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Abstract

Introduction. With the growth in the production and transportation of gas and oil, the urgency of the problem of
tightness of the connection of pipes of the oil and gas range increases. The most common are coupling and streamline
threaded connections. Threads of the buttress type, conical trapezoidal, and triangular threads are used. The tightness of
the connection depends directly on their quality. The production of pipes and couplings is influenced by many factors.
Examples include technological heredity, rigidity of technological equipment, its setting and resetting. The required
connection quality is provided by the quality of the elements. The assembly should take into account the possibility of
complete interchangeability. The second recommended option is a group assembling. In all cases, control operations are
mandatory. The paper presents the results of studies on the distribution of pipe and coupling thread quality parameters
in the batch.

Materials and Methods. Fragments (tubular parts) of casing pipes with trapezoidal thread and increased
tightness (CPTT) and with trapezoidal thread of the buttress profile were studied. They were randomly selected from
different batches. When measuring, the samples were fixed in the chuck of 11611P lathe. The measuring instrument was
a clock type 0 accuracy class indicator with a stand. Generally accepted statistical methods were used to evaluate the
data obtained.

Results. The experiments have found how the tightness of the connection through the method of complete
interchangeability is affected by the radial runout of the surfaces of the thread profile tops, the pipe chamfers, and the
sealing belt.

Discussion and Conclusions. Significant deviations of the values of the thread parameters from the permissible ones
were found, which might cause a leak in the connection. Obtaining a high-quality and reliable connection is possible
when assembling by the method of incomplete or group interchangeability.

Keywords: OCTG connection, connection quality, quality control, buttress connection, CPTT connection, radial runout
of buttress thread surfaces, radial runout of CPTT thread surfaces.
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Introduction. Exaggeration of the operating conditions for pipes is associated with the complication of profiles and
an increase in the depths of wells in new oil-and-gas fields. Oil and gas grade pipes are exposed to significant
alternating loads at the operating temperature ranges from minus 60 °C to plus 200 °C [1-6]. The products in question

must meet the requirements for resistance to fatigue and brittle fracture, as well as corrosion resistance in aggressive
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environments. This determines the choice of materials for their production. The considerable length of oil and gas
pipelines implies providing reliable connection of pipes. Domestic manufacturers offer coupling and inserted
connections with conical trapezoidal and triangular threads [7-10]. In the coupling types, the following are
distinguished:

— CPTT (for casing pipes with trapezoidal thread and increased tightness);

— with buttress trapezoidal thread.

The connection of the first type is characterized by high tightness and resistance to tensile loads. These qualities are
provided by the shape of the thread profile — an uneven trapezoid with a pitch of 5.08 mm and a taper of 1:16 (Fig. 1)
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Fig. 1. Coupling connection of casing pipes of CPTT type

Machine building and machine science

243



Advanced Engineering Research 2022. V. 22, no. 3. P. 242-251. ISSN 2687-1653

The angle of the stab flank of the pipe of 10 ° provides an easy fit into the coupling and reduces the probability of
thread jamming. Under tensile and bending loads, the pipe thread should not disengage from the coupling thread,;
therefore, the support end of the profile is made at an angle of 3 ° [8-12]. The mating conical sealing surfaces located
behind the thread increase the tightness. When connecting, the amount of tension is limited due to the contact of the
products along the inner bearing faces. The sealing ring made of PTFE increases the tightness of the joint [13].

The scheme of the coupling connection with a trapezoidal buttress thread is shown in Figure 2.
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Fig. 2. Coupling connection of buttress casing pipes

A distinctive feature of this type of connection is the ability to take significant tensile loads for a long time. The
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buttress thread profile has the shape of an unequal trapezoid with a pitch of 5.08 mm and a taper of 1:16 [14].
The angles of inclination of the embedded and support ends are 10° and 3°, respectively. This simplifies assembly

244 and reduces the probability of jamming. For tightness, a special lubricant or fluoroplastic rings are used [15].
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Basic requirements for common type of casing pipe connections:

— permeability in wellbores of varying complexity and depth, including in areas of significant curvature;

— tightness of pipe columns and high strength for all types of loads;

— providing the passage of devices and tools into the inner space of the pipe columns during technological
operations.

It is required to strictly comply with the requirements of standards for the quality of threaded connections, as well as
for the means and methods of control. The characteristics of threaded connections of casing pipes are regulated by
GOST 632-80 and API 5B international standards. These documents prescribe to control the following parameters:
appearance of the thread, thread geometry and sealing conical surfaces, tension on the threaded working gage.

Note that the shapes of the mating elements of the pipe and coupling in cross sections do not always coincide. In
these cases, in some areas, the mating surfaces will not contact, that is, the mating will remain loose. This creates
conditions for a leak in the connection. If such a gap is not eliminated by positive drawing-up of the conical joints, then
it is impossible to provide the effect of a ring lock, which guarantees tightness. Thus, deviations from the taper create

prerequisites for leaks. As an example, consider the connections of CPTT and buttress pipes with an outer diameter of

127 mm. On a section of 25.4 mm, the permissible deviations from the taper are respectively: 03 mmand "% mm.

Materials and Methods. The data obtained in the framework of the study were statistically processed using
generally accepted methods.

To determine the degree of tightness of the suitable pipes, the radial runout of the conical and cylindrical surfaces of
the pipes was measured. These elements were fixed in the outside jaws of a three-lobe lathe chuck (i.e., along the pipe
base surface on 11611P machine), subject to minimization of elastic deformations of the object from the clamping
forces. First, the lathe jaws were brought into contact with the nozzle with a force sufficient to hang it off — this is how
its axial position in the chuck was corrected when the spindle was turned. The surface runout was visually controlled.
Then, in the plane of the jaws, a contact was created between the surface of the tubular part and the dial gauge mounted
on the rack (Fig. 3). The tubular part was clamped in the chuck jaws. The gauge arrow was used to make sure that the

clamping force did not deform the wall of the tubular part between the chuck jaws.

Fig. 3. Scheme for measuring radial runout of the tubular parts and couplings:

1 — product; 2 — three-lobe lathe chuck; 3 — dial gauge

To measure the runout of the seal band and chamfer, the lathe slide with the gage holder initially remained
stationary, and the ball attachment of the gage was installed in the middle of the band and in the middle of the chamfer.
The gage readings were taken and recorded by turning the machine spindle every 10° (fixed in 36 sections, starting

from zero). The gage moved in the axial direction of the part, the ball attachment maintained its position relative to the
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center of the chamfer or band.
The runout of the threaded surface was measured along the thread ledge ribbon. To do this, the gear and the feed
box of the machine were tuned to an inch thread with five threads per inch. After turning on the sliding clasp nut

through spinning the spindle, all backlashes in the kinematics of the machine were selected. At that, the gage was setto 245
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the middle of the ribbon of the first thread in the zero section.
Research Results. Figure 4 shows the results of measuring the radial runout of the outer surfaces of the tubular

parts with various connections in the polar coordinate system.
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Fig. 4. Radial runout of the outer surfaces of threaded pipes: a — buttress; b — CPTT
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To control the taper in the tolerance field, the deviations of the thread heads on five threads from a given profile
(Archimedean spiral) in the radial direction were measured. For the buttress tubular part, a graph was plotted in the
polar coordinate system based on the values of the measured radial runout of the surface of the thread heads (Fig. 5 a).
Here, the radial scale had values from 0 to 2 mm, and the circular scale — from 0 ° to 360 °. Similarly, the radial runout
of the thread apexes on the CPTT tubular parts was investigated (Fig. 5 b).
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The diagram (Fig. 6 a) is based on the results of measuring the radial runout of the chamfers of tubular parts with
buttress thread. The values of the radial runout of the band are reflected in graph 6 b, which shows the circularity
deviation of the seal band. Comparison of the values of the circularity deviation of the band shape obtained by different
methods shows their identity.
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Discussion and Conclusions. The analysis of Figure 4 has shown that pipes with different types of connections are
characterized by significant taper deviations. At the same time, the surface of the pipe with a buttress thread is relatively
smooth. If the diagram visualizes the CPTT thread, then there are sharp outliers of a large number of points. This means
that there is a rough microrelief on the surface of the pipe with significant random surface level differences.

In Figure 5 a, the irregularity of the ascending spiral line with a difference of radius vectors of more than 0.4 mm is
clearly visible. The wave-like change in the ordinate line of the profile is a consequence of the mismatch of the rotation
axis of the tubular parts and the thread axis. This harmonic component can be compensated by special mathematical
processing, which was not planned in this study. The analysis of Figure 5 b shows rather large irregularity of the
ascending line of the thread head. This indicates significant deviations of the surface under consideration from a given
profile (Archimedean spiral) for the CPTT connection.

The analysis of Figure 6 has shown that the deviation from sphericity (difference between the largest and smallest
radii-runout vectors) is about 0.25 mm. The shape errors of the seal band for the CPTT connection were determined by
different methods. According to the measured values of the band diameter (in the plane of the end face), a variation in
size up to 0.25 mm (from the zero section, through 30 °) was detected: 169.35; 169.20; 169.10; 169.15; 169.25; 169.30.
The angular distribution of the diameter counts indicated the oval shape of the band surface in cross section.

Thus, it can be concluded that there are significant deviations on the surfaces of pipes and couplings. We are talking
about the quality of threads, chamfers, bands, which determines the connection reliability. These deviations cause the
appearance of defective products in the batch. Their use does not provide the tightness and reliability of the pipe —
coupling connection, which causes leaks during hydraulic tests. The specified connection quality is provided only by the
method of group interchangeability, which requires preliminary separation of the assembled products into groups and
generates additional costs. It is required to tighten the tolerances for the manufacture of threaded parts of pipes and
couplings, which will allow for the assembly by the method of complete interchangeability. The considered deviations
may occur due to the instability of the technological process of obtaining threads. In particular, the insufficient rigidity

of the technological system and its untimely adjustment affects negatively.
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