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TRANSMISSION LINE ERERGISATION TRANSIEWYS
A CASE WITH STEEP FRONTS AND SPIKES

BY

Reda M, K, El-Devieny

The magnitudes and waveforms of overvoltages preduced by the emergisatiem
operation of a transmission line depend, among other facters, on the seurce-
side circuit cenfiguration, line trapped charge, and pre-imsertion resisters.
Thie paper investigates the effects of these three facters ia case of steep
frents and severe spikes appesar in the overvoltage wvaveferm ebtained at the
remote end of the energised line. Computer study is reported and the results
show that the steep fronts and spikes are largest when trapped charge i=s
present,

1., INTRODUCTICN:

- - — -

Transmission line energisation is an operation which causes a transient
overvoltage1'4= at the remote end of the linme due to voltage doudbling whioch
occurs a4t an open oireuit, In order that the system insalation level may be
optimised, for power transmimsion networks with operating voltq's's in exceas
of 400 kV, it is necessary to know not only the magnitude of these mﬁltms,
but also to determine their waveforms and their degree of saverity. The latter
is important in choosing the approperiate protection devices assooiated with
the aystem7'e.

Although basically it is a wvoltage doubling, which ecours when an open-
circuited line is energised, it is found in practice that other faotors exist

which modify the magnitudes and waveforms of the overvoliages obtaines Previ

1.5v406 ’

work in this field has shown that these factors inolude the ¢
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between the phases of the three-phase line, nonsimultianeoms elosure of the
three poles of the cirouit breaker, the presence and rate af decay of trapped.
rharge voltage on the'linl, as well as the configuration of the mource-side '
pireuit from which the line is energised. These facters mxy sombine to such

an extent that it is possidle for the overvoliage to omndr'tvio:- 4the normal

voltage Uy & comsiderable margin and to cause its wmveform to contain steep
fromtas and severe spikes.

This papar investigates the influence on both magnitmie and waveform
uf the ensrglisation ovexrvoltage, received at the remote end of a line, due
lo the following factors

'a) Configuration of the source-side circuit,
{b) Trapped charge on the line being energimed, and
{e) Circuit-breaker pes-insertion resistors.

The investigation is carried out using a digital cemputer program
~ased on the travelling wave equations of a transmission line being, an
rxtention of the lattice disgram method due to Bwlq’ o The! program is dea-
tribed briefly in Hef, 1 and in detail in Ref., 10.

l. SYSTEM REPRESEWPATION:

- iy o -

Pig.1 shows the system' _gnier consideration. The lime to be enargised
ie of length 265 km. The source side oonsists of a 380-kV ssuros (scurce 1)
in series with a double-circuit 1line of length 150 km, all jm pemallel with
wnother 380 k¥ source (source 2). Each source consists of a sememating station
snd an Auto-transformer vhioh visss the voltage at the switshing busber (B) to
1050 kV. The double-circuit lime is comnected betwsen bLusbaws A and B, as
nhown.
‘a1 Generstors and Tramsformers:

Both of the generators ares identical and each has a short-oircuit
.evel of 30 GVA at 380 kV with unity serc-ssquence to positive-sequence

rgactance ratio.

The two transformers are the same. Bach of them is a 380/1100 k¥,
000 MVA, Auto-transformer squippst with a tertiary coil. Referred to 2000
"YA base, the transformer inductances are:

'r.'w’ , x‘H-T'}“ and x_L_T-zo;
* T denote high tension, lou tamsiom, sud tertiary, xewpsstivelys-



-
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Fram these data, the inductance of the combined generstor amd
transformer of each smource is calculated as 0.2215 H,

The overhead doutle-circuit line feeding the switching busbar has
the following positive and zero mequence, 50 Rz constants for each circuit:

R, = 0.0079 ohm /km R, = 0.0824 ohm /i
X, = 0.2593 ohm/km X, = 0.604 ohm/im
) C, = 14.14 oF/xm Cq = 9.9 nF/xm

Considering the line natural frequency (=311OB/41256110§§ 300 Hz)
and taking into account the dimensione of the line towers, the surge imped-
ance matrix of the energised line ie calculated at 100 chm-meter earth reais-

tivity a=s
330'8 70.0 55.2
Zc = 70.0 329,0 70.0
5.2 70.0 330.8

The transmission lines are represented throughout the investigation
as untransposed (a case which usually exists in practice) and the losses of
the energised line are included in the calculations.

2.5 Circuit Breaker:

Each of the oircuit breaker poles has a pre-insertion rnaiator1’3'10

of 300 ohme and is therefore equipped by two contacts, as shown in Pig.2.

In all ewitching operations, the points-on-waves switehing’'°

of the
circuit breaker poles, referred to the point of phase-to-ground voltage zero

with positive dv/dt of the first phase to close (Fhase R) are:

contact 1 contact 2
Phase R 41° 300 167° 30
Phase Y 102° 2299 30
Phase B 102° 228° 307

This means that for contacts 1 of all phases, that of phase R closes at a .

point 41° 30+ after the point of zero phase-ta-ground voltage of the R phase;

those of the Y and B phases close simultaneously but 60° 30¢ after aocatact 1

of phape R closes. Contacts 2 of the R, B and Y phases close at imstants 126°,
\
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187°, and 188°, respectively after comtact 1 of phase R closes.

2.4 Line Trapped Charge:

- - - - -

Whenever present, the values of trapped charge on the phases of the

snergised line, in p.u. of phase-to-ground pn.k'voltlgv (V2 x 10'50/ﬁ xv)
aret )

Phame R = -1
Phase Y = +1
Phase B = +1

3. RESULTS:

Overvoltage magnitudes and waveforms are obtained at the receiving
end (R.E.) of the line being energised, Resulis are obtained for fhe system
as described in Section 2 above. In addition, resulis are obtained with
alterations to the circuit on the source side and with no pre-insertion
resistors and also with no trapped charge on the line being energimed.

Pable 1 gives the maximum receiving end voltage obtained on each
shamse. The resulting overvoltage waveforms are given by Figs. 3 to 8. Details
of the cases conmidered are given below., In all cases the awitching instants
ure as given in Submection 2,3 and the overvoltage values are also expressed
‘T pe.u. as the trapped charge.

e P A A e W T A e S i A T v b

™is im the system given by Fig.2. In this case there are trapped
‘harges on the lime phases having the values given in Subsection 2.4. The
‘sceiving end voltage waveforms of the three phases are showa in FPig. 3(a),
.o and 5. It can be mseen that the highst voltage is due to the splke on
mase R and has a value of 2,30 p.u.

W Case 2t Source 1 and Trans{ormer 1_d£uconnected:

- — . - T W S S A S e G A D A O - o e

With source 1 and transformer 1 discormected from the system the 150
.1 double~circuit line on the source mide is left open circuited at busbar
. It is found that, thi= does not alter drastically the waveform of the
. eceiving end voltage on phase R but causes am increase in the maximum over-
‘bltage, given by the spike, to 2.42 p.u.
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2.3 Case 3: Source 2 and Transformer g_dincoamacted:

The system is as in Case 1 bui with scurce 2 and tramsformer 2
discomected from busbar B. Again this catses relatively smell changes to

the waveform of the phase R receiving end voltage vhile an imorease appears
in the apike voltage to 2.45 p.u.

In this case the 150 km double-circuit line on the souree gide ie
removed and source 1 and transformer 1 are connected to busbar B together
with source 2 and transformer 2. This has the effect ¢f ohangimg the waveform
of phase R receiving end voltage but a spike of magmitude 1,93 p,u. is still
present, The waveform is shown in Fig.6.

Under the conditions of one 150 lm circuit of the double-cireunit line
out of service, the waveform of the receiving end voltage of phase R is
shown in Fig.7(a). It can be seen that the spike is reduced and has a value
of 1.81 p.u. With no trapped charge on the energised line, the receiving
end voltage waveform is as shown in Pig.7(b). The effect is a further reduc-
tion in the spike to about 1.28 p,u. This valne is still the maximum
overvoltage obtained at the R.E, of the linme.

3.6 Case 6: No pre-inmertion Resistors:

- o e e e s S o S S

The system iz as in Case 1 with the exception that mo pre-insertion
‘resistors are used. Fig.8{a) shows the receiving end voltiage waveform of
phase R. It can te ceen that, as & result of the removal of the damping due
to the pre-insertion resistors the spike doea not appear to be as prominent,
Its magnitude is 3.08 p.u. but ie no longer the mnxinnm overvoliage which
now occure. In this case it ie on phase Y and haes & value of 3%.19 p.u.

S g

45 1s to be expected, without trapped charge on the energised line
the receiving end voltage of phase R, as well as of the other phases, i»
reduced. The reductiom in the magrnitude of the apike is howvever greater
than that of the remainder of the waveform as may be seen from Fig., 3(b),
Nevertheless, the =pike still gives the maximum overvoltage amd {ts value
is 1.49 p.u,
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With no trapped charge om the emergised lime amd witheut pre-imsertiom
resistors the vaveforma of the Fhase R receiving ead voltage is showmm by 2.
Fig. 8, curve (b). It is shown that, under these ocenditions the apike is mot.
particularly noticeable although it still gives the maximom voltage vhich
is 1.84 p.u.

4. CONCLUSIONS:

The results of this imvestigation oconcludes that the steep fromts amd
the severs splkees appearing in the receiving end voltage waveforms, are
largest and most promounced whem trapped charge is prsest om the line being
energised. To a lesser extemt, the presence of the double-circuit lime om
the source side accentuate the spikes due to the reflections from ita far
end. The pre-insertiom resistors gemerally reduce the apikes, amd cosequantly
the overvoltage magmitudes, because of their dampimg effect om the oscillatioms
caused by reflections from the eads of the lines. Their presemce howvewver doss
make the maim spike appear more promiment.

Although intensive and cosiderable vork12 concerning emergisation tran-

alents of open~circuited tramsmiasion lines have been carried out the results
of this investigation emphasize that, for reliable design and opsration of
iransmission networks, switching cvervoltage studies for some imdividual cases
may be of neceseity,
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Table 1. Maxi{mum Receiving End Voltage (p.u.)

Case No, Fig. No, Phase R Phase Y Phage B
1 3, 4, 5 2,23 1.51 1.58
2 - 2.42 1.46 1,56
3 - 2.45 1.50 1,68
4 6 1.93 1.3 1.44
5 7 1.81 1.47 1.50
3 8{a) 5.08 2,19 2,72
7 3(v) 1.49 1,18 1424
8 8(v) 1.84 1.75 1.82
N——
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Source 1
380 XV A B
150 km L..)( . Elergifad Line Aﬁ%
S.E, 265 kn R. E.
T, 380 KV 4050 v
Source 2

Fig. 7 : ESingle line diagram of the system studied.

. Pre-insertion
~ Resistor
S. E.
Nart
Juurce Cortact 1 1 Energised
e XM —"p3& s~

X

Contact 2

Pig, 2 : Single-phase representation of the Circuit Breaker
Poles,
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