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UDC 621.3

ELECTRODYNAMIC STABILITY OF
ISOLATORSAND BUS BARS IN A SHORT CIRCUIT

O. Kyrychenko, Candidate of Technical Science
Mykolayiv National Agrarian University

The results of research of the electrodynamic stability in a short
circuit for isolators and bus bars are considered. The tensions in the
material of buses with a rectangular cross-section and isolators loads
are calculated.

Key words: electrodynamic stability, isolator, bus bar, short circuit,
tension, isolator load.

Statement of the problem. At present, the problem of testing
the stability of high-voltage switchgear equipment, especially
isolators and bus bars, becomes critical due to a lack of testing
facilities.

The calculation of bus bars structures on rigid supports is
sufficiently consuming process. Therefore, for simplifying we will
investigate only the middle spans of a long straight section of
the bus line without a line tap with equal distances between the
isolators. The bus bar’s spans examined are in the same conditions,
so it is sufficient to consider only one span.

Analysis of last researches and publications. Some of the
most interesting researches of electrodynamic stability are in the
following published works [1-9] and etc.

The aim of the article is to publish the results of the research of
electrodynamic stability of isolators and bus bars in a short circuit
for switchgear equipment with voltage up to 35 kV.

Statement of the main material.

Isolators (pillars) of the switchgear equipment up to 35 kV
can be considered as absolutely rigid. In this case, the bus in the
span between isolators can be considered as a rod (beam) with a
uniformly distributed mass along the length and substituted ends
(Fig. 1, a).
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Fig. 1. The shame of bus bars in the span between isolators
(beam with supports): a — mass is evenly distributed along the
length; b — mass is concentrated in the middle of the span

It is known that the beam is a system with an infinite number
of degrees of freedom, and that is has an infinite number of own
vibration frequencies. However, fluctuations in the rods are mainly
determined by the first form of own vibrations. Therefore, for
simplify we replace the rod with a distributed mass by the rod
with the concentrated mass in the middle of the span (Fig. 1, b).
This rod has one degree of freedom and only one own frequency. If
to ignore the scattering of energy from bus oscillation the motion
of the system with one degree of freedom will be described by the
following differential equation:

'y
A I o 1
d{ﬂ cut L £ ( )

c

m_— mass of system with one degree of freedom, kg;

y,— deflection of system (beam deflection), m;

c, — rigidity of system (beam rigidity), N/m,

t — time, s;

F_— concentrated force, N.

The solution of this differential equation (1) is the following:

T BT
R A @)

[
F=g=-%rypr1; (3)
i

£

(4)
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q — electrodynamic load, N/m;

E — elastic modulus of bus bar, Pa;

J — moment of inertia of the bus bar relative to the axis that
is perpendicular to the plane of bending, m?

f, — natural frequency of the system with one degree of
freedom, Hz;

f, — first (primary) frequency of bus bar oscillation, Hz;

r,—frequency parameter (with absolutely rigid isolators equal
4,73);

c, = ? — rigidity of the bus bar, N/m.

The frequency, rigidity and mass are associated by
dependency:

QP=(2rf)F =c/m, (5)

Q - the angular frequency of the system oscillation, rad/s.
If bus bars were at rest before a short circuit than the solutions
of the differential equation (1) has the form:

.;-=égf{easanszz_r—e}cse, (6)

O — variable that characterizes the time varying in process
from Oto t.

Substitute the expression (6) the value of force (2) and multiply
the numerator and denominator at Q. Taking into account relation
(5), we obtain:

v=2 105D Ir @sa00- ok, (7)
ac = b
Introduce the notation:
)= £D,3,)= £ 0,0 T, (Blsia ¢ - 0k, (®)

et = &

y, — relative deflection (n=1,2...6), caused by the action of the
individual components Tn of electrodynamic load;

y — full relative deflection of system.

In this way:

)= L2305, 0)- 2 46). ©)
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The principal types of cross-sections for bus bars are shown
in Fig. 2.

= h = K<
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Fig. 2. The principal types of cross-section for bus bars: a — square with a
square hole; b - rectangular; ¢ - circular; d - circular with a circular hole

The forces acting on the same isolators structures with the
same span are equal:

5 n
R)=cvft)= ELI Dy )=S0 (10

The maximal tension in the material of the bus bar occurs at
the point of the bus bar section most remote from its axis:
o(t) = M(t) /W,
M — bending moment, N'm;
W — resistance moment of the cross-section of the bus bar, m*
(shown in Table 1).
The bending moment is defined by the formula:

jf={‘—g‘i.
Iz
Therefore,
z £ N
olt)=— pi) =YDy =L _py.  (11)
2w 12aw M T 12aW

Moments of inertia and resistance of bus bars with a different
type of cross-sections are shown in Table 1.
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Table 1

Moments of inertia and resistance of bus bars
with a different type of cross-section

Type of cross-section Moment of inertia / | Resisting moment 7
4 74 4 14
Square with a square hole ok H—h
12 6H
3 2
Rectangular il L.
12 6
4 3
Circular E Al
64 32
4 g4 4 g4
Circular with a circular hole R(D g ) R(D 2 )
64 32D

As an example, it was calculated maximum tension in the
material of rectangular bus bars 10x0,6 cm (aluminum alloy with
elasticity modulus E = 7-10'° Pa) and isolators loads. Metal bus
bars were placed next to each other by narrow sides, the span’s
length is [ = 1,6 m, the distance between bus bars is a = 0,7 m.
The three-phase short-circuit current is i = 87 kA, time constant
is T, = 0,05 s. The value of a switchgears voltage examined does
not exceed 35 kV.

As a result, the following parameters were calculated: moment
of inertia is J = 18-10% m*, moment of bus bars resistance is
W =6-10° m?® own bus frequency f = 119 Hz. Maximal tension in
bus baris o = 86,6 MPa and isolator load is R = 4500 N.

Maximal tension in bus bar and isolator load are less of
permissible one: o . = 89,2 MPa, R . = 4500 N. Therefore,
selected bus bars satisfy the conditions of electrodynamic stability

Resume

1. The peculiarities of calculating of maximal tension in bus
bars and of isolator load for switchgears equipment with voltages
up to 35 kV are considered.

2. Maximal tension in bus bar is g = 86,6 MPa and isolator
load is R = 3896 N.
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