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Abstract: Subject of research. In the oil industry, parts such as a coupling that have differently directed tapered threads are
widely used. The coaxiality of these threads is an indicator of the quality of workmanship and determines the performance of
threaded joints. Purpose of work. Improving the manufacturing capacity of the coupling and the accuracy of coaxiality of their
differently directed tapered threads. Method. Processing of internal conic smooth and threaded surfaces is carried out in
parallel from one and two ends of the coupling, with one installation and position. Implementation. The technology of
processing the internal surfaces of the coupling with tapered threads on both sides is proposed, various processing schemes are
proposed, a multivariate processing technology is given, the designs of some technological tools and equipment for the
implementation of technological processes are proposed. The main results. Some of the proposed options were tested in
production, in which all the inner surfaces of the coupling and the ends are processed from one end of the coupling,
sequentially, with one installation and position, and gave good results. Practical significance. The machine time for processing
conical smooth and threaded surfaces is reduced by more than 1.5 times, the accuracy of coaxiality of multidirectional conical
threads is increased by about two times. Conclusion. Application of the proposed technologies, designs of elements of
equipment and accessories for their implementation will increase the efficiency and manufacture and operation of parts such as
couplings, including their tapered threaded joints.
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upright position. The masses of the pipe create axial forces in
the pipe and threaded

joints. Deviation of the tapered threads of the coupling
from the coaxiality is the reason for the uneven distribution
of axial force along the threaded connection, as well as
around the circumference (Q;>Q,; Figure 1, b). As a result,
the carrying capacity of threaded joints of pipes and
couplings and their cyclic durability are decreasing [1-4].

Currently, in modern machine tools, including those used
in Azerbaijan (for example, machines of the EMAQ type),
the inner surfaces of the couplings are processed in two of
installations (or in one installation, but in two positions of the
coupling), mainly on special machine tools for are processed
couplings. When machining tapered threads and internal

1. Introduction

In oil production, in the oilfield equipment are widely used
couplings with tapered threads. Couplings are used to
connect elements of various equipment, as well as drill,
tubing and casing pipes [1, 2].

Couplings have connecting, different directional taper
threads from two ends (Figure 1, a). Tapered threaded joints
must ensure tightness and be able to accept high values of
axial forces and torque (Figure 1, b). Over time, drill deep
wells. For this reason, the requirements for the exploitation
performance of threaded joints are continuously increasing.
Couplings and connecting pipes fulfill their purpose in an
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surfaces of couplings in two installations (or two positions of
couplings), deviations from the coaxiality of tapered threads,
processed in different installations are inevitable.

The experience of the formation of various surfaces on
metal-cutting machines show that when processing surfaces
in different installations, the resulting errors in basing give
rise to errors in the relative positions of the machined
surfaces [5-8]. In addition, when processing tapered threads
and surfaces of movement of the cutting tool relative to the
workpiece is realized along two coordinate axes. Thus, the
accuracy of the parameters of tapered threads and surfaces
depends on the accuracy of movement of the tool in two
directions. As you know, the accuracy of the closing
dimension of the dimensional chain (in this case, formed
during processing of sizes) depends on the number of
components [9-13]. Therefore, the reduction in the number of
movements during the formation of surfaces, i.e. reducing the
number of influencing factors on the accuracy of the formed
parameters during processing is one of the effective sources
of increasing the accuracy of processing [14-18].

The aim of the work is to increases the accuracy and
productivity of processing conical surfaces and threads of
couplings, and thereby their operational indicators.
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Figure 1. Coupling design (a) and diagram of its working position (b)

2. Statement of the Problem and
Direction of Its Implementation

To achieve this goal, multivariate technologies have been
developed for processing couplings and both tapered threads
with a single installation of the coupling and for their
implementation means.

Processing the internal smooth surfaces and faces of the
couplings from one installation eliminates the auxiliary time
for the second installation (or position) of the workpiece and
for other components, associated with this, time (for example,
for controlling the machine, etc.), reduces the piece time
processing: Improving the processing efficiency (IPE) is
achieved in a direct way-controlled the technological
relationships. When machining threaded surfaces according
to the proposed schemes, simultancous - parallel surfaces
machining is carried out, the machine time for threading is
almost halved, IPE is achieved in the direct way - by
reducing the piece time for processing, controlled the

technological relationships [12, 19, 20].

As noted above, tapered surfaces and threads are machined on
modern machines when the tool moves along two axes (X and
Y). Analyzing the formation of the accuracy of the parameters
(pitch, taper, half of the profile angle, etc.) of the tapered thread,
it was found that reducing the number of factors leading to
deviations of the tool radial position to zero will significantly
increase the accuracy of thread cutting [19]. In order to achieve
higher thread accuracy and increase the manufacturing
productivity of couplings, parallel processing of tapered surfaces
is used, and cutting of tapered threads and surfaces is carried out
without using a radial feed drive of the machine.

For machining threaded is provided special machine tool.
The feed for machining tapered threads and smooth tapered
surfaces is carried out only along the forming surface. The
longitudinal guide of the machine on a horizontal surface is
not parallel to the axis of the spindle, as is accepted in
practice, but tilted at an angle (y) equal to the angle of
inclination of the tapered thread and surfaces (¢); (y = ).
(Figure 1 and 3) [19]. This eliminates the need for radial
movement of the tool when forming surfaces. In this case,
there is no need to radially move the tool during the
formation of tapered threads and surfaces, and only axial
movement of the tool with an inclination angle equal to (y) is
sufficient for their formation.

When forming tapered threads and surfaces, it is sufficient
to carry out only longitudinal movement of the tool along the
guides of the machine, at an angle of inclination @, relative to
the axis of the spindle. At the same time, the transverse
guides of the machine are fulfilled perpendicular to the axis
of the spindle on a horizontal plane (for machining the face
surfaces of the coupling, etc.). This also simplifies the
process of setting up a technological system for processing,
eliminating the relevance of linking axial and radial
dimensions during setup.
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Figure 2. Diagrams of cutting different directional threads from one
installation.
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There is the possibility of providing higher precision
settings and positioning of the tool when cutting threads on
the coupling. Improving the technology for processing
tapered threads, including other surfaces of parts of the type-
coupling, is carried out in two directions:

a) The accuracy of coaxiality of the tapered threads of the
coupling is increased, the bearing capacity of the
threaded joints of the couplings is increased;

b) Increases the manufacturing performance of couplings,
reduces their technological cost.

We have developed various options for cutting different
directional threaded surfaces (including the processing of the
accompanying surfaces) of the coupling from one installation
(Figure 2).

Improving the processing efficiency of tapered threads and
other smooth surfaces of the part-coupling is achieved in two
directions:

i. processing of all internal surfaces and threads from the

same end

ii. processing of the part from two sides, with two calipers
located on opposite sides of the spindle stock
(headstock) assembly.

3. Advanced Technology for Machining
the Inner Surfaces of Couplings

To process the inner surfaces of the couplings, the

following, approximate processing sequence is proposed:

i. facing, chamfering;

ii. rough boring of internal smooth surfaces along the
contour (sequential or parallel processing);

iii. finish boring of internal smooth surfaces along the
contour (sequential or parallel processing);

iv. facing the second end and chamfering (if necessary);

v. boring of the intermediate groove between the tapered
threads (if its processing is not combined with the
boring of smooth internal surfaces);

vi. sequential or parallel cutting of internal threads.

3.1. One Side Parallel Processing

Parallel processing of different directional coaxial taper
threads on the couplings from one end is carried out
according to scheme 7 (Figure 2). The essence of the
method is that when moving the boring bar along the
forming cone, the tools installed on it enter the work at the
same time and each of them cuts one threaded surface
(Figure 3). A characteristic feature of the processing of
tapered threads on the proposed machine, with two threaded
cutters, is that after setting the appropriate feed rate S => P,
with cutter a cuts thread 4 and cutter b cuts thread B at the
same time [19, 20].

To implement the method, it is necessary to create at each
working pass such a distance between the tools that would
provide the necessary cutting depths for each tool.

Unilateral parallel processing can be implemented on
existing (with y = 0) and special (with y = ¢) machines.

Radial approach and retraction of tools can be carried out

in two ways:

i. simultaneous movement of both tools relative to the
axis of the boring bar;

ii. the radial movement of one of the tools is doubled
(relative to the axis of the boring bar), and the
movement of the second cutter together with the boring
bar is provided from the radial feed drive of the
machine.

a) b)

Figure 3. Thread cutting patterns on a special machine (a) and boring bar
designs for its implementation (b): 1. Cutter holder, 2. Housing, 3 and §.
Cutters, 4. Machine tool holder, 5. Hydraulic system mechanism, 6. Pulling,
7. Protective casing, 9. Elastic clamp-casing.

The latter method is simpler and more efficient. A boring
bar design has been developed (Figure 3, b), which allows
one of the cutting tools to be moved in the radial direction
relative to the boring bar axis [20]. With the help of a
hydraulic (or pneumatic) drive 5, is turn the pulling 6, and
thereby the tool holder 1 is turn by the required angle, which
determines the radial movement of the cutting tool 8 to the
desired cutting depth, due to the eccentricity of the auxiliary
base of pulling. The tool holder position of is being fixed.
Being Implemented second work pass is, etc.

To ensure the effectiveness of the parallel processing
method for different directional tapered threads, the
following conditions must be observed:

i. a condition for ensuring parallel processing. The
distance between the tools in the axial direction L
(Figure 3, b);

ii. condition for the preservation of the thread during
removal of the boring bar. The largest permissible
radial distance between the tools during the removal of
the boring bar is determined from the dimensional ties
formed by the threads, taking into account the elastic
movement of the elements;

iii. the condition for ensuring the required depth of cut,
distance M,

iv. the condition of operability of the design, of the device
is the value of the eccentricity e of the auxiliary base of
the pulling.

When the method of cutting coaxial threads described
above is applied the IPE of the coupling is carried out both
in the direct way - by reducing piece time (being
controlled the technological relationships), and indirectly -
increasing operational performance due to increased
accuracy of coaxialitet for different directional tapered
threads (being controlled the technological and
operational relationships).



38 Rasulov Nariman Mogbil et al.: Advanced Technology for Machining Tapered Threads of Pipe Coupling

3.2. Bilateral Parallel Processing

Parallel processing on two sides of the different directional
tapered threads (and other surfaces) of parts of the coupling-
type is carried out according to scheme 8 (Figure 2).
Couplings have small lengths. Therefore, the processing of
these threads on both sides of the coupling on existing
machines have relatively long spindle units is not possible.
To process the coupling on both sides and thereby IPE, it is
necessary to create machines with shortened spindle units,
which allow for the installation of the workpiece and its
efficient processing. The design of a similar spindle unit has
been developed [21]. The guides of these machines can also
be located at an angle y = ¢ relative to the axis of the spindle,
and also be parallel to it (y = (), on a horizontal plane.

3.3. One-side Sequential Thread Processing

Thread processing is carried out in two versions:

i. First, the first threaded surface is cut, and then the
second (Figure 3: 1, 3, 5, 7);

ii. on each working pass of the tool, both threads are cut
(Figure 3: 2, 4, 6).

Sequential processing of conical surfaces on special
machines (with y = ¢) can be carried out with two tools
according to schemes 5, 6 and 7 and one tool according to
schemes 1, 2, 3, and 4 (Figure 3). In this case, the cutting
depths at the beginning and retraction of the tool at the end of
each working pass can be carried out:

i. with cross feed, from the drive of the cross carriage of

the machine;

ii. with the boring bar, the design of which is equipped
with an eccentric device for supplying and removing the
tool.

The method of threading with one cutter is as follows (for
example, Figure 3: 3): the rotation of the workpiece 2 is
reported, fixed in a three-jaw chuck 1. The threading tool, set
to the required size, receives movement along the guides 7,
and first cuts one thread surface A, completely, and then
rotates together with the boring bar 1 by 180° around its axis,
and without stopping the movement, it cuts another threaded
surface B on the workpiece 3.

i. with transverse feed, from the drive of the transverse

support of the machine;

ii. with a design of a boring bcar equipped with an
eccentric device for supplying and withdrawing a tool.

The method of threading with one cutter is as follows (for
example, Figure 3: 3): is reported rotation of the workpiece 2,
fixed in a three-jaw chuck 1. The threading tool set to the
required size, receives movement along the guides 7, and
first cuts one thread surface A completely and then rotates
together with the boring bar 10 by 180°around its axis and
without stopping the movement, it cuts another threaded
surface B on the workpiece 3.

Cutting on each working pass of the tool, both threads
(Figure 3: 2, 4, 6) are carried out as follows: after cutting the
first thread, during the first pass, the cutter holder 8 turn 180°
around its axis, and continues its movement by cutting the

second threaded surface. The turn of the cutter is carried out
when it is in groove between the threaded of the coupling.
Then, the tool adjusts to the cutting depth for the second
working pass, and in the same way cuts both threads in the
second pass, etc.

4. Production Tests

To test the cutting of different directional tapered threads
of coupling-type parts, sequential processing from one end of
thread machining with two tools was selected, to ensure tool
inlet and outlet radial is, used the radial feed drive of the
machine. The object of research was adopted - Coupling
7PD.001 (material, Steel 45) of a hydraulic packer.

The experiments - the industrial production of the coupling
in the production environment were carried out at the Baku
oilfield engineering plant, on a model 16420DP3PM139
turning and milling machine. The installation of the
workpiece is carried out on the external, machined surfaces,
with axial basing by the face of the workpiece.

The machining of the internal smooth surfaces of the
coupling, including the threaded ones and the faces are
carried out according to the processing route presented in
above.

The processing of different directional smooth and
threaded surfaces was carried out in two variants, based on
the processing of both surfaces at the same and in different
tool passes (Figure 2: 5 and 4).

When processing surfaces, the corresponding modes, used
at the factory were adopted.

The interferences of the threads, the coaxialitet of the
different directional tapered threads and the surface
roughness were monitored and measured.

Sequential threading in one pass (Figure 2: 5). Thread
cutting is carried out by two tools mounted on a boring bar
across 180°.

Threads were cut on 50 samples with one adjustment of
the technological system (TS). The surface roughness of the
cut thread corresponded to the requirements of GOST 633-80
and did not exceed 40 um (Rz <40 pum). The coaxialitet
deviation of the threaded threads in the plane of the end face
of the coupling was up to 24 um. This constitutes
approximately ay part of the entire tolerance provided by
GOST. 3

The range of the interference of cut external (close to the
caliper) tapered threads was 0.1 + 3.6 mm, internal 0.2 + 4.7
mm. According to GOST 633-80, for threading tubing [J 89,
the interferences should be equal to 1 coil of thread, with
permissible deviations of £1 coil of thread, i.e. 0 + 6.35 mm
(pitch, P =3.175 mm).

The accuracy of the external tapered thread was higher
than the accuracy of the internal thread. When cutting both
threads, the same boring head is used. Its rigidity was
approximately the same in both cases. However, when
cutting the external and internal threads, the directions of the
components of the cutting forces P, and P, are opposite [6, 7,
15, 22].
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When cutting two different directional threads from one
workpiece installation from one end of the coupling with two
tools in one pass, the required processing quality is achieved
in general, with increased accuracy in the coaxialitet of the
threads.

Sequential threadings in different passages (Figure 2).
Thread cutting was carried out by a different tools according
to scheme 6. Threads were cut on 35 samples with one
adjustment of the TS.

To compare the cutting processes of different directional
threads of the coupling with the existing cutting processes on
both sides, were checked the interferences and coaxialitet of
the threads on 30 samples (60 tapered threads), cut at the
Azerbaijan Pipe Rolling Plant (during serial production of
couplings for tubing [189, The interferences of tapered
threads varied in the range AH = 0.3-5.42 mm; the deviation
from the coaxialitet of the threads in the face plane was up to
0.82 mm.

Thus, the advantages of cutting processes of
multidirectional threads (as well as machining of internal
surfaces and ends) from one end of the coupling, both from
the point of view of increasing the accuracy of the relative
positions of the threads and the point of view of reducing
piece time, have been identified.

Verification experiments were carried out in laboratory
conditions (in the laboratory of Azerbaijan Technical
University), on the SL-10 machine manufactured by HAAS.
A limited number of (3+3) tapered threads were cut,
simulating the design of the pipe threads of the coupling, and
similar results were obtained.

5. Conclusions

1. Increasing the coaxialitet accuracy of the tapered
threads of the coupling and parallel processing of their
internal surfaces in one installation and position make it
possible to increase the productivity and accuracy of the
manufacture of couplings.

2. For increase the coaxialitet of the different directional
conical threads and the accuracy of the radial
dimensions of the coupling it is proposed they
machining on a special machine. Guides of these
machines are not parallel to the spindle axis, as is
customary. They located obliquely relative to spindle
axis and makes up some angle, with it equal to the angle
of inclination of the forming conical thread.

3. A multivariate technological process has been
developed for cutting different directional tapered
threads in parallel and in one installation, and the design
of the machine and tooling has been proposed and
justified for the implementation of the developed
technologies. Wherein, IPE is achieved both directly
and indirectly.

4. It has been established that when cutting different
directional tapered threads from one workpiece
installation, from one end of the coupling with two tools
in one pass, the required processing quality is ensured

as a whole, and is improved accuracy of coaxialitet in
threads and productivity.
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