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EXPERIMENTAL STUDY OF THERMAL SHOCK OF REINFORCED
CONCRETE PILLARS BY CURRENTS SINGLE-PHASE GROUND FAULT

A. O. Kvitsynskyy,
0. V. Shelimanova,
V. G. Santossky

Abstract. The permissible duration of single-phase earth faults (SEF) in
networks with isolated neutral and grounding currents up to 10 A in post-Soviet
countries is not established. The purpose of the research is to normalize the
permissible duration of the regime of ultrasound, which does not violate the
thermal stability of the supports. The research was carried out by the staff of
the UkrSilEnergoProject Institute. It is shown that the isolated neutral of the 6-
20 kV network with the currents of the SEF to 10 A should not be grounded
through a high-resistance resistor. In networks of 20 kV, capacitive currents
compensation should be used starting from 5 amperes and the limitation of the
lifetime of the SEF for four hours. In order to reduce the number of cases of
ultrasound in the intermediate supports of a 20 kV overhead line, rod
insulators shall be installed, and anchor-pendant on anchors.

Keywords: reinforced concrete pillar, earthing switch’s thermal
shock, the current of single-phase ground fault

UDC 514.18
MAPLE-MODELS OF MOVEMENT OF PARTS ON SURFACE SPHERE

A. V. NESVIDOMIN, candidate of technical sciences, senior lecturer
National University of life and environmental sciences of Ukraine

Abstract. The main results of modeling the motion of a particle on a
rough surface of a sphere in the function of an independent parameter are
given t — time. In contrast to the line surfaces, analytical calculations of the
motion of a particle on non-linear surfaces of rotation of the 2nd order are

© A. V. Nesvidomin, 2017
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more complex. Therefore, only certain mathematical expressions that were
obtained using developed maple models

Keywords: motion of a particle, rough surface, sphere, system of
differential equations, trajectory, velocity

Topicality. Understanding the patterns of motion of a particle on
different surfaces allows us to calculate the parameters of many working
bodies of agricultural machines. The study of trajectory-kinematic
characteristics of the motion of a particle requires the formation of a system of
differential equations of the 2 nd order and its approximate solution, which is a
rather labor-intensive process and practically impossible to implement without
the use of modern packages of symbolic algebras.

Analysis of recent research and publications. In the work [1], the
motion of a particle was investigated on a horizontal rough plane, which
carries out translational displacements in a circle. In contrast to the line
surfaces, analytical calculations of the motion of a particle on non-linear
surfaces of rotation of the 2nd order are more complex. To study the motion of
a particle for such surfaces, it is also advisable to develop maple models of
motion [2, 3].

The purpose of the study is to develop for the environment of the
symbolic algebra Maple a computer model of the motion of a particle on a
rough surface of the sphere, which performs oscillatory displacements in
space, and with the help of computational experiments to find out its trajectory-
kinematic properties.

Materials and methods of research. The research was carried out
using computer technology for the formation of the law of motion and analysis
of trajectory and kinematic characteristics, comparing them with known results.

Research results and their discussion. Let's write the parametric
equation of - coordinate grid of the sphere in the form:

: (1)

where g — sphere radius;
, — independent curvilinear coordinates of the

surface.

Coefficients of the 1-st quadratic shape of the sphere equal to:

: : : (2)

Since the coefficient , so the grid of the sphere (1) is
orthogonal.

The substitution of the sought expressions and of the
particle motion law in the internal u,v — coordinates of the sphere in
equation (1) allows us to obtain the trajectory of the particle on the surface

in the general form:

. (3)
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from where the vector of the tangent ~  of the trajectory and the velocity
of the particle are:

V(e) = k(9| = @ j cos (0" (Su0)) + (£o0))" ©)

The vector of normal N to the surface along the trajectory of the
particle is expressed by:

(6)

The cosine of the angle i between the vector gravity
and the normal vector N of the surface R depends on:

(7)

The equation of the normal , the curvature of the trajectory
, the cosine of the angle ¢ between the vectors of the normal and
, Which are included in the expressions of the centrifugal force . and the
forces of the normal reaction , are cumbersome (see geometry.com.ua), and
therefore are not given here.
The equation of the force of the normal reaction  has a rather compact
appearance:

: (8)

which demonstrates that its value may be negative for , and
therefore it is possible to separate the particle from the surface of the sphere in
its upper part.

For the derivation of the law of motion of a particle on the inner surface
of the sphere in projections on the orth u and v of the OuvN triangle, it is
necessary to have their directions::

: 9)
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(10)

The acceleration vector w of a particle is expressed by:

(11)

On the obtained vectors , and w we find the cosines of the
corresponding angles:

: (12)

: (13)

: - : (14)

: : (15)

Substitution of the found expressions in the system of differential
equations leads to their subsequent form:

The initial conditions for the solution of the resulting system of
differential equations are:
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. (17)

where: «, — the angle between the velocity vector and 1 — coordinate
lines of the sphere R; - initial particle velocity;

- its position at the moment
The law of motion of a particle along a rough interior surface of a sphere
in projections on the T and P axis of the accompanying triangular OTPN is
determined by the system of differential equations of the following form:

(18)

The sought u(tf) and v(t) dependencies of the systems of differential
equations (16) — (18) can be found only approximate. Fig. 1 shows the

trajectories of the particle, the graphs of its velocity V(t) and the forces of
the normal reaction in the sphere of radius ~ different values of the
angle 45, 7 throwing a particle with constant values of its initial
position , on the sphere, initial velocity "~ and coefficient
of friction
3 20—,
i « |\
Jdoa (\ \ \
/ v \ 1sf - \
N ’l \\‘ 5 }_\10...//1\\‘\\_-?.
; A L/ "
\ v \f— J
1 3 e <N '\
N
o o5 1 15 3 2 % 05 1 15 2 2
b) c)

Fig. 1. The trajectorie ~ of the particle, graphs of its velocity and the
forces of the normal reaction for different values of the angle  of its
throw

Since the graph of the normal reaction of the particle thrown at an
angle (perpendicular to the parallels of the sphere up) over the time
interval goes to zero, then at that moment the particle will break off
from the surface of the sphere. All other particles will approach the lower pole
of the sphere under the zigzag-like law — their velocity decreases to zero, and
the magnitude of the normal reaction to the value of . Moreover, all of
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them will not stop at the point of the pole of the sphere, but in its vicinity,
whose radius depends on the value of the coefficient of friction fand the radius
of the sphere a. Of all the particles, the fastest stop is that which is thrown
towards the lower pole of the sphere. Although the arc of the trajectory of a
particle thrown at an angle "~ was in the upper part of the sphere, the
particle from the surface did not tear off due to centrifugal force.
Figure 2 shows the trajectory-kinematic characteristics of the particle,
depending on the coefficient of friction at a given angle
of its throw. The particle with a friction coefficient f= 0.4 will stop at
the first through the interval =2.3 s. Regardless of the initial velocity = and
the coefficient of friction f, the trajectories of all particles thrown at an angle
will not cross the equator of the sphere.

N 2 Val
=) \
SN} ol )
‘t\\\_’/ N N s
}\ ‘n...r, - B f
‘\.‘ — 10 Z2
N M Y -
03 t 13 2 23 0 0.5 1 t 15 2 2
b) c)
Fig. 2. Trajectories of the particle, graphs of its velocity and forces

of the normal reaction, depending on the coefficient of friction f

Let the particles have a different initial velocity m/c, but the
same values and . According to the graphs of the velocities
V(t) and the forces of the normal particle reaction, it can be seen (Fig.

3a) that, regardless of their initial velocity = they begin to converge through
the interval t=2.5 s, although at the beginning of the movement t = 0 there was
a significant difference in their values.

o 30
6 : \_: - 23 '\ .
20 -,
v 4 A FN s /’
g - N/
2 =
™ | )
0 0.3 1 ] 2 2. 0 05 1 15 2 2
b) c)
Fig. 3. Trajectories , graphs of velocity and forces of the normal
reaction depending on the initial velocity
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If the particle is thrown at the same initial velocity ~in different
places on the meridian of the spheres in the direction of the parallels, then
their trajectories converge in the vicinity of a certain point (Fig. 4, a). The
fastest stop is the particle that was the lowest (Fig. 4, b). For this particle on
the sphere, the force of the normal reaction at the beginning of its
movement is greatest due to the greater curvature of the trajectory (Fig. 4, c).

A\
s 14 } *
SN "\~
1 \s RPN S NIPZ s
\. - -

Sﬁ-’
0 05 1 15 2 0 0.3 1 13 2
b) c)

Fig. 4. The trajectories , the graphs of velocity and the forces of the
normal reaction depending on its initial position on the surface of the
sphere

Figure 5 shows the trajectories of motion of the particle on the outer
surface of the sphere of radius , the graphs of velocity , the forces of
the normal reaction , the gravity forces

, the centrifugal force and the
curves depending on the angle , 157, : of the particle with
constant values of its initial position , , initial velocity
and friction coefficient
3 35 = ! / Smb{:‘\
{t‘; : / /.j D NN
.\‘"'\ -1 I 123 ) Y.\ - '
_\\M it _.: .!’ ) ,//, FN 1 \‘ \‘ \‘\\
v K“\w [ 13 ./ ‘/” ? \ \
- ~ pry 1 ;
L \\\"! lu 0.25 0.50 0.75 1 1] 025 050 073 1
t t
a) b) c)
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Fig. 5. The trajectories , the graphs of velocity and the forces of the
normal reaction , its components of gravity , the centrifugal force

and the curvature

Conclusions and perspectives. The particles thrown perpendicular to
the parallels of the sphere upwards after a certain moment of time will break
off from the surface of the sphere, and all other particles will approach the
lower pole of the sphere under the zigzag-based law. Moreover, all of them will
not stop at the point of the pole of the sphere, but in its vicinity, whose radius
depends on the value of the coefficient of friction f and the radius of the sphere
a. Of all the particles, the fastest stop is that which is thrown towards the lower
pole of the sphere.

Regardless of the initial velocity and the coefficient of friction f, the
trajectories of all particles thrown at an angle will not cross the
equator of the sphere. If the particle is thrown at the same initial velocity

~in different places on the meridian of the spheres in the direction of
the parallels, then their trajectories =~ converge in the vicinity of a certain
point. The fastest part will be stopped, which was the lowest.
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MAPLE-MOLENI PYXY YHACTUHKUN MO NOBEPXHI COPEPU
A. B. HecBinomiH

AHomauyisi. HagseOeHO OCHOBHI pe3yribmamu MOOEI08aHHS PyXy
YacmuHKU Mo WopcmKiti nogepxHi cehepu y hyHKUIl He3anexxHo20 napamempa
t — yacy. Ha giOMiHy 8i0 niHiidamux ro8epXoHb, aHanimuy4Hi 8UKnadKu pyxy
YacmuHKU 110 HesiHid4yamux rnogepxHsx obepmaHHs 2-20 rnopsioky € binbuw
CKraOHuUMu. ToMy Haeo0simbCS MIflbKU OKpeMi MamemMamu4dHi eupasu, SKi
6yrniu o0epikaHi 3a OorIomMo2or po3pobrieHux maple-moderneu

Knro4yoei cnoesa: pyx 4YacmuHKU, WOPCMKa MOBEPXHS, cd)epa
cucmema oughepeHuyjianbHUX pPi8HsIHb, MPaeKMopisi, weuodkKicmb

MAPLE-MOOENU OABUXEHUA YACTUL DI MO NOBEPXHOCTU COEPDLI
A. B. HecBupomuH

AHHOmMauus. [lpusedeHbl OCHOBHbIE pe3yribmambsl MOOesupo8aHuUsi
08UXXeHUST Yacmuuybl Mo wepoxoeamou rnogepxHocmu cghepbl 8 yHKUUU
He3asucumoz20 napamempa t — epemeHu. B omnuyue om nuHel4Yambix
rnosepxHocmedl, aHanumu4yeckue 8bIKnadKu OBUXEHUsI 4Yacmuubl 10
HenuHelu4YambIX MOBEPXHOCMSX 8palwieHuUsi 2-20 ropsioka sernsomcesi bonee
CNoXHbIMU. [Toamomy npusodssmcsi MmosibKo omaesibHble MamemMamu4yecKue
8blpaxkeHusi, Komophble bbiniu Mosy4YeHbl C MoMowbko padpabomaHHbIx maple-
moOeneu Sphere t.

Knwo4eeble cnoea: OeuxeHue 4Yacmuubl, Wepoxoeamas
nosepxHocmb, cghepa, cucmema OJOugepeHyuanbHbIX YpasHeHUl,
mpaeKkmopusi, CKOpocmao
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