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Abstract. The quantitative indicators of the dependability characteristics of process equip-
ment, machines and entities include the reliability, maintainability, durability, storability. The
Aim of the research is to develop a methodological framework of experimental determina-
tion of dependability indicators when performing static bending tests of ball valves. The aim
is to be achieved by solving individual scientific problems, namely the development of the
method of static bending testing of ball valves, experimental determination of the destructive
test coefficient, analytical calculation of the coefficients of failure, efficiency preservation and
product quality. A test stand was developed for experimental determination of the destructive
test coefficient. The employed scientific methods of static testing are suggested for the first
time ever. The minimal bending test load is the defining value, therefore the experimental work
requires a large sample. Additionally, for the ball valve with the lowest endured bending load
out of the tested items of the same diameter, it is recommended to use a specially developed
methodology to identify such valve as solid-state monolithic units. The conclusions of the con-
ducted experimental and theoretic research are in compliance with the solved research and
development objectives. By conducting the experimental research, the authors evaluated the
“enhanced” capabilities of ball valves by various manufacturers through comparative analysis
of the conducted static bending tests. It is recommended to consider a solid-state monolithic
unit along with the operation as part of a pipeline made of a certain material. The destruc-
tive test coefficients for the examined ball valves were experimentally determined. Efficiency
preservation coefficients were identified that are the basic coefficients of the dependability
indicator, that, in turn, is one of the primary dependability characteristics of process equip-
ment, machines and entities.
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Introduction

Pipeline valves are used in a number of sectors of the
economy, for instance, in the oil and gas, chemical, metal,
machine-building and energy industries. This paper exam-
ines the matters of improving the dependability of valves
of heat supply, heating, hot and cold water supply systems.
The categories of pipeline valves [1] include isolation,
non-return, pressure-relief, distribution and mixing, control,
separating and shutoff. The main types of pipeline valves
include sliding valves, throttles, tap valves and butterfly
valves. This paper examines the ball valves that fall into
the category of isolation pipeline valves. The manufactur-
ing process of ball valves is to take into consideration the
dependability indicators [2] that will have an effect on
faultless operation of industrial pipelines. For instance, the
Technical Regulations of the Customs Union introduces
the concept of assigned operating life of equipment, upon
reaching which the operation of such equipment shall be
terminated regardless of its condition [3, 4]. However, the
dependability indicators differ from industry to industry and
depend on the standard operation model [2].

Relevance of the research topic

The standard operation model, for which dependability
indicators are developed, is defined by the specified operat-
ing modes of equipment, levels of cooperating factors and
loads for each mode, characteristics of the adopted service
and repair system [2]. Currently, ball valve manufacturers
use various structural materials [5, 6], which, subsequently,
involves varied dependability requirements. For instance,
each ball valve manufacturer may now designate its product
as “reinforced” with no valid reasons, which inconveniences
the consumer who is choosing and ordering a ball valve.
Thus, it is required to develop a method of testing for clas-
sifying valves in terms of the degree of “reinforcement”.
The method may be based on the existing federal GOST
[7], European [8, 9, 10] and Russian industrial [11, 12, 13]
standards. The authors suggest developing an additional
new standard for static strength testing of ball valves, that
would include a classification table (rows) for the purpose of
classifying “reinforced” ball valves as a category of its own.
The rows are to be made depending on the conventional flow
area (nominal dimension) that has no unit of measure and
approximately equals the pipeline’s diameter. Additionally,
the category of “reinforced” ball valves is subdivided into
subcategories depending on the range between the test load
P, and the maximum load allowed during experimental
research (P,),... In other words, it is supposed to distribute
the subcategories of “reinforced” ball valves between P

test

and (Py),,.. as follows: subcategory “R1” corresponds to
load Plex/ + (0'8_1'0)X[(P51)max - Ptes/]’ Subcategory “R2”

corresponds to P, + (0.6-0.8)X[(Py,) ux — P> SUbCategory
“R3” corresponds to P, +(0.4-0.6)X[(Ps,) ux — Presi]» SUbCAt-
egory “R4” corresponds to P, + (0.4-0.2)%[(Pg),ux — Presils

subcategory “R5” corresponds to P, + (0.0-0.2)x[(Py)

test
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max — Pres]- As regards the latter case it must be understood
that value 0.0%[(Py,),,.. — P....] means none other than the lack
of additional reinforcement of a ball valve, and in this case
its manufacturer may not claim it is “reinforced”. The new
standard must also provide basic definitions and take into
consideration the effect of external factors on the condition
of pipelines, their couplings and valves. The implementation
of the new standard is to involve the issue of recommenda-
tions and modifications to other industrial standards in terms

of dependability rates of pipeline valves.

Procedure and conditions of the
research

The authors of the paper have developed an algorithm of
static testing of ball valves and individual pipeline sections
with valves connected to them. A test stand was created, on
which items were tested. A ball valve that complies with the
average experimental values and withstands the minimal
static load is considered by the authors as a solid-state mono-
lithic unit (SSMU). Upward deviations of this load for other
manufacturers’ products are used as correction factors. The
average values of such coefficients are determined and will
be taken as the destructive test coefficient. Out of reference
data additional coefficients are selected that are responsible
for an entity’s dependability. Based on the results of the
conducted experimental research, statistical data of ball
valve testing is processed, destructive testing coefficients
and correction factors (if required) are introduced. The test
and reference coefficients form a pool of data that allows
calculating the efficiency preservation coefficient C,,.

Goals of the research and problem
definition

The Aim of the tests consists in creating a methodologi-
cal framework of destructive testing as part of static testing
of ball valves.

In order to achieve the aim of the research, the following
problems are to be solved: definition of the terminology for
ball valve dependability indicators; analysis of experimental
data based on the results of tests per the authors’ method;
definition of the most important coefficients and corrections
for the standard, recommended as basic efficiency preserva-
tion coefficient C,.

Scientific novelty of the research

As of today, in pipeline valve engineering, there is no
conceptual framework for identifying the efficiency pres-
ervation coefficient C,; based on experimental data. The
method developed by the authors can be extended first to
large-diameter ball valves and throttles, and, should the
result be satisfactory, be recommended as the foundation
for a new dependability standard for pipeline valves. This
standard will define the criteria for “reinforced” ball valves
reduced to rows, as well as set forth experimental coefficients
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that make the efficiency preservation coefficient C,,, such
as the destructive test coefficient C,, etc.

Theoretical part. Dependability of the
object of research

According to GOST [14] the primary criterion of de-
pendability is the efficiency preservation coefficient C, that
characterizes the effect of failures of an entity’s element on
the efficiency of its intended application. At the same time,
standards [2, 14] define C,;as recommended, while for each
specific case it can be complemented or modified, which de-
pends on the process equipment and industry of application.

The dependability of the object of research is primarily
associated with the reliability of its operation. In turn, the
reliability of a ball valve is defined by the concept of'its “re-
inforced” capabilities. A well-known method of destructive
testing as part of supervision hydraulic testing [9] used in
the European Union provides recommendations regarding
the test load on ball valves and the formula:

Ptest: l'SXPSt’ (l)

where 1.5 is the coefficient of overpressure relatively to the
allowable pressure P, at room temperature. Formula (1) is
used for valves designated PN. In case of missing PN data,
corrections are introduced.

For the case of static tests, let us use formula (1), but,
as the research, among other things, aims to identify the
destructive test and correction coefficients, then:

P KTHE x PSz)min’ (2)

test

where C,,; = 1.5 is the coefficient of overpressure relatively
to the allowable pressure at room temperature for an SSMU,
while (Py), ., 1s the average value of the minimal withstood
pressure for a ball valve by a manufacturer (SSMU) submit-
ted to the test.

Experimental part

The authors have developed a test stand for the purpose of
researching the effect of static bending loads on the strength

Fig. 1. General view of the destructive testing stand

ofball valves (Fig. 1, general view; Fig. 2, diagram of valve
testing; Fig. 3, algorithm of the experiment).

Fig. 2. Diagram of valve testing using the test stand
1 — tested valve; 2 — lever, 4 kg; 3 — weights;
4 —load no. 1, 6 kg; 5 — Stand

Start of experiment

v

Ball valve’s coupling is

screwed onto the stand

v

Lever is screwed in the

valve
v
Apply progressively

increasing load to
the lever

!

Ball valve breaks

v
Logging the results

Fig. 3. Algorithm of the experiment.

Similarly, pipelines are tested on the stand.

The algorithms were developed accounting for [12], as
well as individual articles and chapters of [13, 14].

The data obtained in the course of the experiment are
shown in Table 1.

Let us plot the results summarized in Table 1 in a sum-
mary diagram that will also show the static load line.

Using formula (2) we will obtain, given that
(Plesl)min = 205 kg

P

test

Coon XP o) in = 1.5%20.5=30.75kg.  (3)
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Table 1. Resulting experimental data

Manufacturer, load, kg
1 (China, brass with powder . .
additives) 2 (China, brass) 3 (Russia, brass)
1 19.5 28.5 34.5
2 20.5 28.5 30.0
3 21.5 25.0 33.5
Average 20.5 27.33 32.67
Py kg
35
Pex=3075 32679
30
¢ 27.33
25
50 4205
15
10
5
0
1 2 3

Fig. 4. Summary diagram for identifying the loads on “reinforced” ball valves

In Fig. 4, let us plot the static load line P, = 30.75 kg,
according to which we will deduce that ball valves by manu-
facturer 3 (Russia, brass) can be considered “reinforced”
according to the test results.

Visualization of test results

As the result of the experimental activities using the test
stand, ball valves by various manufacturers disintegrated
under different loads. The test results are visualized in
Fig. 5 and 6.

Fig. 5. The results of the conducted dependability tests 1 (China)
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Fig. 6. The results of the conducted dependability tests 3

(Russia)

It should be noted that the ball valves get always ruptured
in practically the same area.

Destructive testing coefficient

Let us identify the destructive test coefficient that will be
used as the primary dependability coefficient:

Co= Py, [Cosny * (Psmins 4
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where C,, is the destructive testing coefficient, while (Py), is
the average value of the withstood pressure for a ball valve
by a manufacturer (i-th manufacturer) submitted to the test.

As the method of static bending tests under development
is not standard, the formula of hydroproof testing can only be
used as a reference. Given the recommendations regarding
the processing of experimental data:

Ptest = (PZES[A Jr PlES[B)/z’ (5)
where P, is the average value of the test bending load of
a ball valve, P, is the average value of the test bending
value of a pipeline.

Thus, generally speaking, a “reinforced” small-diameter
ball valve will be deemed as such if it complies with the
experimental conditions:

P> CSSMU x (Ptest)min' (6)

test

Definition of experimental coefficients

According to formula (4), the authors deduced experi-
mental coefficients and summarized them in Table 2.

Table 2. Coefficients obtained during the experiment
Cdt

1 (China, brass with . .
powder additives) 2 (China, brass) | 3 (Russia, brass)

0.67 0.89 1.06

According to test data, manufacturer (1) has the lowest
dependability coefficient that the authors defined as the
destructive test coefficient.

Dependability coefficient according
to reference data

According to [2], it is required to introduce correction
coefficients for the end product depending on its charac-
teristics:

1. A ball valve is taken as a non-restorable item of a heat
supply system, therefore we adopt the failure coefficient
C,;=0.96 for all ball valves by various manufacturers.

2. The efficiency preservation coefficient depends on
the type of valve. A ball valve for heat supply systems uses
process water, therefore C,, = 0.97.

3. The quality of manufacture and material will be esti-
mated with the product quality factor C, . This coefficient
will be preliminarily taken as C, = 0.99 for manufacturers
(2) and (3) and C,, = 0.97 for manufacturer (1).

Efficiency retention factor according
to the developed methodology

As the result, using the formula developed by the authors,
we will deduce the efficiency preservation coefficient.

Cef: Cdt X Cf x Cep X Cpq’ (7)

We will obtain data for the efficiency preservation coef-
ficient and summarize them in Table 3.

Table 3. Calculated efficiency retention coefficients

Ce f

1 (China, brass with
powder additives)
0.61 0.82 0.98

2 (China, brass) | 3 (Russia, brass)

According to Table 3, all coefficients proved to be be-
low 1. Therefore, the authors have correctly chosen the initial
experimental conditions.

Recommendations regarding further
development of methodological
framework

The authors of the paper stress that the developed
methodological framework requires additional tests and
experimental trials. Thus, the minimal bending test load
(P, ps)min 18 the defining value, therefore the experimental
work requires a large sample. Additionally, in this case the
authors recommend defining the ball valve with the lowest
endured bending load out of the tested items of the same
diameter as the SSMU using the method under development.

Conclusions

1. As the result of experimental research the authors
evaluated the “enhanced” capabilities of ball valves by
various manufacturers through comparative analysis of the
conducted static bending tests of the valves.

2. It is recommended to consider an SSMU along with
the operation as part of a pipeline made of a certain mate-
rial. The pipeline is also recommended to submit to static
load tests.

3. As the result of conducted experimental research, the
ball valve by manufacturer (1) was identified as the SSMU.
Given the SSMU, the minimal test load was identified as
(Ptext)min =205 kg

4. The destructive test coefficients for the examined ball
valves were experimentally determined.

5. Efficiency preservation coefficients were identified,
that, according to [2], are the basic coefficients of the reliabil-
ity indicator, that, in turn, is one of the primary dependability
characteristics of process equipment, machines and entities.
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