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1. Summary

One of the authors has reported how the neutral potential displacement took
place in resonant transmission system after any single stage fault had occurred.
In this paper, they extend their argument on neutral potential to such complex
cascaded phenomena as those incidental to switching operation, grounding of
broken line or lines. The general description of those complex phenomena is per-
formed at first to the extent of the theoretical determination of the position of
neutral potential displaced in steady state, and then up to the graphical represent-
ation of results of experiments, which are measured by means of model trans-
mission system and the “neutral potential tracer.” These complex phenmena can
be fundamentally expressed as the resultant potentials of free oscillation and
forced one, both determined by newly constructed circuit conditions of each stage,
where the time intervals only come into question. The following is- the synopsis
of their study of the complex phenomena treated as the succession of 1-line
grounded, 1-line broken, restoring 1-line broken or 1-line closed phenomenon oc-
curring in the reactor compensated transmission system. The steady state dis-
placement of ground potential against the system neutral is sometimes represented,
taking compensation factors as parameters, by a circle which is characterized by
its particular position and magnitude compared with the source triangle of volt-
ages corresponding to each accident. Such circles of vector loci for different phe-
nomena are geometrically so arranged as to have interesting relative positions to
the source triangle, and most of the complicated fault phenomena can easily be
analysed by means of those circles. Experimental results show that the changing
transient overvoltages are thus intuitively understood and traced in accordance
with the lapse of time.

2. Theoretical Argument

a) Switching Operation. When the switching-in operation is in progress, the
first stage of 1-line closed phenomenon ofthe causes the series resonance in the
system, and the following stage of 2-line closed is generally corresponding to that
of 1-line broken at the sending end, and the last stage of 3-line closed is to the
restoring of I-line broken system. The transient voltages between the system
neutral and the ground, here, are shown as the sum of the steady voltages of the
source frequency and the decremental ones of free oscillation, the frequency of
which is determined by the circuit elements of the system; that is, the neutral
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potential to the ground at every instant is, if denoted topographically, arranged
on the logarithmic spiral around the final vectorial point of steady state. Moreover
the direction of the spiral rotation is decided by the compensation factors and the
line constants of that system. In ordinary three phase system, as the switching
operation is performed passing through the three different steps of the system
construction, so the vector locus of the neutral potential, then, varies greatly cor-
responding to each condition. If their discussion is limited only with the cases of
steady state, the vector topographies for 1-line switched-off conditions are all the
same as those for 2-line switched-in, and those for 2-line switched-off are so too
for 1-line switched-in. The topographies for such steady state are generally de-
noted as circles of vector loci, and the radius of the circle for 2-line switched-off
condition is twice as large as that for 1-line switched off. Thus the displacement
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of the neutral potential can be traced theoretically following the every sequence
of switching operation, and, to the contrary, the locus observed topographically
enables us to know how the operation has been performed. In many practical
cases, if the individual time interval between each successive switching operation
is rather comparable to the diminishing duration of the caused free oscillation,
the displacement is to take place in one step after another, and the spiral move-
ment of the locus is directing to the final topography for each circuit condition.
Thus the unlimited number of cases for transient vector loci would be recognized
according to the intervening time of switching operation, but the general con-
ception of theoretical treatment does not varies by any means.

b) “I-line broken and grounded” and “2-line byroken and 1-line grounded” fauits.
For the double faults caused by broken and grounded accidents, two different cases
of manner come into occurrence. One is that for the grounding of the unbroken
line or of the broken line at the source side, and the other is for the grounding
of the broken line at the load side. The ground potential, in the former, coincides
with the potential of the grounded phase concerned, but the transient vector locus
of the ground potential in the latter is also denoted by a logarithmic spiral around
the topography of the steady vector, running clockwise or anticlockwise according
to! the_ compensation factor and line constants. The effect of the intervening time
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between the steps of the switching operation is recognized in the same manner
as in @). The circle of vector locus for I1-line or 2-line broken system grounded
-at the load side is the same as that of simply 1-line or 2-line broken system re-
spectively both in magnitude and in the position of its centre, but only varies at
their points of resonance. Moreover, the successive phenomena of 2-line broken
and 1-line grounded faults result in the same state of series resonance caused by
the electro-motive force of unfaulted phase. no matter how either broken phase
may be grounded at the load side. Hence no distinction of grounded phases, in
‘this case, is required. The above all treatments are the results of theoretical
analysis for the unloaded transmission lines compensated by an arc-suppressing
reactor installed at the sending end of the system.

Table 1 shows the calculation formula and the positions of circular loci of
ground potential vectors against the neutral system together with resonance con-
ditions and apparent compensation factors. Fig. 1 denotes the special circles of
vector loci for 7#=3/2 and 1=0.08 (v. notations given in Table 1), and Fig. 2 shows
the values of apparent compensation factors eq, e, ¢ and g for n=23/2.
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Fi1G. 3. Displacement of ground potentials
for switching operations.
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3. Experimental Observation

In the complex cases of cascade phenomena above mentioned, the displace-
ment of neutral potentials, that is to say the ground potentials against the system

neutral now, has been experimentally
analysed and photographed by the “neu-
tral potential tracer”” with instant or
adequate time intervals making use of
the unloaded model transmission lines
and an arc-suppressing reactor installed
at the sending end. Phenomenal deno-
tations are shown in Table 2 with cor-
responding headings in Figs. 3, 4 and 5.
The photographic observation has re-
vealed these figures in detail for the
displacement of ground potentials, in
which Nz, Ne, Ny and Ng are the ground
potential topographies of steady state for
the cases 1-line broken, 2-line broken, 1-
line broken and grounded at the load
side and 2-line broken and grounded at
a load side of the two respectively all
faults being caused near the sending end.
Notation “’” shows the effects of the fer-
roresonance representing the phenomena
which are often called the “phase inver-
sion of neutral potentials,” and the ar-
rows in those figures show the direction
of the potential displacement. The re-
lations between compensation factors
and number of taps used are given in
Table 3. As n=3/2 is the case with our
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F1G. 4. Displacement of ground poten-
tials for 1-line broken and grounded faults.
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model system, the apparent compensation factors.for individual circuit construc-
tion change as the values are shown in Fig. 2.

4. Results

Theoretical treatment is thus experimentally demonstrated with perfect accu-
racy when the saturation effect is neglected, and even more complicated transient
overvoltages can easily be analysed even if the theoretical treatment should fail
to express. The long time intervals between the steps of switching operation will
sometimes result in dangerous overvoltages in the system, but this may be avoided
by taking the intervening period less than one cycle of the system frequency, that is
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experimentally acknowledged.

Fig. 2 shows that if such
reactor taps are selected as
the system is in resonant or
under-compensated condition
at the instant when single
pole alene is opened, the fol-
lowing condition is that of
over-compensation when two
poles are opened, that is, the
abnormal overvoltages should
come to arise during the
changing period of the rate of
compensation as the result of
varied circuit conditions.
Such resonance overvoltages
during the switching operation
may be avoided if the system
is so adjusted as is always in
the state of over-compen-
sation.

The restriction effect of
varied compensation factors
for the system overvoltages
is scarcely expected for the
grounded conditions of broken
faults in the practical system,
but if the grounding is caused
. at first for the line at the
oty source side of the broken sys-
tem or the line unfaulted, the
neutral overvoltages do not
exceed the value of phase
voltage. The switching time
interval Jess than 1 or 2 cycles
of the commercial frequency,
then, also keeps the overvolt-
ages low.

The saturation effect of
the iron core will sometimes
restrict the outbreak of over-
voltages if the system is oper-
ated near the taps of reso-
nance condition.
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F1G. 5. Displacement of ground potentials for 2-
line broken and 1-line grounded faults.
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