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IMPROVEMENT OF PIPE FITTINGS — DN50 BALL VALVE TO ENSURE
TIGHTNESS AT PN 40 MPA

KYBbIP APMATYPACBIH KETIJLIAIPY — DN50 INHAPJIBI KPAHBIHIA
PN 40 MITA KE3IHAE TEPMETHUKAJIBIKTbI KAMTAMACBI3 ETY

COBEPIIEHCTBOBAHHUE TPYBOIIPOBOJHOM APMATYPBI —
KPAHA IMTAPOBOI'O DNS50 JUIS1 OBECIIEYEHUA TEPMETUYHOCTH
ITPH PN 40 MITA

Abstract. The article discusses pipeline fittings for flow control at high pressure. The authors proposed replacing
the seat manufacturing material with heat treatment and making changes to improve the design of the body. The
proposed option for upgrading the ball valve body makes it possible to ensure PN 40 MPa and improves tightness,
increases durability and wear resistance. The proposed changes are confirmed by calculations using the ANSYS
program, special attention is paid to calculations for checking the strength of the structure due to complete
deformation of the body under different conditions and separate calculations for the saddle.
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Anoamna. Maxganada dco2apul KbicblMObL A8LIHObI pemmey2e apHaiean Kyovlp apmamypacsl Kapacmulpblidobi.
Asmopnap ep-moKbiMHbIY MAMEPUATLIH  MEPMUSIILIK  OHOEY2e AYbICMbIPYObl JICIHE MYPKbIHbIY KYDbLILIMbIH
orcakcapmy 6otivinuia o32epicmep eneiz3yoi ycwvinaowl. Lllapner kpannviy mypxvicein swcemindipy PN 40MIla-0wi
Kammamacwlz emyee MYMKIHOIK Oepedi dicaHe Mbl2bl30bIKMbl HAKCApmMaovl, Oepikmix neH mo3yada mesiMOLliKmi
apmmuipaosi. Ycvinvinean eo3eepicmep ANSYS  6azo0apramacvinoasvl  ecenmeyiepmen pacmanaovi, apmypii
J1cagoatinapoa MmypKbiHblY MOJbIK 0eOPMAyUsCol APKbLIbl KYPLLIIMHbIY OepIKmicin meKxcepyzae JicaHe ep-moKbimMad
Jiceke ecenmeyiep JCypaizyee epekuie Hazap ayoapuliaobl.

Tyiiin co30ep: Kybvip apmamypacet, wWapivl Kpamowbl HCeminoipy, moi2bl30ay, Hco2apul KblCbLM.

Annomayun. B cmamve paccmampueaemcs mpy6onpogoonas apmamypa O pe2yiupo8anusi NOMoKa npu
8bICOKOM OasieHuu. Asmopamu npeonodceHo 3aMeHa MAamepuand uzo0mosieHus ceold ¢ mepmooopabomrou u
BHeceHUe UBMEHEHUs N0 COBEPUIEHCMBOBAHUI0 KOHCmpYKyuu xopnyca. Ilpeonooicen eapuanm no mooepHusayuu
KOpnyca Kpama wapogozo odem G03MOICHOCMb 011 obecneuenuss PN 40 Mlla u yayuwaem cepmemuynocme,
yeenuyusaem 00J1208€YHOCHb U USHOCOCMOUKOCMb. [IpednodicenHble usmeHeHuss nOOMEePHCOamcs paciemamu ¢
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nomouyvio npoepammul ANSYS, ocoboe enumanue yoensiemes pacuemam npoepKu NPOYHOCU KOHCMPYKYUU 3 cyem
NOAHOU dehopmayuu KOpnyca npu Pa3HbIX YCA08USX U OMOETbHbIM PACYEMAM HA CEOO.
Kntoueswvie cnosa: mpybonposoonas apmamypa, co8epuencmeo8anue wapoo2o KpaH, 2epmMemuyHocb.

Introduction.

In the Republic of Kazakhstan, the main technical task is to develop a highly organized
pipeline transport system for the transportation of various liquid neutral and aggressive
environments such as oil, petroleum products, steam, cold and hot water. The purpose of this
system is to guarantee a high degree of reliability and maximum compliance with environmental
standards and environmental safety requirements (Gabdyssalyk, 2019).

According to its functional purpose, valves are classified into several main groups: shut-off,
regulating, distribution, safety, protective, phase separation. To perform the same functions,
there are various types of valves, among which the main ones are gate valves, ball valves, taps
and dampers. Among the main operational characteristics of the valve, the pressure with which
it must work is highlighted. To meet various technical requirements, several types of pressure
are distinguished which are conditional, working, and trial. Each of these pressures has its own
specific role in ensuring the safety and efficiency of the valve (Gurevich, 1981).

Ball valve are devices that include armature components with movable elements capable of
performing rotational movement around an axis perpendicular to the direction of flow of the
medium. The shape of the movable part determines the following type of crane which are
conical, spherical or cylindrical. They are often used in applications with high pressure and high
temperature, as well as in applications where precise flow control is required.

Figure 1 shows the design of a standard ball valve manufactured at JSC «Ust-Kamenogorsk
Industrial Fittings Plant» (UIFP).

The ball valve we are considering is a ball (spherical) valve, which is widely used in various
branches of mechanical engineering, the oil and gas industry and water supply.

.
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Figure 1. Design of a ball valve manufactured by JSC «Ust-Kamenogorsk Industrial Fittings Plant»
Note — compiled by the authors on the basis of a UIFP drawing (Argymbayev, Gabdysalyk, 2023)
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Literature review.

A literary analysis was carried out and the designs of existing enterprises for the manufacture
of ball valves were considered. In the course of the research, three patents were studied
(Panchekha, Andreev & Burmistrov, 2006; Aghababyan, 2019; Galaganov 2006), each of which
has its advantages and disadvantages. One of the patents developed by Panchekha Y.S.,
Andreev A. P., Burmistrov B.V. improves the design of the saddle, making it composite, which
helps to ensure tightness. However, such an improvement increases the complexity of
manufacturing the saddle and leads to an increase in cost, which is undesirable.

Another patent, proposed by R.E. Aghababyan, is distinguished by the presence of a groove
in each hole of the body, which allows you to securely fix the saddle. However, the
disadvantage of this design is the difficulty of replacing the deformed saddle, after which there
may be a problem with tightness.

The invention proposed by Galaganov V.N. is based on the use of a metal saddle and a
bushing with uneven end surfaces. However, this leads to wear of the ball sphere and leads to an
increase in the cost of the ball valve when using a non-metallic saddle.

In this regard, none of these patents and the solutions used in them are completely suitable
for improving the ball valve without changing the cost.

Materials and methods of research.

Ball valves manufactured by JSC UIFP are divided into threaded, flanged and welded
according to the connection principle. Their ball valves are designed to operate at a hominal
pressure of up to 12.5 MPa and a nominal diameter of 50 mm.

The faucet we are considering is threaded. The connecting threads of this ball valve are HKT
60, HKT 73, NPT 2 u LP 2.

Ball valves are supplied both separately and as part of fountain fittings. Or rather, as part of
the rod-pump fittings (Figure 2) or the equipment of the wedge columns.
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Figure 2. Rod pump fitting
Note — compiled by the authors on the basis of a UIFP drawing (Argymbayev, Gabdyssalyk, 2023)

The rod-pump fittings are designed for sealing the mouth of oil wells, suspension of the
downhole pipeline, control of the flow of the working environment, control over the parameters
of the downhole environments in the pipe and annulus space.

In position 25 of Figure 2, a ball valve is shown in the drawing of the valve of the rod pump
installation.
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Figure 3. Ball valve in the «closed» position
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)

Since the manufacturer came to the conclusion to switch to the market of valves with higher
pressure, it was decided to improve the design of the ball valve to ensure tightness at high
pressures, or rather up to 40 MPa (Argynbayev & Gabdyssalyk, 2022).

It is proposed to replace the saddle manufacturing material and make changes to refine the
design of the ball valve body to improve tightness, increase durability and wear resistance
(Argynbayev & Gabdyssalyk, 2023).

Figure 3 shows a 3D model with modifications and a ball valve in the closed working
position.

The ball inside the ball valve has a hole that corresponds to the diameter of the pipeline. In
the closing position, this hole is aligned perpendicular to the flow of the working environment,
blocking it completely. As a result, the ball valve ensures complete cessation of the flow of the
working environment when closed.

When the ball valve is in the closed position, it ensures tightness and prevents leakage of the
working environment in the system. This is important for the control and safety of the process,
as it prevents unwanted leakage or loss of the working environment in an undefined direction.

With the help of the ANSYS 2023 program, we were able to perform calculations of the ball
valve body in order to assess its strength and reliability under specified operating conditions.
We created a three-dimensional model of the ball valve and determined boundary conditions
such as applied loads, movement restrictions and materials used in the structure.

First of all, we performed a calculation to determine whether the ball valve can withstand the
high pressures that we plan to apply in its work.

To test the strength of the structure, we used several basic parameters: complete deformation
of the body, equivalent stress and safety margin. These parameters help us to assess how well
the ball valve design is able to cope with the specified loads without exceeding the permissible
limits.
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By applying pressure to the ANSYS ball valve model, we obtained information about the
complete deformation of the body (Figure 4). This allowed us to determine how much the
structure will change its shape under the influence of the load. If the total deformation does not
exceed the permissible limits, then the structure is considered suitable for use.
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Figure 4. Calculation of the total deformation of the ball valve body structure
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)

In the process of calculating the complete deformation of the ball valve body structure
around the spindle hole, we found that this area is a weak link in the structure. Possible reasons
may be related to geometry features, the chosen material, or other factors.

Applied loads and pressures can cause significant deformations and stresses in the vicinity of
the spindle hole. This can lead to overloading and deformation of the material in this area,
which can negatively affect the strength and reliability of the structure.

During the calculations, we applied a pressure increasing from 0 to 180 MPa for 3 minutes.
This pressure was gradually increased every second during this time. Our goal was to check
whether the ball valve body is capable of withstanding such a load.

The calculation results showed that the design of the ball valve body successfully coped with
the applied pressure. Deformations and stresses were observed for three minutes, but they
remained within the safe values, and the structure did not exceed the limit values.

This indicates that our ball valve design has sufficient strength and is able to withstand the
high pressures that we want to apply in the future.

To estimate the stresses in the structure, we used an equivalent stress (Figure 5). This is an
indicator that takes into account different types of stresses in the material and brings them to a
single value for comparison with acceptable values. If the equivalent stress remains within safe
values, then the structure is considered durable.
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Figure 5. Calculation of the equivalent stress of the ball valve body structure
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)

When calculating the equivalent stress inside the ball valve body using the ANSYS program
and other engineering tools, we obtained the result that the body can withstand up to 111.7 MPa
of pressure.

This means that the applied pressure inside the ball valve body should not exceed 111.7 MPa
to ensure the safe operation of the structure. If the pressure exceeds this limit, there is a risk of
exceeding the permissible values of the equivalent stress, which can lead to deformation or
damage to the valve body.

The calculation results allow us to evaluate the strength characteristics of the valve body and
verify its ability to withstand specified pressures within safe values of equivalent stress.

The margin of safety (Figure 6) is the ratio between the maximum load that the structure can
withstand and the actual load that we plan to apply. A greater margin of safety means that the
design has greater safety and reliability in working.
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Figure 6. Strength reserve of the structure of the ball crane structure
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)
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Analyzing the results obtained at ANSYS, we determined that our ball valve design meets
the specified parameters. The complete deformation of the body, the equivalent stress and the
margin of safety are within acceptable values, which indicates that the crane is able to withstand
high pressures and operate reliably and safely.

After completing the calculation of the ball valve body, we moved on to the calculation of
the ball valve saddle. The saddle is an important part of the structure, which ensures tightness
and coupling with the ball element.

To calculate the saddle of a ball valve, we also used the ANSYS program and other
engineering tools. The main parameters that we analyzed were contact pressure and saddle
stresses.

We have created a 3D model of the saddle based on drawings and specifications. Then we
applied the loads and pressures that usually occur in the operating conditions of the ball valve.
Calculations were carried out to check whether the saddle is able to withstand these loads
without deformations or damage.

The calculation results allowed us to determine the contact pressure that acts on the saddle
and verify that it is within safe limits for the saddle material. We also evaluated the stresses that
occur in the saddle under load to ensure that they do not exceed the strength limits of the
material.

When calculating the total deformation of the ball valve (Figure 7), we paid attention to the
place of contact of the saddle with the ball and its behavior when applying a load. The results
showed that this contact point is the most prone to deformation.
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Figure 7. Calculation of the total deformation of the ball valve saddle structure
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)

When the ball valve is loaded, the internal pressure causes deformation of the saddle material
in the area of contact with the ball. This is due to the high forces transmitted from the ball to the
saddle during ball valve operation.

After completing the analysis of deformations and deformability of the ball valve saddle, we
moved on to an important stage of calculation which is determining the equivalent stress to
which the saddle is subjected during operation.

The calculation of the equivalent stress (Figure 8) is an integral part of the design, as it
allows you to assess the loads that the saddle material is experiencing and its ability to cope
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with these loads without the risk of damage or deformation. It is important to emphasize that the
correct assessment of the equivalent stress is the basis for ensuring the reliability and durability
of the ball valve design.
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Figure 8. Calculation of the equivalent stress of the ball valve saddle design
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)

When calculating the equivalent stress in the saddle of the ball valve, we found that the
saddle is able to withstand pressures up to 48.487 MPa.

The equivalent stress is a measure of the stress that acts on the saddle material. It is
calculated based on the applied loads and the geometry of the saddle. The results of calculating
the equivalent stress allow us to determine how reliably the saddle copes with the applied loads
and how close it is to the ultimate strength of the material.
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Figure 9. Calculation of the total deformation of the structure
of the heat-treated saddle of the ball valve
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)
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In this case, calculations have shown that the saddle of the ball valve can withstand pressure
up to 48.487 MPa. This means that when applying pressure within this value, the saddle remains
within the safe strength limits of the material.

However, it is important to note that only the specified loads and geometry are taken into
account when calculating the equivalent stress. The actual operating conditions of a ball valve
may include additional factors such as dynamic loads, cyclic loads, vibrations, etc. Therefore, it
is recommended to conduct additional research and testing to verify the reliability of the saddle
in specific operating conditions.

The obtained equivalent stress results are important for the design and selection of saddle
materials, as well as for ensuring safe and reliable operation of the ball valve.

For a more detailed analysis and evaluation of the behavior of the heat-treated saddle
material, in this case caprolon, the computer program ANSYS 2023 was used. Calculations
were performed to determine the reaction of the saddle material at high pressures. Calculations
were carried out for the complete deformation of the saddle (Figure 9), which means that the
degree of deformation of the material under the action of high pressures was analyzed.

The results of calculations for full deformation showed that the saddle does experience
significant deformations at high pressures. This is an important aspect for evaluating the
operability and tightness of the ball valve under extreme loads.

To subsequent assess the safety and reliability of the saddle, calculations (Figure 10) for
equivalent stress were carried out. The equivalent stress is the value of the stress that would
cause the same degree of deformation as was observed as a result of external loads on the
material. In this case, the equivalent saddle stress was 74.3 MPa.

However, it should be noted that the value of the equivalent stress is only an indicator
exclusively for this calculation. At such high stress values, the saddle material may undergo
plastic deformations, which may affect its durability and reliability in the long term.
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Figure 10. Calculation of the equivalent stress of the structure
of the heat-treated saddle of the ball valve
Note — compiled by the authors on the basis of (Argymbayev, Gabdyssalyk, 2023)
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It is important to note that the calculation results and stress values are preliminary and
require additional verification and analysis. In order to decide on further improvements and
optimizations of the saddle design, it is recommended to conduct additional research, such as
physical tests or detailed stress analysis using other modeling methods.

In addition, when calculating the complete deformation of the saddle, where pressure was
applied to the entire surface of the saddle, the results may differ from real conditions, where
stress appears at the point of contact of the saddle with the ball.

In real conditions, when the saddle is in contact with the ball, there is a point or linear
contact between them, and it is in these areas that the highest stresses occur. However, in our
ANSYS 2023 calculation application, it was not possible to determine the exact pressure contact
point between the saddle and the ball. This is due to the limitations of modeling and
simplifications that have been applied in the calculation process. Thus, the results obtained as
part of the calculation for the complete deformation of the saddle are only approximate and
cannot fully reflect the real conditions where stress occurs at the point of true contact between
the saddle and the ball.

Results and their discussion

In the course of research and design, among the various options for improving ball valves,
the direction of modernization of the ball valve saddle was chosen. To improve the tightness in
this link, the following changes were applied which are heat treatment of the saddle material and
boring of the groove under the saddle. These measures made it possible to achieve a tight fit of
the saddle and the sealing ring, and the sealing ring also performed the function of a spring,
providing additional sealing and tightness.

The main result of the modernization is to increase the tightness of ball valves. Before the
modernization, the ball valves had a tightness of 12.5 MPa. However, after the introduction of
upgraded ball valve, their tightness was significantly improved and reached the level of 40 MPa.
This is an important achievement that allows the use of upgraded ball valves in high pressure
conditions and ensures reliability and safety in the operation of pipeline systems.

In conclusion, the modernization of ball valves manufactured by UIFP JSC was successfully
carried out without a slight change in the price indicators of ball valves. It allowed to solve the
problem of insufficient tightness, significantly improved the functional characteristics and
provided increased tightness of ball valves. This is important for the development and
improvement of pipeline fittings, ensuring the safety and reliability of engineering systems.

Thus, consumers can get significant improvements in the tightness and functionality of ball
valves at a relatively small additional cost.
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