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1 SUMMARY. PROBLEM STATE

According to the statistical data, the considerable share of emergency operation of
interconnected power systems is caused electric (isolation rupture, an overvoltage, etc.) or mechanical
damages of high-voltage transmission lines (TL). Depending on a place and duration of elimination of
emergency damages TL technological and economic consequences can have as local, and total
character [1, 2]. Thus on efficiency and, as consequence of it, the size of an expected damage from
breaks of an electrical supply of consumers is influenced by following factors:

1. Operation speed of protection and emergency control automatics means;

2. Dispatch of recognition, liquidation of power equipment emergency.

For today the problem of speed and sensitivity of remote measuring element increase solving by

control and diagnostics numerical methods and functional algorithms development. In certain cases
(see tab. 1) the size of an absolute error of numerical calculation of distance to a short circuit (SC) TL
place can reach several kilometers (or more than 10 % concerning all length TL). In this connection
the problem of decrease in the resulted error to comprehensible values (£ 2.5 %) is relevant.
Generally the distance to SC place (DSCP) numerical calculation error has two components —
methodical (it is defined basically by adequacy (an accuracy) mathematical model air TL) and
instrument which is caused by measuring part characteristics. Ways of compensation (decrease) in a
instrument accuracy of current transformers are developed and investigated on «Power plants and
automation of power supply systems» chair of the SEI HPE «Saint-Petersburg State Polytechnical
University» (researches of differential protection results in the given edition see). The present
research is devoted remote methods of DSCP numerical calculation a methodical accuracy decrease by
working out of the strict mathematical description of the transients equations at the field problem in 3-
D statement decision. Application of field methods of air TL electric parameters definition this new
and perspective direction in a problem solution.

2 DEFINITION OF THE AIR TRANSMISSION LINE EQUIVALENT CIRCUIT
ELECTRIC PARAMETERS FIELD METHODS

Modern numerical methods of calculation air TL DSCP are based on use of a electric system
operating mode electric parameters, registered by digital oscillographs. The generalized algorithm
procedure of calculation transmission lines DSCP is represented on fig. 1.
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Domestic and foreign researches experience shows that finite element method use for
electromagnetic field an air-line calculation the problem decision is the most expedient[3]. It possesses
advantages of program realization simplicity and a comprehensible error at a field approximation
(modeling).

In work the magnetic field TL parameters numerical calculation is made with use of vector

magnetic potential A projections on an rectangular coordinate system axis, and electric field
parameters definition is carried out through scalar electric potential ¢. For calculated region splitting
into final elements the elementary three-dimensional figures — tetrahedrons with the node points only
in their tops task are used. According to it, the linear polynom for required potential in a finite element
distribution approximation is used.

Fig. 1: Block diagram of generalized algorithm procedure
of calculation transmission lines DSCP

The Galerkin method to the linear algebraic equations system concerning required potentials A
and ? nodes values formation is applied. Formally it consists in volume integral of one finit element
V® from product of the given element forms function transposed line on the investigated differential

equation equating to zero. For example, linear equation for a vector magnetic potential projection to an
axis X in tops of the € -th finite element will be fairly:

(ls@ + joT® j AP =TO .90, (1)
U
and for scalar electric potential:

S(e)(p(e) =0, ) (2

where  u — environment magnetic conductivity

S® T® _The matrixes which elements are calculated, proceeding from considered
e -th finite element node coordinates with integration use in tetrahedron coordinates
natural system

A(Xe), d)x(e), (p(e) — The vector which elements are projection vector magnetic potential
on an axisx node values, coordinate X from finite element electric potential in tops
derivatives and e th finite element scalar electric potential node values, accordingly
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The each finite elements equations (1), (2), should be united in the equations general system
which decision is carried out concerning values of potential in all calculated region node points. Thus

matrixes elements Sand Tare calculated as the sum of corresponding elements of local matrixes

S and T all decision region finite elements.
Then, calculation of own and mutual longitudinal resistance algorithm for n air-line wires is
carried out according to [3] fig. 2 taking into account an assumption about a scalar electric potential
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where o — wire specific conductivity

4. The proceeding along each wire of system average (in section) current values definition:

N . . . .
|' :;[(@ +0, +6, +5|)-V(e’] @
cpm 4.1, J

where & 5., 8,,, —current density vector projections to a wire axis in the given section for

e th finite element node points.
L, — mmMHa paccMaTpUBaeMOro M-ro IPOBOZHHMKA HA PACCUUTHIBAEMOM YJacTKe

considered m-th conductor on a counted site length

M- th conductor own and mutual longitudinal resistance definition is carried out at the an order
n linear algebraic equations system decision
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In turn, wires TL own and mutual partial capacities /£ calculation is carried out according to the

algorithm [4] represented on fig. 3

1. Scalar electric potential ¢ distribution (2) in space TL calculation by a finite elements

method under conditions of m-th (investigated) wire potential equality to one and the others
(including the earths) wires potentials values equality to zero;
2. Electric field intensity vector projections (Ex, E;, E;) in boundary with finite elements

conductors a surface calculation;

3. M-th wire (investigated) charge (partial capacitor factor £, ) definition at neglect stream of

its electric field butt components:

N
6 =2 Y (JEPZHEPTHEP50), ©)
e=1
where & —absolute dielectric constant;
Sée’ —The e -th finite element side area, entering into a m-th wire lateral surface.
Definitively, wires TL own and mutual capacities values calculated according to expressions (7)
and (8):
n
Cii ZZﬂik ) (7)
k=1
C,=F - (8)

The stated above method [3, 4]
of air TL with any wires and lightning-
protective cables number electric
parameters calculation realizes the
strict mathematical description taking
into account the wires in three-
dimensional space (wires sag, their
possible oblique-angled approchement,
ground real characteristics, etc.) valid

arrangement.
The TL electric parameters
(mutual inductive resistance and

capacity) calculation error estimation
with analytical expressions use was
made  with  reference to the
computation scheme consisting of two
wires in radius R; =R, =94 mm (a
dimension of first wire G; = 6.0 m, and
the second G, =8.0m) which have
sagging and oblique-angled
approchement on a site (TL span) in
the 285 meters length. Thus hang
height wires twice more than their
dimension. The minimum distance
between wires a; makes 6.5 m.
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Fig. 3: Block diagram of wires TL
own and mutual capacities values calculation algoritm
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parallel conductors mutual inductive resistance analytical calculation [5] in expressions concepts of
equivalent (average) their height hang values h,,, and distances between them a,,, [6] are used:

hal(B =G +§hC’ (9)
a, +2
By =2 (10)

where G _ \ire dimension;

he _ maximum wire sag value;
a,, &, —minimum and maximum distance between wires, accordingly

Besides, the equivalent distance between wires a., can be found as average geometrical
value[7]:

s =4[22, (11)

Two wires TL passing at an angle to each other mutual capacity definition, also is carried out at
average distance between them calculation:

oy =22 (12)

The two wires TL mutual influence complex resistance numerical and analytical calculation on
frequencies of 50 and 500 Hz (fig. 4 see, 5) at a variation of the maximum distance between wires a2
results analysis has revealed considerable influence of an approach wires angle on a reactive
component X ,, calculation error with use of assumptions (9), (10) and (11).
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Fig. 4: Complex reS|stance analytical calculatlon error on frequencies of 50 at a variation of the oblique-angled
rapprochement

In considered cases at an approach angle about 25 degrees (a, = 138.5 m) the mutual induction
reactive resistance relative calculation error made more than 28 % (f = Hz) and 46 % (f = 500 Hz).
During too time, small influence of wires on an analytical calculation error active making R,, is
established — the relative error maximum value makes about 4 % (at an approach angle no more than
25 degrees).



Actual Trends in Development of Power System Protection and Automation
30 May — 3 June 2011, Saint Petersburg

SRy % Xy Owiicn FXy %
240
220
2.00
1.80

1.60

043 - -2.00 1.00

0.00
0.00 25.00 §0.00 a +2a 75.00 100.00 125.00 ax m 0.00 25.00 50.00 a +2a 75.00 100.00 125.00 an M
y +24 ) + 24

BRI Fans == - SRy % pH Gy =G, -a, - SNy %mpuTua T 5 e S X %npHan, =4 -a
Fig. 5: Complex resistance analytical calculation error on frequencies of 500 at a variation of the oblique-angled
rapprochement

Also it is necessary to note the considered scheme mutual capacity C,, analytical calculation
considerable error (fig. 6 see), caused by an assumption (12). The C,, calculation relative error makes
from 10 % to 50 % even at rather small corners (4. 10 degrees) rapprochements. Application of an
assumption (9) at wires air TL own capacities analytical calculations negligible affects a calculation
error (at the wires sag, close to real, an error makes no more than 3 %).
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Fig. 6: Own and mutual capacities analytical calculation error at a variation of wire sag and oblique-angled
rapprochement

The equivalent circuit electric parameters analytical calculation revealed error an inevitably
affects multiwire TL damage place definition reliability. Thus the DSCP numerical calculation error is
in a greater degree caused by an error of the initial data about TL own and mutual longitudinal
resistance. In following section questions of decrease in an Northwest IPS air TL DSCP numerical
calculation error at their strict mathematical description are considered.

3 DECREASE IN THE DISTANCE TO SHORT CIRCUIT PLACE NUMERICAL
CALCULATION ERROR WITH THE NORTHWEST IPS AIR TL STRICT
MATHEMATICAL DESCRIPTION USE

The DSCP numerical calculation error analysis was made with reference to air TL of an
transmission 110 — 750 kV the Northwest IPS (the Leningrad, Kola, Karelian, Arkhangelsk and
Vologda power supply systems). For research are chosen TL (tab. 1 see) for which the size resulted
(by the total length) has made DSCP numerical calculation errors more than 2.5 %. Also additional
criterion of emergency oscillograms with the transients caused by short circuits TL selection, was the
full initial TL tracing data presence.

Tabl. 1: DSCP numerical calculation results at emergency registration only from one side

_ TL Name, | Length, | Tracking DSCP n_umerical cal_culation results _
Energy object SC type ‘ km ' Kkm " | standart symbolic model | improved symbolic model
bpac KM | A, kM | 8, %0 | bacw KM | A, kM | 5, %
SS 90 JI-389,B | 255.60 | 206.90 17570 | -31.20 | —12.21 | 19437 | —12.53 | —4.90
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H:fg 25560 | 150.00 | 141.70 | —830 | —3.25 | 14390 | —6.10 | —2.39

JI-389, C 255.60 66.30 5550 | -10.80 | —4.23 | 6561 | —0.69 | —0.27

JI-389, B 255.60 186.70 17160 | -15.10 | —5.91 | 190.98 4.28 1.67

SS JI-374,C 172.08 102.30 9520 | —7.10 | —4.13 | 107.69 5.39 3.13

“Leningradskay” | JI-374,B | 172.08 44.60 3820 | —6.40 | —3.72 | 46.74 2.14 1.24

JI-374, B 172.08 88.50 76.60 | -11.90 | —6.92 | 94.66 6.16 3.58

JI-389, B 255.60 107.40 98.70 | —8.70 | —3.40 | 106.22 | —1.18 | —0.46

JI-389, B 255.60 94.70 104.50 9.80 3.83 9094 | -376 | —1.47

SS
SS
“Velikoreckay” | T309C | 15560 | 3420 | 2090 | -1330 | -855 | 3455 | 035 | 022

The tab. 1generalized analysis allows to establish interrelation between an DSCP numerical
calculation error and an initial information on equivalent circuit parameters representation error. In
particular, according to some statistical DSCP problem data of transmission lines 110 - 330 kV the
Northwest OES (tab. 1 see) the resulted and relative error has negative value (calculation distance less
real). It speaks the doubtful account of phase wires mutual influence and, as consequence of it, greater
(in comparison with valid) specific voltage decrease on TL length. The given fact most typical for TL
distance at single-phase SC calculation results as mutual influence electric parameters, at use of modal
transformations, into the zero sequence scheme are included.

It is necessary to notice that the air TL transients strict mathematical description application
allows to improve essentially indicators of an distance to a short circuit place numerical calculation
error. On the module value of the calculation resulted error with use of the TL equivalent circuit
specified parameters has made the greatest about 5 % (at initial size more than 12 %). In some
settlement cases (JI-389, JI-309 damages) the error size makes less than 0.5 %

4 CONCLUSION

1. It is shown that TL electric equivalent circuit parameters calculation analytical methods
possess a considerable error. The greatest influence on DSCP numerical calculation error
renders an error of the initial data about TL equivalent circuit own and mutual longitudinal
resistance.

2. The developed software DoACP realizing the numerical decision field spatial problem by a
finite elements method, should be applied to air TL electric parameters certification
(actualization).

3. The distance to SC place numerical calculation error with initial information representation
error interrelation is revealed. It is established that TL strict mathematical description
application allows to lower appreciably resulted error value to comprehensible values (less
than 2.5 %)
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