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Abstract

This research aims to increase the reliability and safety of pipeline systems by creating an improved model range of
Butterfly Check Valves (BCV). Pipes through which working fluids are transported, parts related to shut-off and control
valves, control measuring instruments, fasteners, anticorrosion elements, and other structural components are the main
elements that make up pipelines. Fittings can be of different types; BCV refers to protective ones. These devices protect
pipelines by disconnecting the working line in the event of a sudden change in the transported fluid parameters (pressure,
flow direction), resulting in the failure of the entire system. Based on an analysis of the key requirements for valves, namely
reliability, tightness of a closed system, ensuring safe operation, and analysis of existing BCVs, the design of the presented
valve was created. Improved overall dimensions and tightness, both in the open and closed states, as opposed to the existing
analogs, are distinctive features of the developed design of butterfly check valves. To confirm the results, the authors, using
the finite element method, calculated the stress—strain state of the structure under normal conditions and with regard to the
maximum temperatures of the working fluid. The reliability indicators of the developed elements were also calculated to
confirm their operability. As a result, it was concluded that after the developed valves have passed acceptance tests, the
research findings will make it possible to increase the reliability and safety of the valve itself and the entire pipeline system
by introducing these structures into enterprises.

Keywords: Butterfly Check Valve; Pipeline Fittings; Pipeline Systems; Finite Element Method; Calculation of Reliability Indicators.

1. Introduction

Nowadays, the scope of the application of pipeline systems is enormous. Pipelines are used in gas and oil production,
chemical and nuclear industries, transport, metallurgy, and housing and communal services [1]. Pipelines transport cold
and hot water, saturated and superheated steam, chemical media, including aggressive ones, liquid metals and molten
salts, gases of various states of aggregation, pulp-like mixtures, etc. [2-4]. Working environments can be under high
pressure up to hundreds of atmospheres and at temperatures from close to absolute zero to thousands of degrees [5, 6].
Fittings include a number of mechanisms mounted in collectors that regulate certain work flows [7]. Depending on the
functional purpose, fittings are divided into different types: check valves, control, shut-off, safety, diverter, shutdown
valves, etc. [8-10]. To ensure the technological operating mode of pipeline systems, the valves must maintain excess
pressure, deep vacuum, or alternation of these parameters [11, 12]. Stable and safe operation of pipelines and pipeline
fittings is crucial for the efficient operation of the entire system [13].

Safety fittings are designed to protect equipment from an emergency excess of any parameter of the working fluid
(pressure, temperature, etc.) by disconnecting the pipeline section. This type includes check valves [14]. Butterfly check
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valves are a type of fitting that allows a working fluid (liquid or gas) to flow in only one direction through a pipeline and
prevents reverse flow. The check valve closes automatically when the direction of the working fluid motion changes to
the opposite. It provides protection against emergency changes in fluid parameters by disconnecting the corresponding
section of the pipeline (complete shutdown of the line) [15].

During valve operation, partial or complete failure is possible, which occurs when one or an entire group of elements
breaks down. If the pipeline fittings completely fail, the risk of emergency situations is very high. Emergency
circumstances in industries where butterfly check valves are used will not only cause harm to personnel and the plant
but also adversely affect the environment [16, 17]. Due regard for the operating conditions of the device and ensuring
the reliability of the structure are two of the most significant tasks when designing safety fittings [18, 19]. These
indicators, in turn, represent the structural ability to maintain tightness and operability throughout its entire service life
[20]. To assess these parameters during production and operation, various methods of product quality control are used,
mainly non-destructive methods and simulation modeling [21-23].

When creating pipeline fittings, numerical and mathematical modeling methods are indispensable [24-26]. They
make it possible to obtain information about the behavior of the valve and its individual parts and to determine the
optimal parameters to satisfy the conditions of strength and tightness at the early stages of design [27, 28]. Mathematical
modeling enables us to obtain information about the system behavior under various types of loading when working with
fluids in different states [29, 30].

To date, various valves have been developed; however, their main disadvantage is low tightness, which negatively
affects the efficiency of regulating the operating parameters of the valve [31]. Thus, this research aims to develop a
durable and reliable design for a butterfly check valve, confirmed by calculations that guarantee trouble-free operation
of systems at hazardous production facilities.

2. Literature Review

As it has already been mentioned, a sufficient number of different designs of butterfly check valves have been
developed, the typical design of which will be discussed in more detail below.

Dirk & Kopp developed a check valve, the main elements of which are a body, whose axes of the inlet and outlet
pipes are located at right angles, seats, and a turntable [32]. The process of mounting the seat and plate, which is carried
out by welding, is a significant disadvantage of this design. This method complicates the repair of the valve because,
during repair, it is necessary to mechanically cut out the seat and install a new one in the same place. The NBS Co. Ltd.
valve consists of a body and a seat with a disk mounted on a movable connection with an axis, dividing the flow part
into inlet and outlet cavities [33]. However, this design is low-tech, difficult to manufacture, and non-repairable. The
main property of the valve—tightness during the reverse flow of the fluid—is also lost.

Dalluge & Davis presented a check valve, the distinctive feature of which is an additional cavity in the body, made
to accommodate a valve with a rotary flap [34]. The body is attached to the cover using a flange connection, sealed with
a gasket. This design solution has large weight and dimension characteristics and low tightness of the internal cavity
relative to the external environment due to the presence of a connector with a gasket connection. In the butterfly check
valve, developed by Nowell et al., the seat is connected to the body by a threaded bushing with a gasket to improve
tightness. Sealing of the valve when blocking the flow is ensured using a plate mounted on an axis located upstream of
its outer surface [35]. The body consists of two parts connected to each other using a threaded connection sealed with a
gasket.

The low reliability of the valve, which occurs due to the presence of detachable connection points between the
component parts of the body and between one of them and the seat, is a significant disadvantage of this solution. This
problem can be solved by using sealing gaskets, but this approach is undesirable for pipelines with harmful and
potentially hazardous media. The butterfly check valve, developed by Norrman (2006), like those discussed above,
consists of a body, a rotary disk, and a seat [36]. It differs in the connection between the locking disc and the piston
hydraulic brake rod using a lever-joint system. The hydraulic brake, whose body is fixed to the valve body, is designed
to ensure smooth movement of the locking disk to close the valve and dampen the impact of the disk on the seat. An
important area of research is also the introduction of new materials and technologies for production [37].

The bulkiness resulting from the lever-hinge system is a disadvantage of the design. The valve presented by
Zimmerman et al. consists of a body, a seat, a shaft, a locking disk, and a hydraulic damper [38]. The latter element is
designed to regulate the opening and closing speeds. The hydraulic damper contains a hydraulic cylinder with a flange,
a cover, and working cavities of variable volume. Working cavities of variable volume are formed in the hydraulic
damper body by dividing partitions and rotating blades; they are filled with damper liquid, united in pairs, and
communicate with each other through a throttle device, which is used to regulate the valve opening and closing speed.

However, the valve does not have high tightness of the working cavities of the hydraulic damper, which reduces the
efficiency and accuracy of regulating the specified operating parameters of the valve.
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3. Material and Methods

Figure 1 shows a flowchart diagram compiled by the authors that clearly demonstrates the sequence of the study
stages.

Reviewing and analyzing the
existing designs

\ 4

Developing an optimal check
valve design

A

Calculating the stress-strain state of valves under
different conditions using finite element method

A 4

Does the calculation confirm
workability?

No

v

Calculating structural
reliability

|

Does the calculation confirm
reliability?

v

Drawing conclusions

A 4

Providing recommendations

Figure 1. Flowchart of the conducted research.

4. Description of the Check Valve Design

A butterfly check valve was designed that can be mounted on systems with diameters of 80, 250, and 300 mm. A
butterfly check valve with a nominal diameter of 300 mm is considered as an example. The design of the butterfly check
valve developed by the authors (Figure 2) consists of the following main parts: sealing cap (1), metal body (2), and
shutter valve (3).

. I

Figure 2. Design of the butterfly check valve with a nominal diameter of DN300: 1 — sealing cap, 2 — body, 3 — shutter valve
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The body of the developed valve model range is a cast and milled part made of corrosion-resistant steel (Figure 3),
which has two openings (inlet and outlet) with nominal diameters of 80, 250, and 300 mm, depending on the model,
compatible with the drift diameters of pipeline systems.

Figure 3. Metal body

The main elements of the BCV are installed in the body. The design of the body is monolithic to ensure the proper
level of strength and provides for its installation on horizontal, inclined, and vertical sections of the pipeline by means
of a welded connection. The sealing cap of the valve is a machined, milled metal part (Figure 4), designed to ensure
valve tightness and protect the structural elements from foreign bodies and external mechanical influences during

transportation and storage.
, > .
> >
[ « »
| & »

Figure 4. Sealing cap

To ensure tight fixation, the sealing cap has a technological groove in which the sealing ring is installed on the body.
There is a technological protrusion on the lower surface of the cap that facilitates assembly by centering it in the
technological hole of the housing. Technological transportation lugs are located on the top of the cap. The check valve
design consists of three main elements: the seat, the disc and the lever. The seat is a machined metal structure (Figure 5)
designed to ensure a tight fit of the disc and prevent reverse flow of the working fluid when the shut-off element is
automatically activated.

Figure 5. Seat
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The disk is a machined metal part (Figure 6) and has a technological recess for installing a fixing element and a
control lever on the contraction.

Figure 6. Disk

Because of the disk design features and the tight fit of its working surface to the seat, the disk provides complete
sealed shutoff of the transported fluid flows and protection of equipment against emergency changes in environmental
parameters by automatically triggering and shutting off the service line. The lever is an L-shaped milled metal part with

holes for mounting the disk (Figure 7). The lever is designed to activate automatic flow shutoff. A lug in the upper part
of the lever is designed to install a remote indicator of the shut-off device position.

Figure 7. Lever

To assemble the structural elements of the valve, a technological hole is provided in the body through which the
sealing cap, seat, disk, and lever are assembled and installed in the working position (Figure 8).

Figure 8. Position of the disc, lever, and seat in the valve body: 1 — sealing cap, 2 — lever, 3 — disk, 4 — seat

The BCV body is designed to ensure unimpeded motion of the working fluid in the operating direction and free
movement of the shut-off element during operation.

The sealing cap is installed on the top hole of the body using 12 bolts. A flanged rubber gasket is used to seal the
valve cavity. The design of the cap also involves the installation of a remote indicator of the shut-off element position;
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a technological hole is provided for this purpose (Figure 9). Such a cap simplifies the replacement of the main structural
parts without removing the valve from the pipeline.

Figure 9. Position of the valve cap and remote indicator of the shut-off element position: 1 — remote indicator of the shut-off
element position, 2 — lugs, 3 — cap

A metal pipe is welded to the upper surface of the cap. The shut-off element target which can move freely is located
inside the pipe. To determine the state in which the valve is (open or closed), additional equipment is used: a remote
indicator of the shut-off element position (Figure 10).

6 2
y 5
J
4
/
Figure 10. Design of the remote indicator of the shut-off element position: 1 — cap, 2 — bushing, 3 — target, 4 — studs for the
remote indicator of the shut-off roller position, 5 — remote indicator of the shut-off element position, 6 — plug

The upper part of the lever has a special hole for installing a pusher. When the valve is open, the push rod raises the
target of the remote indicator of the shut-off element position, which allows its position to be determined. In the closed
position of the valve, the pusher lowers the target of the remote indicator and displays the position of the shut-off element.
The pusher is attached to the lever and target using axes, which are fixed in the holes with cotter pins.

5. Procedure for the Design Analysis

When developing butterfly check valves, methods of computational experiment and mathematical modeling are
indispensable. During the analysis, calculations are made for the strength, rigidity, and stability of the valve under various
operating conditions. These calculations make it possible to determine the permissible limits of stress and strain for safe
valve operation. The stress—strain state of the valve structure is examined in the course of analysis. This allows to
determine the durability and reliability of the valve operation under pre-set loads and operating conditions.

To assess the load on a check valve, it will be necessary to calculate its ultimate strength. For this purpose, the stress—
strain states of each valve element are studied using finite element methods. The ultimate strength is calculated with
regard to the highest constant loads inherent in the normal operation of the product in question. The finite element method
is based on the division of the study area into a finite number of sections — finite elements. Finite elements can have
different shapes and sizes. As a result of this division, a mesh is created. At the boundaries of the finite elements, nodes
are created in which the values of the desired function are determined. Adjacent elements have common nodes.
Additional nodes can also be created inside elements and on their boundaries. The set of all finite elements (FE) and
nodes is the basis of the finite element model of a strained body.

The assessment is based on a specialized software package that splits the mechanism into a number of individual
components. This assessment is characterized by high speed and significant energy efficiency, resulting in the possibility
of identifying the most congested sections and assessing sectors that require detailed study. Optimization of three-
dimensional geometric models of a structure is a process aimed at improving efficiency and optimizing structure
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performance by changing its shape, size, or materials. Various methods and approaches can be used to optimize 3D
geometric models of a structure. Optimizing three-dimensional geometric models of a structure can improve its
performance, efficiency, strength, and other characteristics and reduce the costs of production and use of the structure.

Each multidimensional problem, the solution of which serves as the basis for strain theories, can be expressed as
follows:

(O-ij,j =0in V;
O-ij = Fij(gkl) inVu Z;
1 ,
gij = E(uid- + uj,i) n V; (1)
u; =uf on Xyq; u; =0 on Xyy;
ojjn; =0 on 2,

In this case, g;j, &, are the Cartesian strain and stress affinors; u; are components of the displacement gradient;
Fi; (&) are nonlinear dependencies of affinors that describe the simulation of ductility; u; ; are private compilations; uf
established displacements for increment X,,; of body planes. We will consider surface fragments X,,,as reliably fixed.
Thus, a flat plate in the form of a thin parallelepiped is characterized by the fact that most displacements will be specified
by the value Ox;, and hence:

ué = U(t) = Uyt

us=u§=0

2)

When calculating the ultimate strength of a valve simulation, we developed a static loading design scheme that
represents the superficially applied pressure on the internal cavity of the valve. Calculations were carried out at load
P=20 MPa. While calculating the stress—strain state, the valve model was simplified by excluding minor unloaded and
small elements (roundings, chamfers, etc.) that do not affect the final result of the calculation.

The following assumptions were made during the stress—strain state modeling: the materials are continuous and
homogeneous; the chemical composition and aggregate state of material matter are unchanged during the calculation
process; strains cause no heating processes; there are no extraneous external effects on the base; loads are constant,
applied in one direction, and their values do not depend on time.

To analyze the stress—strain state of the structural elements of the valve, the 08X18H10T material was chosen. When
statically calculating the stress—strain state, we consider the outer surfaces of the valve inlet and outlet to be motionless,
since they are rigidly fixed to the pipeline sections connected thereto, and we limit their motion along the axes of the
Cartesian XYZ coordinate system. Rotation around all coordinate axes is also limited.

At the same time, a quantitative solution was achieved by automated fragmentation of the simulation — a final element
mesh. A static final element calculation was then performed, which resulted in the establishment of stresses in the
simulations and the identification of the maximum loaded components of the designed valve. The results obtained were
necessary for optimizing the finite element mesh in these areas.

Based on the calculations performed with the automatically generated finite element mesh (FEM), this FEM was
optimized within the valve design in the closed and opened state (Figure 11).

S

S ST

b)
Figure 11. Optimized finite element mesh in the DN300 butterfly check valve in the (a) closed state and in the (b) opened state
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6. Results
6.1. Calculation of the Stress—Strain State

After obtaining the optimized finite element mesh, a static finite element calculation of the valve model in the closed
and opened states is performed to obtain more accurate results. The calculation results are the maximum stresses and
strains of the valve structural elements loaded in accordance with the design diagram. Figures 12-17 show graphical
representations of the distribution of equivalent stresses, strains, and displacements in the volumes of the valve structural
element models in closed and opened states.

Unit; MPa

22484 Max
199,86

174,87

149,89

124,91

93,928

74,046

49,964

4,982
9,4681e-7 Min

Figure 12. Distribution of equivalent stresses in the volume of the DN300 butterfly check valve in the closed state

Unit: mm/rmm

0,001422 Max
0,001264
0,001106
0,0004802
0,00075002
0,00061201
0,00047401
0,00031601
0,000158
4,889e-12Min

Figure 13. Distribution of equivalent strains in the volume of the DN300 butterfly check valve in the closed state

Unit; mm

0,16116 Max
014325
012535
010744
0083534
007167
005372
0,035814
0017007

@ Min

Figure 14. Distribution of displacements in the volume of the DN300 butterfly check valve in the closed state
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Unit: MPa

265,53 Max
260

20653

7T

75

1801

8511

53,007

29500
1,6036e-7 Min

Figure 15. Distribution of equivalent stresses in the volume of the DN300 butterfly check valve in the opened state

Units mmyrm

0,0013461 Max
0,0011965
0,0010469
0,00089737
0,00074781
0,00059825
0,00044868
000029912
000014356
8,485de-13 Min

Figure 16. Distribution of equivalent strains in the volume of the DN300 butterfly check valve in the opened state

011523
0 Min

Figure 17. Distribution of displacements in the volume of the DN300 butterfly check valve in the opened state
Comparative Table 1 presents the results of calculating butterfly check valves in all versions in the closed and opened

states in the stress—strain state, namely, the maximum equivalent stresses, strains, and displacements of structural
elements under static loads.
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Table 1. Calculation of the stress—strain state with the optimized FEM

Version DN 80 - DN 80 - DN 250 - DN 250 - DN 300 - DN 300 -
Parameter closed opened closed opened closed opened
Maximum equivalent 160.26 290.96 250.68 264.29 224.84 265.53
stresses 6max, MPa
Maximum strains Amax, %0 0.090 0.200 0.126 0.133 0.142 0.135
Maximum displacements 004 041 013 056 016 104

ﬁmax, MM

6.2. Calculation of the Stress—Strain State Regarding Maximum Operating Temperatures

A static finite element analysis was carried out to determine the stress concentrators in the volumes of the models
and the most loaded structural elements of the valves (DN80, 250 and 300) in the closed and opened states. This

calculation is necessary to identify the most loaded areas of structural elements at a maximum working fluid temperature
of 350°C.

The results of the calculation are the maximum stresses and strains of the valve structural elements (DN80, 250 and
300), loaded in accordance with the design diagram. Figures 18-23 show graphical representations of the distribution of
equivalent stresses, strains, and displacements in the volumes of models of valve structural elements in closed and opened
states.

Unit: MPa

287,48 Max
255,54

3,6

191,65

159,71

12277

95,817

63,385

31,002
0,00027566 Min

Figure 18. Distribution of equivalent stresses in the volume of the DN300 butterfly check valve in the closed state

Unit: mm/mm

00015828 Max
0,0014069
0,001231
00010552
0,00087931
0,00070345
0,00052759
000035173
0,00017587
5,707%e-0 Min

Figure 19. Distribution of equivalent strains in the volume of the DN300 butterfly check valve in the closed state
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Unit; mm

1,8936 Max
16841

14747

1,2652

1,058

089633

063668

042743

021798
0,0085252 Min

Figure 20. Distribution of displacements in the volume of the DN300 butterfly check valve in the closed state

Unit: MPa

312,34 Max
177,63

22,93

208,23

17352

138,82

0411

69,408

3,704
2,1711e-6 Min

Figure 21. Distribution of equivalent strains in the volume of the DN300 butterfly check valve in the opened state

Unit: mm/mm

0,0016657 Max
0,0014506
0,0012956
0,0011105
0,0000254
0,00074032
0,00055524
0,00037016
0,00018508
§,0952e-11 Min

Figure 22. Distribution of equivalent strains in the volume of the DN300 butterfly check valve in the opened state

3212



Civil Engineering Journal Vol. 9, No. 12, December, 2023

Unit; rm

1,904 Max
1,602
14883
1275
1,0847
0,85486
0,64504
043521
022539
001557 Min

Figure 23. Distribution of displacements in the volume of the DN300 butterfly check valve in the opened state
Comparative Table 2 presents the calculation results for butterfly check valves in all versions (DN80, 250 and 300)
in the closed and opened states in the stress—strain state, regarding maximum operating temperatures, namely, maximum
equivalent stresses, strains, and displacements of structural elements under static loads.

Table 2. Calculation of the stress—strain state regarding maximum operating temperatures

Version DN 80 - DN 80 - DN 250 - DN 250 - DN 300 - DN 300 -
Parameter closed opened closed opened closed opened
Maximum equivalent 312.44 260.08 286.71 249.04 287.48 312.34
stresses 6max, MPa
Maximum strains Apax, % 0.24 0.181 0.144 0.141 0.158 0.167
Max'm‘g:af'ﬂaceme”ts 0.89 0.88 183 1.87 1.89 1.90

The values obtained as a result of calculating the stress—strain state, namely, the maximum equivalent stresses, strains,

and displacements of structural elements under static loading, confirm the required level of strength necessary for the
functioning of the developed design.

6.3. Calculation of Reliability Indicators

To assess the reliability of the valves being developed, an approximate calculation is conducted using the structural
method for calculating the reliability of pipeline fittings. As a result of the calculation, some quantitative characteristics
were obtained that describe the mechanism reliability (probability of failure-free operation, number of failures, etc.). In

accordance with the technical requirements, the butterfly check valves being developed must meet the following
reliability and durability requirements:

e The designated service life of the valve must be at least 50 years;
e The designated service life of internal (removable) parts must be at least 15 years;
e The designed durability of the valves is at least 1350 “opening—closing” cycles;
e Maintenance frequency should be at least 30,000 hours of continuous operation or at least once every 5 years;
e The period between major repairs (life between overhauls) is at least 12 years.
The failure rate of each i-th element of the butterfly check valve A}, under load is determined by the Equation 3:

A =kyAg; A3)

where 4, is the average statistical failure rate of an element over the period of operation, determined (given, indicated)

regardless of whether the element is under load or without load; k; is a correction factor that considers the increase in
the failure rate of loaded elements.
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The failure rate of i-th components of A}’ that are not currently loaded can be calculated as
/1'£=kz-/1£=kz-k1-lop “4)

here k, is a correction factor that considers the reduction in the failure rate of each unloaded component.
Therefore, trouble-free operation can be expressed by the ratio:

Pi(t) = e~ @iti*Aity), (5)

here t; is the duration of the component being under load; t;" is the duration of the component being in the unloaded
state.

At the same time, knowing the percentage of failure-free operation of the i-th components of P(t*) over any period
(t*), we can calculate:

P(t) = et* P (6)
Thus, we have designed multi-dimensional simulations of check valve mechanisms that guarantee trouble-free

operation of collectors with diameters of 80, 250, and 300 mm. The formula for calculating a series connection is as
follows:

P =TI} Py (7
The formula for calculating a parallel connection is as follows:

Pe =1-1Ij-1(1 = P. ®)
The formula for assessing the probability of valve failure-free operation is as follows:
P=P1'P2'P3'P4'P5'(1_(1_P6)16)‘(1_(1_P7)'(1_P8))- 9)

Tables 3 and 4 provide data for calculating the reliability of the valve elements in accordance with the developed
structural reliability block diagram.

Table 3. Initial data for the approximate calculation of reliability

Elements and assemblies Known data on the probability of failure- Probability of failure-free operation

free operation over a 10-year period for a required period of 12 years
Body 0.9995 0.99940003
Cap 0.9995 0.99940003
Disk (flap) 0.9991 0.9989201
con(r?:ft}gzg)éf?rrii?gtud) 0.97 0.96410888
Cap-body weld 0.999 0.99880012
Gasket 0.999 0.99880012

Table 3. Initial data for the approximate calculation of reliability

Characteristics Metal-to-metal seal Hinge
Average failure rate for the current component per unit of time, A,; x 107¢ 0.02 0.53
Number of components in the mechanism, n 1 1
Correction factors considering the increase in the failure rate of each loaded component, k; 2 5
Failure rate for components in the loaded state, 2} x 107° 0.04 2.65
Duration of the component stay in the loaded state, ¢, h 52560 3.75
Correction factors considering the failure rate in the unloaded components, k, 0.001 0.001
Failure rate for unloaded components, A; x 107° 0.00004 0.00265
Duration of the component stay in the unloaded state, ¢;, h 52560 105116.3
Percentage of failure-free operation for the considered time interval 0.99789771 0.99971155

As a result of the calculations, we obtained the probability of failure-free operation of the butterfly check valve,
which is equal to 0.99535688; this result corresponds to the technical requirements for the butterfly check valve.
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7. Conclusion

The main findings of the present study are that a butterfly check valve, guaranteeing trouble-free operation, was
designed with diameters of 80, 250, and 300 mm. The design was analyzed, and the features of the developed elements
were described. To confirm the reliability and operability of the developed butterfly check valve design, finite element
analysis and analytical studies were conducted. This confirms the performance of the butterfly check valve design under
operating conditions with ultra-high working fluid parameters. The results of strength calculations for valves (DN 300)
in the closed and opened states are reflected to assess the strength characteristics and confirm their strength reliability.
Comparison with other studies: comparison with other studies confirms that unlike the butterfly check valves discussed
in the literature review, the developed design is not oversized and ensures tightness, both in the opened and closed states.
Implications and explanation of findings: the reliability of butterfly check valves was calculated, on the basis of which
it was concluded that the valves comply with the specified technical requirements. The results obtained are indicative in
nature; however, these indicators make it possible to assess the valve systems under consideration and establish
compliance of the valve reliability with technical requirements. Strengths and limitations: the strength of the developed
model range is its operability at a working fluid temperature of up to 350 °C, which confirms the result of calculating the
stress—strain state under these conditions. The limitation is the nominal diameter of the valves, which ranges from 80 to
300 mm.
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