lectric

echnology
U.S.S.R.

JIEKTPHYECTEO

Selected papers from
Elektrichestvo Nos.4, 5 and 6,1977

Published by

PERGAMON PRESS o

Published March 1978



ELECTRIC TECHNOLOGY, U.S.S.R.
EDITORIAL BOARD

H. M. BARLOW, London; ¥. W. BOWDEN, San Luis Obispo; F. BRAILSFORP, London; G. S. BROWN,
Cambridge, Mass.; F. M. BRUCE, Glasgow; C. C. CARR, Brooklyn; G. W. CARTER, Leeds; A. G. CONRAD,
New Haven, Conn.; G. F. CORCORAN, College Park, Md.; J. D. CRAGGS, Liverpool: A. L. CULLEN, Sheﬁmic{;
1. J. DOUGHERTY, Palo Alto; G. E. DREIFKE, St Louis; A. R. ECKELS, Vermont; W. FISHWICK‘SwarISf'ﬂ.‘ C.
FROEHLICH, New York; C. G. GARTON, Leatherhead: J. GREIG, London; L. D. HARRIS, Salt Lake ¢1Iy.' I
D. HORGAN, Milwaukee; E. C. JONES, Morgantown; E. C. JORDAN, Urbana; L. H: LOVETT, RrJl!a‘. h!u'sour!:
1. M. MEEK, Liverpool; J. H. MULLIGAN, JNR., New York; J. E. PARTON, Nom.ngharn; H. A. PETERSON,
Madison; A. PORTER, London; J. C. READ, Rughy; W. G. SHEPHERD, Minneapolis; W. P. SMITH, Lawrmce..
Kansas; PHILIP SPORN (Chairman), New York; J. A. STRELZOFF, East Lansing; F. W. TATUM, Dallas, Texas;
C. V. O. TERWILLIGER, Monterey; D. H. TOMPSETT, Stafford; A. TUSTIN, London; S. REIDSWA_RRENT
INR., Philadelphia; A. R. van C. WARRINGTON, Stafford; A. H. WAYNICK, Pa., E. M. WILLIAMS, Pirtsburg;
F. C. WILLIAMS, Manchester; H. I. WOOD, Manchester: C. M. ZIEMAN, Ohio; R. S. GENS, Portland.

Translator/Editor: O. M. Blunn

ELEKTRICHESTVO

Nos. 4_, Sand 6, 1977
Editor-in-Chief: L. G. MAMIKONYANTS

EDITORIAL BOARD

. V. AFANAS’EV, A. L. BERTINOV, 1. A. BUDZKO, V. A. VENIKOV, L. A. GLEBOV, L S.
¥EFREMOV. A. V. IVANOV-SMOLENSKII, P. M. IPATOV, M. V. KOSTENKO, M. P. KOSTENKO,
V. P. LARIONOV, N. S. LIDORENKO, E. A. MEEROVICH, G. F. MUCHNIK, A. V. NETUSHIL, L. L
PETROV (Assistant Editor-in-Chief), S. 1. RABINOVICH, 0. V. SLEZHANOVSKIL, S. A. SOVALOV,
B. M. TAREEV, Yu. G. TOLSTOV, A. M. FEDOSEEV, M. G. CHILIKIN, A. 5. SHATALOV.

Four issues per annum. Approximately 700 pages per annum.
1978 Annual Subscription Rate $144.10 (including postage and insurance)
All subscription enquiries should be addressed to:

The Subscription Fulfillment Manager, Pergamon Press Ltd.
Headington Hill Hall, Oxford OX3 0BW.

i f i i d as sts to: Journals
English versions of papers not published in full may be ur_dered. Pllcase send requests
. Production Department, Pergamon Press Ltd., Headington Hill Hall, Oxford OX3 0BW.

Microform Subscriptions and Back Issues

Back issues of all previously published volumes are available in the regular editions anclA(m microfilm
and microfiche. Current subscriptions are available on microfiche simultancously \.wth the paper
edition and on microfilm on completion of the annual index at the end of the subscription vear.

Copyright © 1978 Pergamon Press Ltd.

No part of this publication may be reproduced, stored in_a retrieval
system or transmitted in any form or by any means: eleclrpnlc‘ electro-
static, magnetic tape, mechanical, phomcupying, recording or other-
wise, without permission in writing from the publishers.

PUBLISHED QUARTERLY BY

PERGAMON PRESS

Maxwell House, Fairview Park, Elmsford,
New York 10523, U.S.A.

Headington Hill Hall,
Oxford OX3 0BW, England.

.

ECONOMICALLY EXPEDIENT PARAMETERS
FOR HIGH-VOLTAGE “DEEP LEAD-IN”
(LINES AND SUBSTATIONS) IN CITIES*+

A. A. GLAZUNOV, YU. L. MRZEL and T. A. KRUGLOVA
(Received 10 June 1976)

SUMMARY — Considers criterial analysis for all-round optimisation of the
parameters by a per unit expenditure model for a network with two rated
voltages. The parameters include substation siting and medium voltage
circuitry. The trend to increasingly greater city power demand is anticipated
in the next 1525 years. A solution is proposed in terms of large 110 kV
substations for radial lead-ins.

CITY growth is characteristic of our time in all countries, including development of the
municipal-domestic economy and all spheres of human activity in cities. Such evolution
of cities, their economy and production in their area is conditioned by considerable
increases in demand for electric energy. In cities in U.S.8.R. and other countries the
power-consumption increment indicators are higher than in many branches of the
national economy; this trend will still continue in the next 15—25 years [1,2 eral.].

The evolution of power consumption in cities is characterised by growth of the
electric loads of all objects of development. As a result, in some Soviet cities the load
density has reached 10 MW/km? and in the long term it can reach 40 MW/km?.

Growth of the loads and consumption in cities requires careful study and
prognosis of the expedient ways in which to develop urban supply systems.

The increasing role of high-voltage lines and substations (H.T. deep lead-in) has to be
regarded as one of the main and characteristic features of present and long-term
development of urban power supplies. This is linked with the economic expediency of
this solution of supply problems with 10—15 MW/km? load density or more in large cities,
and with the need to protect the ecological environment of city-dwellers [B]:

*Elektrichestvo, No. 4,1-5,1977.
1The article is based on research by A. Preis and the authors in the Electric Systems Faculty at
Moscow Power Institute.
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3 L. A. Ryabinin; Bases of the theory and calculation of ships power systems (Osnovy teorii
i rascheta nadezhnosti sudovykh elektroenergeticheskikh sistem), Leningrad, Sudostroenie
(1971).

4. E. V. Shchur; Algorithms for structural-logical analysis and quantitative estimation of power
system reliability (in Russian). Thesis. Avtoref. dis. na soisk. uchen. stepeni k-ta tekhn.
nauk, Minsk, (Byelorusskii PI) (1975).

¥ E. M. Farkhadzade and E. M. Muradalieva; Comparative assessment of the reliability of
power station and substation schemes (in Russian). Za tekhnicheskii progress, No, 3 (1974).

PROCEDURE FOR CALCULATING THE ELECTRODYNAMIC
STABILITY OF SUBSTATION CURRENT CONDUCTORS AT
110 kV OR MORE WITH REGARD TO “GIVE”

OF THE SUPPORTS*

YE. P. KUDRYAVTSEY and A. P. DOLIN
Moscow Energetics Institute

(Received 27 July 1976)

SUMMARY - Considers earlier work on estimating the electrodynamic stability
of line conductors in the presence of increasingly great short circuit current.
Hitherto error has occurred in design projection because of disregarding

the “give” of the supports. It is due to “give” of the insulators and to
deformation of their fastenings and bolt joints and it affects distribution gear

at substations. A graphical method of analysis is proposed for any line

voltage. Example.

INCREASING short-circuit current levels require quite accurate estimates of the
electrodynamic stability of the current conductors. The simplifications common in
design projection often lead however to considerable error. Conductor design for

static load equal to the maximum electrodynamic force is still imperfect. If considerable
“give” of the supports is present, appreciable error arises from having regard to bus
vibration in the presence of a short circuit, but disregarding vibration of the insulators
[1-3]. This problem arises above all in distribution gear at 110 kV or more. The “give”
is due to the “give” of the insulators, to deformation of the structures to which they

are fastened, and to movement of their bolt joints. Analysis of conductor electrodynamic
stability in such distribution gear is made difficult by the lack of methods reducible

to simple graphs.

In this paper a procedure is proposed for analysing the forces acting on the
insulators and the stresses in the busbar material in the presence of a short circuit with

*Elektrichestvo, No. 5, 15-19, 1977.
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regard to elastic oscillation of the system consisting of the busbar and insulators. The 59
graphical calculations are simplified, and we discuss the results of research into how y G 1 e_ﬁifru_ r 4T
bility of busbars and insulators is influenced by individual r " 1; i ly=e  “cosuf
= agr 5.
e sinof; T = cos 2wf; T, = sin 2w/, 3)

the electrodynamic sta
components of electrodynam
connection and by the attenua

component.

the phase of

ic loads, some conductor parameters,
urrent aperiodic

tion time CUHStaﬂt Of the ShUI ~ci i
T attenuati i m of sh
a ion time constants of th iodi € short
€ ap odic co ponen CIT
. 2
1 circuit ¢ cuit

curre :
nt, sec; w — current angular frequency, rad/sec

[4], the bus can be regarded as a continuous beam with uniformly
lengthwise distributed mass upon which a time-varying load acts in the presence of a
short circuit. With equal distance between the insulators the spans of parallel bars are
under the same conditions. It is therefore sufficient to consider one span.

The values of the
constant coefficients D;,, (j =
by the mutual a e .
rrangement of the conductor buses, support orientatim; t)yare d: t:fmmed
, type of short

circuit and the short-circuit
current phase of connecti
found for some types of conductor [1, 6] e

Asin

E ’
ach of the functions (3) can be written in complex form:

Tylfi=ba ™ el g gt @
where by, d,,, 8, and ’
Fmien Yn — constants expressed i
Thus the . in terms of paramete :
loads (2) icsonilUCfﬂr electroqynamm—stability estimation problem fo:rrs:l)'f e
. reducible to addition of solutions of eqns (1) with ri 49 1te_complex
nd (4) [7]. with right-hand sides of the

The fi i i i
e full solution of differential equation (1) with right-hand side (4) will be thi
e the

fits par ticular solu q
yix,
sum o ( )0 tion (X l)arld the total SOll.ltl.On of eqn (1) without the

FIG. 1

The oscillations of the bus in its principal planes of inertia » and 7 (Fig. 1) are

described by the differential equations I5ls
oy  El; 8y _ @i g H=y(x O+ y(x ¢
g 2 2N T =1, 2). 1) + y(x, 1) )

h icular f 1 ( ) l'lgh ( )
We all oo or the particu solution of eqns (1) with t-hand side (4 n

the form

where ¢ — time, sec; yj — bus flexure, m;m — IUNNing mass of the bus, kg/m;

Ely— bending stiffnesses, H.m?;q; — electrodynamic loads per unit of bus length,
H/m. The value j = 1 corresponds to bus oscillation in the plane of inertia #, and

j =2 corresponds to oscillation in the 7 plane. In any arrangement of mutually parallel
phases and any bus-support orientation in relation to the planes v and 7 in the presence
of a short circuit, loads arise which are uniformly distributed over the length of the bus

and are equal to:

-4 2
H{X; t)=2 }_/3 (x) olf— (—H¥ir) ¢t
: (6)

s=1

We omit t bscr p §:4 pal p. e of iner tia
0
lle su ipts l]ldlcatlll the llll[llbel of the princt al plan
and the number of ﬂle load CO[IlpUIlent (3) in formula (6) and thI()ughout. By settin
ng

( ) n (]) a
5 ry lin
6) i we arrive at the ordinary | ear dif felelltlal equatlo!l with constant COthClentS

6
G= 1Y) DTa 0 @
n=1
s -
Gt g B— = DY,.=U, &5

parameter characterizing the distances between buses, m;

shstea="12107, HIA" w—
e short circuit current, A;

I — amplitude of the periodic component of thi
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“hand side are also

utions of eqn (7) with the right
_hand side can be

_ constants. Particular sol
f eqns (7) without the right

where Us
constants. Arbitrary constant solutions ©
found from the boundary conditions: forx = 12

F_; (8a)
4 0 (8b)

%y —-
2Ej-a?,——ﬂs y-_MW'__ y
ss, H/m; M — support referred mass,

s lie in one of the principal planes of inertia of
presence of oscillation in this
e mass of the support. If the
o found e.g. by the formula

where | — bus span length, m; ¢s — support stiffne

kg. Usually the axes of the insulato
the busbars. In Fig. 1 this plane is the plane v. In the
plane the referred mass M can be assumed equal to th
oscillations oceur in the plane 7, the referred mass can b

©)

where £ — support angular frequency of natural oscillation, rad/sec.
turns, and condition (8b)

nce of bus-support section
bus to the insulator. In

Condition (8a) requires abse

for equilibrium of the unit for fastening the
e addend ZEJ33)7Iax3 is the sum of the transverse forces in the bus to
the left and right of the support cross-section; the addend cyy is the bus-insulator force
of interaction proportional to the insulator-head displacement, the addend

Ma*y[dt* has regard to the inertia of the mass of the support.

is a precondition
this condition th

neous equation which, like solution (6),

The total solutionjr-_(x, f) of a homoge
eigen functions I5]:

satisfies boundary conditions (8), is obtained as a series in the

» X, (26) (L sin Q,f N cos Q.t).

k=1,3,5, --

T H=

It can be shown that the eigen functions X are equal to

rpXx X

Chr‘-— cos—
Xt —;
L A

parameters of the oscillation natural frequencies 0

where ry —
the transcendental equation

system, given by

(10)

f the elastic “hus-insulator”
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cg 1P _"“i ’
( ar ) (et 3ol T )= 12)

EJr’k

The roots of eqn (12) we
re calculated by digital
a result for the parameter r, are given in Fig. ;’ SRS

7
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The angular frequencies of the natural oscillation £2¢ (rad/sec) are
TOE .
k 'ﬂfk It m° (13)

Here fi — i
fi — natural frequencies of bus oscillation on flexible supports cfs

Th
e constants Ly and Ny are found from the initial conditions:

gl =ty Bl
= B (4)

fooeiaatd . .
- E; aittaical i?al'yms it is sufficient to require the initial conditions (14) to b
o v lzf :cct}_r in s.ome of the bus cross-sections. Thus, for instance, if the ’
. ions is p, then conditio i ’ i |
ST 4 ns (14) give a set of 2p linear algebraic

The foregoi
P f?:(;g fzrmulae enable bus and insulator flexures to be determined
et i multwa!ual components of the electrodynamic load, or to the loac; 2)
; ual arrangement and orientati ;
e : ion of the bu i
alysis is suitable to a wide class of current conductors REDISRRNEES

he loads on the tors in Ne
T insula Newtons d the

an maximum ilexmal stresses 1n the
bus sections in P aSCa]S are given by the fo![[lu]ae
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R (§)=c, y U2, B ol f):%f-ﬂ’y_a%-‘l, (15)

t of resistance in bending, m?>. The solutions (15);

n momen
ible to the form

where W —bus cross-sectio
(5), (6) and (10), are reduc

when considered with (2),

e ol g2 o al2 g2
R“—Tlmsu)r G—W’Imi(x’ t)) (16)
where R and 0 — relative loads on the insulators and the relative stresses in the bus
* *
material.
We will now turn to the case where the bus is under the electrodynamic load (2)-
The loading on the insulator in the principal plane of inertia with number  is in this
complex; we denote it as Rjs (1). We put oz (%, t) for the maximum stress in the bus
insulator when only one of the components of

material. The relative force acting on the insu

the electrodynamic loa
is denoted by Rjn- For t
*

incipal plane of inertia j,

¢ i acts only in one pr
the notation

ds (2) with numbe
th this loading we use

he relative stresses wi

g
Given Rjn and oy, the overall loads Rjx on the insulator and the stresses 0g
* *

are given by the formulae

- : ey
R,'z H=— Im‘S;& (t); o (X ) =Tow Imc‘s“; (X, & (17)
where the relative loads R jx are
*
(18)

[
Ri\‘r:‘z Djnfiir:(t)!

the material of busbars of circular cross-section, as used

whilst the relative stresses O In
*
defined as follows:

in distribution gear at 110 kV or more, aré

21: (JC, t) ::]/2 \
=1

PRI
5 3
S\ Dy t)]. (19

n=1

Especially important are the maximum absolute values of the functions
them as dynamic coefficients:

Rjs and 0. Just as in [1],we will refer to
* *
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maxl@jz(t)izqm; max | ¢, (x, §)|=n,.
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The abov :
T oz E:ﬁ‘;i:::ngfwd 1by' Minsk-32 digital computer to calculate the
vy e relative stresses in different cross-secti
varied in th n the BAe plane (see Fig. 4). The parameters of th e e

e following range in the computation: e conductors were

0<M/mlI <7,25 <c,l’[EJ<50000,0,05 <
T,<02sec, 1 <f; <500c¢/s,0< ¢ <2mrad

Two- and three
-phase short circui :
B i rcuits were considered. Six terms of the series (10)
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By way of example, Fig. 3 shows the relative loads R, (¢) on the insulator 65
n=12.... 6) from the solution of eqn (1) for: Fr=ql;
daula b (21a)
Ml = 10; ¢y [EJ = 1500, Ty = 0,05 sec and fy, = 65 cls. e e erp @1b)
I~
(21c)

For the values of the parameters taken here, the plots in Fig. 3 can be regarded as
ratings. They can be used with given constants Dj, to find the loads on supports for
conductors of different configuration. The lower curve in Fig. 3 indicates the insulator
loads in the presence of a two-phase short circuit. In this case the non-zero load
parameters were assumed in accordance with (1) to be:

where ¢; y, = 384 EJ/I®

: — referred stiffness of th

of the system iti i b

piigng &;;;.aggrzdlttlon (2f1 b) requires equality of bus-ﬂexﬁrre artetflzri?i ;Tequency
A ent y; of the scheme i -point of

Condit ; . under static loads of :
ition (21c) requires equality of the fundamental naturalsffeqtl[::nian}e m;lgnltude,

y f1 of the

conductor OSCﬂ]HtEOH to the natural hequelle T of the € These two nditions
2 @ 3

f scheme. cond
Slllg]ﬁ-iallJ.Edly fix on” the Vaiue of the referred mass because

These load parameters (2) correspond to the angle ¥ = 0.57 at which the my=cr/(2nfy).
electrodynamic load becomes maximum [subscript j of the R, (£) functions and
constants Dy, is omitted because oscillation in the same prin’éipal plane of inertia is
considered in the example] . The maximum insulator load is here reached in 0.031 sec
from onset of the short circuit.

Ih.e general solution of eqn (20) 18 given, for examp]e, mn 5] . In use of the

scheme with one de =

gree of freedom lhe in

k l 0

: sulator load and the bus support section stresses

By varying the parameters M|ml and cdd® [EJ, and also ¢, Ta and f1, 2 study can be R(H)=csys(t);

made of how they influence the maximum loads on the insulator and the stresses in the M. ]
material of the busbars. Figure 4 treats the case where o(t) = W = lI2:V yu (D), (22)
M[ml= 0y¢sl? |ET =10 000; T, = 0,05 sec and ¢ = 0,57. where M — bending moment.
In this diagram the dynamic coefficients of the insulator load and busbar stresses in the The maximum loads Ry, and stresses
presence of a two-phase short circuit are related to the fundamental natural frequency Omax can be written so:
of oscillation of the bus-insulator system. R al
= =]y e al?
e =7 I s = 7 I (23)

Calculations showed that over a wide range of parameter values analysis of a busbar
as a beam with distributed mass is closely similar to bus analysis on the basis of a simpler
model with one degree of freedom.

where n — dynamic coefficient.

For a fully defined electrodynami
e o ic load the dynamic coeffici i i
e c;lc izfq;x:zc;}; ,:I”,t tcl)f the scheme. For the selected typeec:lft :o::d:i:;l: [:O: .
iy This,impaﬂs : e.same plot can be used for any support stiffness and
e onsiderable universality to calculations by formul ;

sed to find the values of frequency f; necessary for 1:eua?1212ygsz;

Consider now a flexible system with one degree of freedom. Its motion in one of
the principal planes of inertia is described by the equation:

d?y
mr&_r;_‘{"'cryr:FI, (20)

One of the solution
s of eqn (20) for the initi
| Pl ‘ : e initial conditions (14) wi
s eelzc(tfd}n alccordance with (21) was compared with(the)l: A r_efe""d
bl c;l Otai))lnendl'j‘lg. 4. The results of the comparison can be rega(;fﬂeeeliJ Tsmse
ivergence only occurs at low natural-oscillation frequencies f;
ncies fi.

Some im

provement can be obtained i

i in the agre

a correction o - greement between the cu i
to condition (21a), i.e. by variation of the referred load Ve RS

where My, Y1, Cr and F are the referred mass, flexure, stiffness and electrodynamic force
respectively. The solutions of eqns (1) and (20) are closely similar if the referred
parameters of the scheme with one degree of freedom are determined from the following
conditions: ‘
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Figure 5 plots the dynamic—coefﬁcient curves 7 = f(f1) in the presence ofa
three-phase short circuit for parallel busbars laid in the same plane and time
constants T, equal to 0.05,0.1 and 0.2 sec. The n-plots in this diagram are the
envelopes of the dynamic coefficient curves for the middle bus and the extreme buses.

The research enables the following conclusions to be drawn.

With increasing “give” of the conductor supports and increasing mass of the
insulators the natural oscillation frequencies of the bus-insulator system decrease and
then the resonance regions are shifted and deformed. By varying the stiffness of the
supports, one can thus influence the oscillation regime and “de-tune” the conductors
from resonance.

The regions of conductor parameters in which greater vibration is possible in
operation as well as during short circuits are best avoided owing to the reduction of
electrodynamic stability in these regions and the greater vibro-noise activity of the
conductors. This justifies use of eqns (1) and (20) which disregard energy dissipation in
oscillation. Regard for dissipative forces has a notable effect on the results only in the
resonance regions.

The resonance regions corresponding to higher forms of natural oscillation are
narrow and so de-tuming from resonance is facilitated here. At natural frequencies of
the bus-insulator system above 25 ¢/s the values of Rjz and oy practically coincide

* *

over the whole of the investigated range of the ¢gI® /EJ and M/ml parameters at the
same natural frequencies. Appreciable differences only obtain at low fi frequencies.

At frequency greater than 200—300 ¢/s the maximum stresses in the busbars and
the insulator loads are approximately equal to those stresses and loads which occur
when the maximum electrodynamic forces are the static load of the busbars.
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If the i ivi Y
e insulators possess relativel gl’eat stiffness (Csl ,’E‘J> 15 000 to 30 ”00)
» i) >

which is usually the case in distri

e in distribution

—— - gear at voltages up to 35 kV i

: made without regard to the give” of the supports b fh e i
3. ports by the method presented e.g.

If the busbars are g
arranged in the same pl .
and stresses in th ; e plane, the maximum loads i
sl Oscﬂlatioe ?us maten:lal are greater on the middle phase when theo:;l ﬂ:’- e
- . 1 Irequency is more than 50 ¢/s, but great onductor
s frequency is below 50 cfs. ’ er on the extreme phase when

At conductor nat illati quencies close to 50 ¢fs the dynamic coefficien

ural oscillation fre i

_ . e ies cl 50 he d i ff

Increase rapidly with increase of the time constant T t . i e
a-

In all the cal i
culations performed for the make phase in which the electrod
ynamic

loads reach thej
eir great; ;
- Thgd ‘est. value, the insulator loads and busbar stresses h

- Ihe deviations were no more than 10 per cent reach values close

Example. 1t is requi

quired to find the maximum i

. i

for an experimental conductor design with stiff 110 rlzs\l’j[]aot::)c; 1[(;‘;‘13 s

Initial data. Busb
3 ars of annular cross i
et 0 lEry -section are arranged in th :
elasticity £ = CI‘!?‘ 30 mm, inside diameter d = 20 mm:- bus 'e e
y £=7-10* N/mm?; running mass of bus m S

distance between axes of adjacent I, = 1.06 kg/m; span length I = 7.65 m;

s /
upport stiffness ¢ 1f960 N/mm (mcludmg lﬂsulatﬁf, bolts and bﬂse), support

o =58.9 cfs. Acti

eriod _ . Acting value of th -

. 1c component J, = 7.5 kA; attenuation time constant ; short-circuit current
a

current aperiodic component is 0.095 sec of the short-circuit
Solution. In accord 3
3 anc ;
insulator: ¢ with expression (9), find the referred mass of the
e _ 1960100
(2nf5 )2 (21;.53,9)2=14,33kg. (A1)

The moment of inerti
of inertia and m

2 oment of resi

of ; istance of th :
circular section are calculated by the formulae: of the cross-section of a bus

f:l D e A G
64( d)—'ﬁ(d"_ﬁ-t) 10-=3,19.10-¢ pt:

W= oo |
35 (D° —d*) =25 (37— 2%) 10¢ = 1,86-10-¢ 2, (A72)
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And the parameters of the bus-insulator system:

M_ 48 o
= T,E 7
s 1960-10%7,65°

Csg [ s
FT = 7-100.3,19-10-° = 392962,6.

(A/3)

stion find the

M/ml and cgI* [EJ values in que
al oscillation

Using the curves in (Fig. 2) for the
formula (13) calculate the natur

frequency parameter sy = 4.73. Then by
frequency of the bus-insulator system:

(A/4)

T~
4,73 7710.3,19-10-°

S e S S
h= 57 o5 ‘/ % —2,79¢c/s.

dure based on solving the oscillation

We now avail ourselves of the simplified proce
edom.

problem of a system with one degree of fre

d attenuation time constant

ated natural oscillation frequency an
m the

For the calcul
phase short circuit is found fro

T, = 0,095, the dynamic coefficient of a three-
curves in Fig. 5 toben= i

¢ stress are calculated by formulae (23):
(Al5)

The maximum insulator load and busba

9.1 -1.76 —
___(L_]l'_s_ VZ.7,5:. 102 1= 172,1 N;

'
Rmax

9.10-7.7,65° >
e -
0 max = T0.T.1,86.10°° (V'T.7,5-100) 1 =59-10° Pa —59 MPa. (A/6)

stigated 8], the

which has been experimentally inve
the bus material

d maximum stress in
perimentally obtained maximum
At the same time

For a two-phase short circuit
= 1.2, whilst the calculate

flem?). The ex
f the calculations is 9,75%.

dynamic coefficient ism
is Omax = 70.8 MPa (1 MPa= 10 kg
stress was 0 = 64.5 MPa. So the error 0
the measuring error is * 10%.

quite well with experimental data (given
calculations, it is applicable in project design
of conductors of any voltage,
alculations developed abroad.

Thus the proposed procedure agrees
e.g. in [8],itis convenient for engineering
in practice for calculating the electrodynamic stability
and it is not inferior in accuracy to more cumbersome €

Translated by O. M. Blunn
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