and application conditions. The proposed solutions [27] can be applied
in accordance with API Spec 5CT and SOU 09.1-30019775-258:2018 and used with
premium threaded joints such as VAM®, VAGT®, and Schlumberger developments
to improve casing reliability under high pressure, aggressive environments, and com-
plex well profiles.
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AHOTANIA
Meta. MeToio poOOTH € BIOCKOHAJIEHHs CIOcOo0y repMeTu3allii pi3b00BUX 3'€lHaHb 00CaTHUX KO-
JIOH IIIJISIXOM 3aCTOCYBaHHS aHAaepOOHUX T'ePMETHKIB Ta OIiHKA X €()eKTUBHOCTI B YMOBaX €KCILTya-
Tarii HaQTOBHX 1 ra30BUX CBEPAJIOBUH 13 BUKOPUCTAHHSAM YUCEIHLHOT'O MOJICIIOBAHHS Ta MOPiBHSIIb-
HOTO aHali3y.

Metoauka. Jlocii/pkeHHS BHKOHAHO 13 3aCTOCYBAaHHSM aHAJIITHYHOTO OIJISAY, HMOPIBHSUIBHOTO
aHaJIi3y Cy4aCHUX repMETH3YBaJIbHUX MaTEpiajiB Ta YUCETHLHOI'O MOJICIIOBAHHS Pi3bOOBOTO 3'€THA-
HHS 00caHOi KoJIoHM y iporpamHomy komruiekci ANSY'S Mechanical.

Pe3yabTaTn. BcTaHOBNIEHO, 1110 3aCTOCYBaHHS aHAepOOHOT0 TepMeTHKa 3a0e3neuye cTablibHy repMe-
TUYHICTb Pi3bOOBOTO 3'€THAHHS 32 0cbOBOT0 HaBaHTakeHHA 250 kH Ta BHyTpimHboro Trcky 10 MIla.
MakcumalbHi eKBiBaJIeHTHI Hanpy»keHHs1 craHoBuiau 210,11 MIla, a makcumanbHa cymapHa aedop-
Martig — 0,0706 mwm, 1110 MATBEPKY€ Mpane3qaTHICTh KOHCTPYKIi B MeXax Mpy>kHoi aedopmariii.

HaykoBa HoBu3Ha. [IpoBesieHO 4MCeNbHY OIIIHKY BIUIMBY IOJIMEPHU30BAHOTO LIapy aHaepoOHOTro
repMeTHKa Ha HalpyXeHO-AePOPMOBaHHIA CTaH Pi3b0OBOro 3’€qHAHHS 00caaHOi KonoHu. B monemi
TepMETHK IMPEJICTABIICHO K 1e(OPMIBHHIA MPOMIKHUH IIap, 110 B3a€MOJIIE 31 CIPSHKEHUMHE TTOBEPX-
HsAMH pi3b0u. [IOpIBHSIHO TpU PO3paxyHKOBI BUMIAJAKH: 0€3 repMeTHKa Ta 3 TEPMETHUKOM 13 MOYJIeM
FOnra 3-10°1 5-10° ITa ta koediuienrom Ilyaccona 0,40 i 0,45 BinnosigHo. BcTaHOBIEHO 3aI€XKHICTD
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MK MEXaHIYHUMH XapaKTepUCTUKAMHU T'€pMETHKa Ta Hampy>KeHO-1e(OPMOBAHUM CTAaHOM 3’ €JIHA-
HHS. MakcumarnbHe eKBiBaJIeHTHE HanpyxeHHsa cTaHoBUTh 210,11 MIla, cymapHe nepeMimeHHs —
0,0706 mmM. JIokanbHI HANIPYXEHHS B TEPMETHUKY MOKYTh IIEPEBHUILLYBATH HOTO MIITHICTb IPH PO3TATY
25-30 MIla Ta agresiiiny MinHicTh 70 20 MIla, 110 BKa3ye Ha MOXIUBICTD JOKAJIBHOTO MOIIKOI-
KCHHS I1apy.

IIpakTHyHa 3HAYyIicTh. 3ampoONOHOBAaHUM MiAXiax MoOXe OyTH BUKOPUCTaHMU MmiJ 4yac OymiB-
HUIITBA, PEMOHTY Ta eKCIUTyaTallii HaQ TOBUX 1 Ta30BUX CBEP UIOBUH IS i ABUIIICHHS T€PMETHYHOCTI
pi3p00BUX 00CaAHMX 3'€THAHb, 3MEHIIECHHS PU3UKY BUHUKHEHHS BHTOKIB 1 MOPYIIEHHS LUTICHOCTI
CBEP/UIOBHHM, CKOPOUCHHS BUTPAT HA TEXHIYHE 0OCIyTOBYBAaHHS Ta 301IBIICHHS CTPOKY €KCILTyaTa-
1ii 00caHMX KOJIOH B yMOBaX BUCOKOI'O THCKY M arpECHBHHUX CEPEIOBHILL.

Kniouoegi cnosa: o6caona xonoua, pizb006e 3'€OHaANH, AHAEPOOHUL 2epMEMUK, 2epMemMUYHICIb, Me-
moo ckinuennux enemenmie, ANSYS.
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