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Abstract — An important part of mathematical models of
hydraulic state engineering gridsislocking ratio. Traditionally
it represent a cubic approximation polynomial, which
adequately reproduce locking characteristics of pipelines of
various diameters and materials. Defined simple functions to
determine the factors of the approximation polynomial based
on the diameter. These functions are a convenient tool to
obtain baseline data necessary in mathematical models of
engineering grids.
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I. Introduction

Usually hydraulic state of engineering grid describe the
contour or nodal mathematical models. These models
include the equation of the first and second rules
Kirchhoff and equations of branches [1]. Contour mathe-
matical model has the form

AX =-F
BY =0 (1)
Y=E-Ap

where A, B — incidence and circle matrix; Y, Y -
column vectors of flow environment and pressure drop of

branches; F - column vector of flow environment in
nodes; E — column vector of efforts of branches; Ap —

column vector of pressure loss (includes pressure loss due
to friction, change of speed and inertia pressure).

Linear equations of this contour model (1) comple-
mentary nonlinear locking ratio

Ap=f(X), )

which usually approximated by a equation of cubic
polynomial [2]

Ap(x):y(sl|x|+sz|x|2+s3|x|3)sgn(x), (3)

where sy, S, S3 — factors of approximation polynomial; y —
specific volume environment, sgn - sign function
(characteristic needed to continue in the third quadrant).

Cubic polynomials adequately reproduce locking
characteristics of pipelines. But the values factors of this
polynomial sy, s,, S3 are unknown.

Il. Setting Objectives

Cubic approximation polynomial (3) has a number of
advantages:

o fidelity real locking characteristics;

e reproduction locking characteristics of pipelines for

different materials (steel, plastic, etc.) and performance.

He also has a number of shortcomings:

o coefficients of cubic approximating polynomial

unknown;

o these factors should be determined for each diameter

pipeline for their real locking characteristics.

To remove these shortcomings need to determine the
analytical dependence, which would allow to easily
identify approximating polynomial coefficients depending
on the value of the diameter of the pipeline.

Each pipeline has its own locking characteristics.
Graphic representation of the set of characteristics for
steel pipes of different diameters in a logarithmic scale,
shows that a pattern available (Fig. 1).

Fig. 1. Locking characteristics of steel pipelines

You must express this law and express it in an
analytical form.

[ll. The Solution to these Objectives

As in [2] search approximating polynomial factors for
locking characteristics of steel pipelines perform
weighted least squares method.

By the weighted least squares method [3] criterion for
selecting components sy, S,, S3 parametric vector approxi-
mation function is

2

m
R:Zwﬁ(f(xi)—F(xi,E)) - min, (4)

i1
where f(x) — the real values of the function at the

points Xy, Xz, ..., Xm; F(xi,B) — approximating function
values in appropriate points (approximating cubic polyno-
mial); w; — weights characterizing the relative importance
of each f(x). Accuracy approximation estimated
relative terms — coefficient of variation [4]

k, = gloo %, )
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and maximum relative error

f(x)- F(Xi:B)
f(x)

where D= Ziril(f (x)-F (xi,B))z/m — residual vari-

ance; X =y " f(x )/m — average value.

The results of calculating the factors of the cubic
approximation polynomial locking characteristics of steel
pipes (GOST 10704-63) for different diameters is
provided in Table 1. The polynomial factors (3) inversely
proportional to the size of the diameter — with increasing
diameter factors decreases.

S f = Max 100%, 6)

TABLE 1
FACTORS CUBIC POLYNOMIAL APPROXIMATION OF SET PIPES

Approximating power function is determined in relation
to the internal diameter of the pipelines. Analytical
expression functions to determine factors of the cubic
approximation polynomial (3), is as follows

s, =1.4823 1073 diB3.3127 ,
s, =1.5345 107° di?15'3255 ’ 0
s, =3.3241. 10710 g -7-3553

in ’
where d;, — internal diameter of pipeline.
For all sets pipelines coefficient of variation varies 1.2-
3.5%, maximum relative error — within 3.4-4.7%.

We may be apply functions (7) in general
s=adP, (8)
where a, b — coefficients of function.
Then factors such functions can be summarized in

For all sets pipelines coefficient of variation varies
0.48-1.42 %, maximum relative error — within 2.4-
4.75 %. Moreover error calculation does not depend on
the diameter of the pipeline (Fig. 2).

Fig. 2. Dependence fidelities locking characteristics
of the diameter of the pipeline

This dependence factors on the diameter can be repro-
duced using power function. Power function provides
adequate reproduced all three relationships (Fig. 3).

Fig. 3. The dependence of the approximation polynomial
factors to the diameter of the pipeline

Diameter, Factors cubic polynomial approximation tabular form (Table. 2).
mm S1 Sy S3 TABLE 2
50 129E+01 | 3.27E+01 2 14E-01 ODDS FUNCTION (8)
100 2.19E+00 | L.49E+00 4.48E-03 .
200 248E-01 | 6.24E-02 3.09E-05 The cubic a b
250 T17E-01 | 1.99E-02 3.44E-06 polynomial factors
400 258E-02 | 1.68E-03 1.72E-07 51 1.483E-03 -3.3127
700 4.47E-03 9.91E-05 3.30E-09 Sz 1.535E-05 -5.3255
1000 1.38E-03 1.54E-05 2.42E-10 S3 3.324E-10 —7.3553
1600 3.65E-04 1.22E-06 2.28E-11

The proposed functions are easy to use. They are a
convenient tool to obtain baseline data for nodal or
contouring mathematical models of hydraulic state
engineering grids.

Conclusion

In this paper identified common depending for factors
of cubic approximating polynomial from the diameter of
the pipeline.

Such dependence easily determine all the necessary
parameters of mathematical models of network grid with
purpose analysis and optimization of hydraulic state.

Further development of this research is to disseminate
information on pipelines made of other materials.

References

[1] N. N. Novickij, E. V. Sennova and M. G. Suharev,
“Gid-ravlicheskie cepi. Razvitie teorii i prilozhenija”
[“Hyd-raulic circuits: Development of the theory and
appli-cations™], Novosibirsk: Nauka Publ., 2000.

[2] A. Muzychak and Y. Turkowski, “Aproksymatsiina
forma zamykalnoho spivvidnoshennia” [“Approxi-
mation form of locking ratio”] // In Electric Power
Engineering and Control Systems: Proceeding IV
International Academic Conference of Young
Scientists EPECS-2013, Lviv, pp.10-11, 2013.

[3] G.A.F. Seber, Linear regression analysis, John Wiley
and sons Publ., New York, 1977.

[4] Y.V. Dunyn-Barkovskyi and N.V. Smyrnov,
“Teoryia veroiatnostei i matematycheskaia statystyka
v tekhnyke” [“Probability theory and mathematical
statistics in the technique”], Moscow: State
publishing technical and theoretical literature, 1955,
556 pages.

INTERNATIONAL YOUTH SCIENCE FORUM "LITTERIS ET ARTIBUS”, 26-28 NOVEMBER 2015, LVIV, UKRAINE 161



	ELECTRIC POWER ENGINEERING AND CONTROL SYSTEMS

	Muzychak A., Pasternak R. Definition Factors Cubic Approximating Polynomial for Locking Characteristics of Steel Pipelines



