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Abstract

This paper discusses that the significant voltage drop
under load condition is the big problem of distribution
networks, because it limits the transfer capability of
distribution lines. A utilization of the compact lines
technology allows a significant increase in the transfer
capability of distribution lines. Important developments
for controlling over voltage and conductor resonances in
recent decades gave the possibility to reduce the
distances between phases. The modern distribution lines
can be optimized with respect to their electric
parameters in comparison with normal distribution
lines, and by this increase the capacity in energy
transmission.
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Nomenclature
P, =SIL surge impedance loading
U; voltage at the start of line
U, voltage at the end of line
A line impedance A =wl/ u

current density, A/mm?

I conductor special resistance

Ccr length of line

X inductive impedance

R active resistance

P/Pn transmitted power / surge impedance
loading or natural power

Uz.nom real value voltage

[0) shift angle between voltage and current

Dav average geometrical distance between
conductors

z surge impedance

ro radius of a conductor

Irc reactive current end of line for
consumed

I loading current end of a line

1 Introduction

Voltage drops occur in transmission lines, sub
transmission lines and distribution lines between the
source and load. The voltage drop is very important
when the impedance of transmission and sub-
transmission line is high relative to the components of
the circuit. By choosing suitable physical inductive
reactive power and capacity power in exit line. Then we
do not need to have extra equipment like capacitors and
reactors. The high efficient transmission of electricity is
depending on two important problems: voltage drop and
power losses. Since alternating current (4C) depend on:
(1) reactive power, and (2) characteristic impedance
(inductance and capacitance).

Part of the capacity transmitted depends on reduced
reactive power in the line. If we provide the right
conditions, electrical energy can be transmitted without
power losses. The reactive power can be compensated
by extra equipment installed in the line as a parallel
reactor or compensating capacitor, but we will have
problems to provide equipment and we have to pay a lot
of money for the purchase of the equipment. There are
other methods for reducing reactive power by creating
balance between reactive power, inductance and
capacitance in the line. This will be discussed in this
paper.

The effect cost for these equipment can be
predicted, respectively. Transmission line design is
discussed in (Clerci and Landonin, 1991; Heidari and
Heidari, 2002; Doss, 2002). More details of technology
is available e.g. in (Alcola Conduc tor Accessories,
2003; ACCR, 2003; 3M, 2003).

2 Designing modern lines in sub-
transmission and distribution
voltages

The equivalent scheme of a distribution lines is
presented in Figure 1, Here X'is the inductive impedance
of a line, R is its active resistance. Let us present the
loading current at the consuming end of a line in the
symbolized form

f o :
I,=1, E(l—_;.rgml, (1)
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[” = Ul.umu (2)
v
where Z is the surge impedance of a line, P, is the natural
power of this line or surge impedance loading, P is the
transmitted power, ¢ is the shift angle between voltage
and current. The reactive current, consumed (generated)
by the line at its end is equal to

o = ROI R

where A is the wave length of a line. By P = P, the line
does not consume and does not generate reactive
current. But when P < P, the line generates a reactive
current, and when P > P,, the line consumes reactive
current. The sum of a current at the end of a consuming
end of a line is equal to

v, P _ A Y |, @
== Zmom (] P ',!, ] + / Z.nom_ - 1 ] et e -
z e 2{ [F”

The voltage at the sending end of a line is shown in
Figure 2.
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Figure 1. Inductive impedance (X) and active resistance
(R) in distribution line.

(a) (b)

Figure 2. Vector diagram of voltages for transmission lines
(a) for clean active loading and by presence of inductive
component (b).
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where vector U is combined with the axis of a real value
and X = AZ . By neglecting the unreal component, which
influences on the value of U; practically negligible

and by assuming that U, = Uz ,,m we obtain the value of

voltage at the sending end of a line:

oy i B Are2Y 12, @®
u, _Ll{l + P [Z +A.rgw]+Hﬂj Iil 2}

where the assumption (U> = Us.q0m) is real, because by
permissible voltage drop the voltage at the consuming
end is to be not less then Uz om.

The ratio R / Z can be estimated by the next method.
The active cross-section of the phase conductor is equal
to

P, LRl U P
F=—=—*t_=—2_ =

L= = (7
J Jcosp J P cosp JZ P cosp )

_.".Jllll'l‘.'

where J is the current density in a conductor. Hence the
active resistance of the phase conductor is equal to

A Lz P
g P PhSe J—”cosgn. (8)

F, Uy P
where p is the specific resistance of a conductors and /
is the length of a line. Therefore, the ratio

R _plztP
—¢os (9)
Zz_u v

Putting this ratio into the relation (6) we obtain

B, (PY |2
U=U,+pdleosp+U, —Atgp+ U, ‘—I -1|=—.(10)
' F, TRELS 2

or the square equation in relation to the ratio P / P,

Vi ofp 2pdicosp U ., - (11
| 2= aagpr2+ 28 g1 oo )
; ‘P E L It'.'

(2

LB
As a result of this equation solution the permissible

ratio P / P, by the given permissible

ratio U;/U: is equal to

P I W 0.0 4. ) ; 12)
£ U legreof oy ptose p) Lots (12)
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Inserting in the last formula we get a value of SIL

B = 3L (13)

N

We obtain another formula for the permissible
transmitted power over a line

3U; > L :
P:J%E‘[J:gw‘+2[E?j—l—££%s-f-+,l'}—:gw] (14)

It is possible to conclude from these last formulas,
that it is impossible to transmit electrical energy over
relatively short lines (A < 0.1 rad), for which these
formulas were obtained, without voltage drop. More
over the voltage drop along the line is to be bigger than
the voltage drops on the active resistance, which is
determined by the item with the specific resistance p.

By the presence of an inductive load (¢ > 0), the total
voltage drop over the line is to be cover and increasing
the reactive item, which is determined by the last item
in (12) and (14). Therefore by nominal operating voltage
at the consuming end of a line the voltage at the sending
end of a line is to be bigger, however, not bigger than
the maximum operating voltage. For this reason the
bigger is the length of a line, the less is the permissible
transmitted power. By the given permissible ratio U;/U,
and by the given length of a line, the permissible
transmitted power P is inverse proportional to the surge
impedance of a line.

3 Identification of surge impedance in
modern distribution lines

This conclusion confines the efficiency of measures for
compactization of a line structure and additional
measures, caused the decrease of the surge impedance
of a line. Really the surge impedance of lines with single
conductors in a phase is equal to
AR e (15)
o
where Dav.g is the average geometrical distance
between all three phases, 7y is the radius of a conductor.
By the decrease of Dav.g. The surge impedance Z
decreases, but not so much. It is possible to decrease Z
by using a conductor bundle instead of a single
conductor with the same cross-section which is
determined by the selected value of J. For double
conductors in a phase the surge impedance of a line is
equal to

Dav.g
ryd

Z = 60/n (16)
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where d is the distance between two sub conductors. By
triple conductors in a phase, the surge impedance of a
line is equal to

Z= t'fu[i'l"nM : (17)

rd’
and by four sub conductors

Z = 60¢n (18)

It is possible to see that the bigger the number of sub
conductors the more effective is the splitting of the
conductor. It is necessary to note that the efficiency of a
conductor splitting increases by the decrease of Dav.g.
The minimum Dav.g is by the triangle disposition of all
phases.

By optimizing the distance between neighboring
conductors d=0,5 - 0,6 cm and by minimum possible
distances between phases it is possible to decrease the
surge impedance of a distribution line by two - three
times compared to conventional lines (130 - 160 Ohm
instead of 350 - 400 Ohm). Without interphases, the
insulation spacers (compact lines) are two times and
approximately three times less by the installation of
interphase insulation spacers (super compact lines).
This is in accordance with (14).

4 Ratio P/P, versus length

The permissible ratio P/P, , which was calculated by
means of formula (12) with permissible voltage drop
U,/U>= 1.1 by current density J=1 A/mm?, by different
values of a power factor cose and by different operating
voltages of lines are presented in Figure 4 versus their
length.

Figure 3. Voltage line.

As it is possible to see for each level of operating
voltage a decrease of the power factor cosp leads to a
significant decrease of permissible ratio P / P, , if this
ratio P/ P, > I. On the contrary if this ratio P / P, < I
the decrease of cosp leads to the increase of a
permissible ratio P / P,. A crossing of all curves takes
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place by the same length of lines. This critical length of
lines L increases when the operating voltage increases:
The dependence ¢ = f(Uyom) 1s linear (Table 1) and can
be estimated by means of the simple formula

¢, =19U (19)

Finm

where £ is in km and U,,op 1s in kV.

Figure 4. Ratio P/P, versus length in kilometers.

An increase of the operating voltage leads to a
significant increase of the permissible ratio P / Pn for
the given length of a line. Respectively, the permissible
length of a line for a transmission of the given ratio P /
Pn increases significantly by an increase in the operating
voltage. Table 1 shows the significant length of modern
distribution line for different operating voltages

Table 1. Operating voltages.

kv 20 35 63

nomr *

£, km 39,5 65 120

5 Conclusions

Low power factor leads to the increase of voltage drop
along the line and as the result limits the transmitted
power and the possible length of electrical energy
transmission. In order to decrease the influence of the
power factor on the transfer capability of lines it is very
useful to decrease inductive impedance of lines by using
bundles of conductors and decreased distances between
phases.
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