TEKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE — 2012, Vol. 12, No.3, 155-158

STRUCTURAL SYNTHESIS OF PIPELINE TRANSPORTATION
OF INDUSTRIAL ENTERPRISES

Igor Tararychkin, Gregory Nechayev, Maxim Slobodyanyuk

Volodymyr Dahl East- Ukrainian National University, Lugansk, Ukraine

Summary. In the article the impact of the structure of
pipeline transportation systems on the efficiency of their
operation is examined. It is shown that, depending on the
assumed structure, transport systems can be characterized by
different performance characteristics. It is established that the
structure of the system influences the development of the
aging process and decrease system performance.
Recommendations on the choice of the structure of systems
that can be used at the design stage are given.
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INTRODUCTION

Piping systems of industrial enterprises
provide the ability to process flow of the
technological processes and can be operated over a
long period of time. Maintaining of their efficiency
requires to conduct operations associated with
repairing and maintenance. The need to disable the
linear elements of such systems is accompanied by
a reduction in their operating parameters and
performance characteristics [1-5]. Therefore, the
choice of rational structure of piping systems is
being examined as a pressing problem, which
arises at the stage of making design decisions.

ANALYSIS OF LAST RESEARCHING AND
PUBLICATIONS

The possibility of reducing the efficiency of
pipeline systems as a result of the gradual
development of the aging process should be
assessed at the design stage, and according to the
results of this analysis decisions related to the
choice of a particular structure should be made. A

comparison of alternatives and final choice of
system design is usually carried out based on the
evaluation of metal consumption of the whole
structure. This approach allows us to reduce the
level of financial costs in the manufacture and
installation of piping systems, but the expected
decrease in their efficiency while in service is not
taken into account [6-20].

GOAL OF RESEARCHING

The purpose of this work is a comparative
analysis and the establishment of patterns of
influence of restored pipe systems structures on
effectiveness in operation process.

MATERIALS AND RESULRS OF
RESEARCHING

In general, the problem of structural
synthesis has no unique solution. This means that
the final choice of structure should be based on
comparative analysis of alternative options to
ensure the delivery of the target product.
Considered in this variants of structure may vary
in the level of complexity, consumption of
materials, as well as the expected values of
operational parameters. Let us consider the task of
structural synthesis of the pipeline system
providing the delivery of the target product from
the source of the seven customers, the relative
position of which corresponds to the Technology
section of the data presented in fig. 1. We assume
that all consumers (Al, A2, ... A7) for a specified
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period of time should get the target product in the
same volume. For example, in relation to this
scheme of mutual location of the source and the
seven consumers of the product, as shown in Fig.1
we can form four different variants of structure at
different levels of complexity, which are presented
in table 1.
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Fig. 1. The scheme of the technological area and coordinates
of the consumers of the target product

To evaluate the level of a test structure
should be used such characteristics as the total
number of linear elements (pipes) and the number
of distribution centers for the organization of
traffic flow. Thus, the table. 2 shows the
comparative characteristics of the analyzed
structures, the structures themselves are arranged
in order of increasing level of complexity. It is
seen that the total length of all pipelines is minimal
for the structure labeled ST4, and has a maximum
value for the structure of the ST3.

The effectiveness of the renewable systems
will be evaluated using the index, which is the ratio
of the product volume that the system will deliver
to customers within a specified period of time
under the condition of reliable operation of
elements of valves to the volume that the system is
able to deliver over the same time, on condition of
reliable operation of all structural elements [21].

In order to identify patterns of influence of
renewable system structure on the efficiency of
their functioning in the mode of nominal operation,
it is important to consider the options presented in
the table. 1.

Table 1. Alternative structures of pipeline transportation
systems used in the analysis
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Table 2. Characteristics of the analyzed variants
of structure of transport systems

Characteristics of the analyzed structures
Structure | Number of | Number of
symbol distribution linear Total' lengt h of
the pipeline, m
centers elements
ST1 1 3 108,1
ST2 2 9 80,66
ST3 3 10 111,35
ST4 4 11 99,0

1. Structure with the symbol ST1

8

Performance score: F=P - Pe¢;, where:
i=2

Pi - the coefficient of readiness of the i-th pipeline,

which is the probability that the line is in working

order at any moment, except for scheduled periods

during which its intended use is not provided;

@i - transit potential of the i - th pipeline, which is

a fraction of of the product that passes through a

pipeline across the sample level in case of trouble-

free operation of all structural elements.
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Since in our task all consumers receive per
unit of time equal volumes of the product, then:

8
Fs:i‘z P,
T i

Let’s assume that the coefficients of the
readiness of all pipelines are identical and are

characterized by the value of R. Then: F(P) = p?

2. Structure with a symbol ST2

Performance score for this case:
Fg =P, -{Pp; + B3 + Pyp, + Psps +

+ E5 05 (B + Fsps + Fopg ) -
Transit potentials for the analyzed structures:
0, =03 =@, =05 =0,143; @5 =0,429;
@7 =03 =Py =0,333 Tpon.
Fy=2 Be{Py+ Bt B4 Pt By (B B4 By)

If the coefficients of the readiness are the

same for all pipelines P, =P, =...=PF,=P), then:
3P +4P°
Fs(P)==————.

3. Structure with the symbol ST3

Performance score for this case:
Fg =P -{Pyp,+ Pry@g + Popy +
+ Py, (Psgs + Psos )+ P33 (P9, + Pypg )}
Transit potentials for the analyzed structures:
P4 =Py =g =0,143; @, =3 =0,286;
Ps =P =P7 =93 =05
Then:
Fy =2 DB By Py Py (B4 By )+ B (B4 B,
With the same value of P-availability for all
4P’ + 3P’

linear elements: Fy(P)= 7

4. Structure with the symbol ST4

Performance score for this case:
Fg =P -{Bop0+ By + P10y,
[ Pxpy(Fps + Bsps ) + Poos (B, + Byps )+ By ]}
Transit potentials for the analyzed structures:
P9 =19 =0,143; @, =3 =0,4;
Ps =Ps =P7 =g = 075’ 04 =0.2; ¢;=0,714

Then:
1
Fy =2 BBy + Byt Pyt Py (Pt B )+ Py (P + Py

With the same value of P-availability for all
4P’ + P? + 2P’

5 .

Dependence of performance on the
availability of a pipeline for all the analyzed
variants of structure is shown in fig. 2. It is evident
that a gradual decline in the readiness are the same
associated with the development of the aging
process is accompanied by a decrease in rate and
efficiency of operation. For example, the declines
of the readiness are the same of entry-level to a
value leads to a decrease for the ST1 structure by
about 14%, and for structures ST2, ST3 and ST4 at
17, 18 and 22%.This means that the best
operational characteristics will have restored
system with the structure of ST1, and the worst
system with the structure ST4. Thus, the results of
the analysis suggest that if the coefficients of the
readiness of all pipelines are approximately equal,
the best performance characteristics will have
structures that are characterized by smaller number
of linear elements, as well as distribution centers of
traffic. Note that the structure of ST4, is
characterized by a minimum length of pipe (table
2), is the worst among the analyzed variants of
structure from an operational point of view, as
evidenced by the dependencies presented in figure
2.

linear elements: Fy(P) =

Fa(P)
ST1
9T /
0.8 | /
/%/ ST4
0,6 ‘
/ ST3
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Fig. 2. The dependence of efficiency on the structure of the
restored system and availability of a pipeline P
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CONCLUSIONS

The regularities of the influence of the
structure pipeline systems on the efficiency of their
functioning are set, it allows to conclude that in the
case of approximately the same values of the
coefficients of the readiness of all pipelines, the
best indicators are characterized by a structure with
a smaller number of high-level crossings, and
ensure the delivery to customers of smaller
amounts of the target product at the distribution
sites of higher level.

REFERENCES

1. Alexey Kichkin, Elena Kichkina, Maxim
Slobodyanyuk 2010.: Information maintenance
formalization of Material flows in logistic systems/
TEKA Kom. I Energ. Roln. — OL PEN, 10 D, 148-
152 p.

2. Kuzbozhev A.S. 2008.: Material Science Criteria for
Evaluating the Reliability of the Metal, Methods of
Prediction of the Gas Systems Resource: Autoref. ...
Doctor of Technical Sciences. - Moscow, MGVMI. —
50p.

3. V.O. Solovei Assessment of Gas Pipelines
Performance Subjected to Stress Corrosion Cracking:
Autoref. Candidate of Technical Sciences. -
Moscow, VNIIGAZ, 2010 - 29 p.

4. Development and Implementation of Technologies
for Repairing of Main pipelines under Pressure /
M.V. Becker [and others]. - K.: Kiy, 2008. — 240 p.

5. Tararychkin I. 2011.: Costs Sharing On Control
State Of Pipeline Transport Systems / I. Tararychkin
G. Nechayev, M. Sloboduanyuk // TEKA Kom. Mot.
i Energ. Roln. - OL PAN, 11B, 191 - 196.

6.  The Reliability of Technical Systems and Man-made
risks. Part 1. Reliability of Technical Systems / V.F.
Voskoboev — M.: ID Alliance LLC, 2008. — 200p.

7.  Statistical Methods for Safety Analysis of Complex
Technical Systems: A Tutorial / L.N. Alexander [and
others] ed. V.P. Sokolova. — M.: Logos, 2001. —
232p.

8. Truhanov V.M. 2010.: A new Approach to Ensure
the Reliability of Complex Systems / V.M. Truhanov
- M.: Spectr. - 245 p.

9.  Modern Methods of Ensuring the Safety of Complex
Technical  systems: A  tutorial /  L.N.
Alexandrovskaya, A.P. Afanasiev, A.A. Lisov. — M.:
Logos, 2001. - 208 p.

10. Reliability of Technical Systems: A Handbook / J.K.
Belyaev, [and others] ed. I.A. Ushakova, - M.: Radio
and Communication, 1985. - 608 p.

11. Raikin A.L. 1967.: Elements of Reliability Theory
for the Design of Technical Systems. / A.L. Raikin. —
M.: Sovetskoe Radio. — 265p.

12.  Poluyan L.V. 2009.: Probabilistic Analysis of the
Integrity and Reliability of Piping Systems with
Actively Growing Defects: Autoref. ... Candidate of
Technical Sciences. - UGNTU, Ufa. 18p.

13. Vasin E.S. 2007.: Informational - analytical System
for Monitoring the Technical Condition of main
Pipelines / E.S. Vasin, A.B. Sachkov, V.O. Martynov
// Pipeline (theory and practice). - Ne 3 (9). - p. 95 -
102.

14. Tvakin A.V. 2007.: Ensuring Reliability and Safety
of Pipelines / A.V. Ivakin / / Pipeline (theory and
practice). - N 2 (8). - p. 106 - 111.

15. Stekolnikov Y.I. 2002.: Survivability of Systems /
Y.I. Stekolnikov. - St. Petersburg.: Polytechnika. -
155 p.

16. Taylor D.A. 1975.: Progressive Collapse / / Canadian
Journal of Civil Engineering. - Vol. 2, Ne 4.

17.  Widespan Roof Structures. Compiled by Dickson M.,
Bames M. - Great Britain, 2000. - 330 p.

18. Mansurov O.I. 2007.: The Systems of Increasing the
Stability of the Trunk Pipelines, Bilt in Seismic
Regions / O.I. Mansurov, 1.J. Mansurov / / Pipeline
(theory and practice). Ne 2 (8). - p. 78 - 83.

19. Koff G.L. 2007.: The risk of a Tsunami on the
Example of the Bay Area in Kozmino / G.L. Koff,
AM. Ivanova, 1.V. Chesnokov / / Pipeline (theory
and practice). - Ne 4 (10). - p. 88 -91.

20. Gladkih M.A. 2007.: Management of the Safe
Operation of Commercial Piping Systems of
"Udmurtneft" / M.A. Gladkih / / Industrial and
Environmental Safety. - - Ne 5 (7). - p.64-66.

21. Tararychkin I.A. 2012.: Ensurance of the effective
functioning of industrial pipeline: Monograph. /
Tararychkin I.A., Nechaev, G. - Lugansk publish.
ENU named after Dal. - 264. ISBN 978-966-590-
938-5.

CTPYKTYPHBI CUHTE3 CUCTEM
TPYBOIIPOBOJHOI'O TPAHCIIOPTA
NPOMBIIIJIEHHBIX NPEAITPUATUU

Hzeopv Tapapviukun, I pecopuii Heuaes,
Maxkcum Cnoboosiniox

AHHOTanus. PaccMOTpeHB! BOIPOCH BIHSHHS CTPYKTYPHI
TPYOOIPOBOIHBIX TPAHCIIOPTHBIX CHCTEM Ha 3()(EKTUBHOCTD
nx (QyHKIHoHMpoBaHKs. [loka3aHo, YTO B 3aBHCHMOCTH OT
MIPUHATON  CTPYKTYPHI, TPAHCIIOPTHBIE CHCTEMBI MOTYT
XapaKTepU30BaThCS  Pa3IMUHBIMU  OKCILUTyaTal[IOHHBIMH
MOKa3aTeNsAMH. YCTAHOBJIEHO, 4YTO CTPYKTypa CHUCTEMbI
OKa3bIBaeT BIMSHHWE Ha Pa3BUTHE IPOLECCOB CTAPEHUS U
cHIKeHHe 3(PPEKTUBHOCTH (QYHKIIHOHUPOBAHHUS CUCTEM.

KnroueBpie cinoBa: CHCTEMBI, TPYOOIPOBOJ, TPAHCIOPT,

CTPYKTYpa.



