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Abatract: e

The waveshapes and ragnitudes of overveltages produced by the energi-
sation of cable/line transmipaion systems dlhend on the relative position
of the ¢atle and the overhead line with raspect to the energising source
g8 well am, on the value of the source inductance, The effects of these two
factors are investiguted uging a computer program cn a thee-phase basis,
Under sowe circumstancen, the overvoltages produced may te far more severe
than those produced in transcission circuits consisting of overhead lines
alone, The use of shunt-reactive compenzaticn has proved to be advantageous,
particularly in these cases where a cahle/line system is being energlsed
from a highly-inductive source. Moreover, it is found that the reduction in
overvoltages is further increased for the same compensation value, when shunt
reactore are digtrituted at bot: ends 0f the transmisaion syatem than when

they are cocentratad at one end only.

1. INTRCDUCTION:

For many years lhe problem of overvoltagee caused by swltzhing of trens-
miseion systems has been glven wmuckH attentiﬂnj‘z’S'A. Once the maxisum opera-~
ting voltage of a oystem is estubl:ished, the insulatlen requiremento are
tasically determined by overvoltages that may occur on the syetem, especlmlly
those caused bty energisation vperaticna., It is therefcre.of great importance
to system desigrers and engineera, to experience the comditicna under which
dangerous energissktion avervoltages may occur on the system arnd tu have the
means for amsessing, ané consezuently reducing, their magnitudes.

1'2’3'4'5uas directed

However, moat he work carried out in thie field
towards aystems lnvelving overhead lines cnly. Yet, undergrOund-cablc/cver-

head-line syatems are commonly used {n power syatema %c tranemitti bulk
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electrical power at nearly all voltage lsvels '7. Energisation of such
aystenae'ghaa nevertheless not received ithe attention that has been Qdewvoted
to simple overhead-line syetems. Though, under certain conditions, the over-

voltages produced may bde far more =evers.

The first objective of this paper is to present a computer study
based on the lattice-diegran mcthod10 into the magnitudes and waveshapes of
overvoliages caused by energising underground-cablefoverhead~1ine systems,
and to {llustrate the effect of interchanging the cable and line positione
in the system, Three-phues systema are considered and the effasct of varying
source-irductance value on these dvervcliages is aleo inveatigated. The
second objective of the paper is to demonstrate the effect on these over-
voltagee of applying shunt reactive-compenration at either the aendi%g-end
or both ends of the tranamissicn system. Por all cases, the three phases are
assumed to be energised simultaneously,.

4

2. THE _ENERGISATION (F UNDERGROUND-CABLE/OVERNEAD~LINE THARSMISS ION
BYSTEMS : ’

wvhen a circuit is being energised, the actual instant of energimation
may o¢cur when the voltage acrosa the circujt-breaker ie at or about 4is
paximum value and reesults in the application of a voltage atep of the order

the case of a cable~line combination this step of voltage is applied ta the

of peak phase-to-neutral voltage, ta the circuit being energised

first circuit (cable or line) of the combination ard produces a transient
voitage in this cireuit which may exceed ihe original step by a considerable
wargin. The {irst ecircuit then acts as a assurce and 1ts trenasfent voltage is
applied to the second circuit (line or catle} of the combination ¢ produce
an even larger transient voltage in that circuit. This phenomenon lp some-
times referred to as “surge magnification” and under some conditions ouch
larger cvervoliages are produced thar if one of the circuits ia energised on
ite own. The magnitude of the overvoltage produced depends upon the energy
intercharge btetiween the twp gircuits which in turn depends upon the values

of th&ir parameters,

2.%  Bffect of cable ard line position 1n the energised syatem:

Conalderation ¢f the comditlions at the junction of the line arnd cable
will show that because the asurge impedance of the line {a much larger than

that of the cakhle, the smsociated transmisasion coefficientz"oat the jurction

-
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will have a value greater than unity and may approach s value of 2,0,
Consequently, 1f the system is energised (as a alngle unit) at peak voltage
from the cable end, a travelling wvave of leoat 2.0 pous will oecur at the
Junction and a voltege approaching 4.0 p.u, will be received at the open~
circufted end of the line.

Cn the 6ther hand if the system 18 erergised from the line end, the
transmisslion coefficient for waves coming from the line to the cable ia
much less than unity with the result thaot the voltage at the open«circuited
end of ile cable will have g much slower wevefront than in the pmovi9ua case,

The voltage waveforme obtained in the [irst case are shown in FPig.I
and those of the second case are shown in Plg.2. In both cases, the system
losses are ircluded which resulted in overvcliage valugs elightly lower

than thcse merntioned above,

2.2 BEffecl of aource impedance:

The abcve results are obtained with an infinite source, i,e. when the
source is of z2ern impedance or of low resistance value. When energising {rom
the catle end, this type of source results in more rapid changes of volirge

than arise in the cage of energicing f(rom an irnductive source.

Pig.,? shows the effect c©f varying the source inductance on btoth the
magrniitudes and waveshapes of the recelved enc veoltage. Compared with the
vaveforms cf Fig.1, it can be seen that the larger the source inductance the
greater is the time econstant ¢f the ascillatizn and herce, the lower ie the
oscillaticn freguercy which iz auperimpcsed on the source 50 Hz companent.
Por example, “he Irequency of oscilliation ia over ‘000 Hz for zero-inductance
source, about 70 Hz for 0.0% H irductance, and decreases tc about 62 Yz

for the 1,0 E scurce, .

Condition;:act a0 atraight hovever, when the maximur overvoltiage mag-
ritudee are ccnaidered., Whereas the maximem value of overvoltage decreases
wilth 1ncreasing values 4of scurce inductarce, situations are reveresed with
the larger values of source inductance., The reason is that, lnereaaing the
scurce inductance heyond a certain value drives the system te go into a ser-
ies reacnance with the source 1mductance, The result is a continuous increame
in overvoltage magnitude as i‘he {requency of cscillatlon approaches the 50
Hz value.This condition ir much clarified when examining the wave{orms of

Fig.3(d) obtaired for a 1.0-H source imductance.
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Je REDUCTION (F OVERVOLTAGES BY THE USE CF SHURT-REACTIVE COMPENSATION:

Shunt-reactive compensation, particularly inductive, have been succeeas-

fully used to reduce the magnitudes of energisation overvoltgaes occuring on
2,5

overhead linems » To the authors' knowledge, howsver, the application of
shunt-reactor compensation to per{crm the same duty on compomite cadle/line
transmissicn systems has been given more or little attentlion, Provided that
the reactors are connected to the transmission syciem at the time of energi-
sation, it is found that a reduction in overvcliage magnitudes is brought
about, Their uase i= fcund to be particularly advantageous when the natural
frequency of the source imductance and the cable/line system approschee the
aupply frequency value. This is illuetrated by Pigs.44% where¢e shunt reactore
of value 5.09% £ each, corresponding tc 100 Miir rating on 400-kV baals, are
romnected at the sepding-end and at both seniing and recelving ends, respec-
tively, Comparimon with the resulie of Pig.3{d) shows that ‘he maximum over-
veltage value 1s reduced from over 3.6 p.u. for no compensation te about
2.79 pou, for 100-MVAr compensatlion conrected at sending end, and to sbcut
2,04 p,u. for 200-MYAr compensation distribtute¢ at both enda.

The reduction in muximum overvoltage iz illustrated further by the
curves of Pigs.b & T, which show ihe variation of maximum overvcltage, as
a percentage of that cbiained withcut coampensation, with the source induc-
tance for the same compoglte tranamissiorn egystem considered before. The
curves of Fig.b are obtained when the whole c¢orzensation MVAr value is
applied at the sending-end alone. Thome cf Tlg, ™ are for the case when
the ccapensstion MVAr value ig divided equally hetween the smending ami the
receiving ends of the energised ayster,

An it has already been pointed out, ihe zurvere of Figs., € and 7 show
that the maximum overvcltage ragnitude is reduceq considerably for the
larger valuee of mource arductancey i,e. for tne cases when the dominant
[requency of the transient voltage approaches that of the power-frequency
value, Alsa, for all camer considered, the reentage reduction 1n
maximum overviitage increase® almnost linearly with source inductance.
Moreover, 1t may he seen that, for the same value of MVAr compensation,
iarger decrease .n ¢vervcltage values are obtained when the shunt reactors
are a.stributed egually at bcth ends rather than connected at cone  erd
alcre. This tact 5 =ealised when the boitom curve of Plg, £ ls compared

with the 2op curve of Fig. 7, where the tctal cenmpensaticn for eadh case



. H
E.84. Abdel-Rahman & El-Dewieny. :

anounte to 200 MVARr.

4. CONCLUS ICNS ;

M ip clear now that energisatlon of a cable/line transmission eysten
as a singie unit, can lead to the production of overvoltages which may
under scme circumstances be faxr more severe than those prodéfad in trans-
nission cirecuits consinting of overhead li;es alona, Conditions sy greatly
be improved if energisation is taken pilace from the line end of the ener-
gised aystem which suggests that there iz a beat end from which to energise
the system. This mey nhowever not always be poseible in practices im which

case shunt«reactor compensaticn will offer the rewedy.

The reaults of this study show that the presence of shunt reactora
becomes increamingly important as the parameters of the souwrce, f{rom which
the cable/line system is being energised, together with those of the
systes itself, are of values such that resonance conditions are being
approached. [n these casee, the recuctiorn effect imposed by the shunt-

reactive compensation on the magnitudes of gnerglming overvoltages becomes
conmiderable.,

Mcreover, the study shows that, fcr the same value of compensation
MVAr, the reductlon in overvoltage nmagnitudes is (urther inireaacd,though
slightly, in casems vhere mhunt veactors are distributed at boih emis of
ithe transmisaicn systec than in cases having oaly one end shunt-compen-

sated,

e i
.
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Fig, %1 Effect of varying the source inductance on receluwing-end
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Pig, 4: Effect of shunt-reactor compensation at sending-end
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Pig. 5: Xffect of shunt-reactor compensation at both serding and
receiving ends on the recelving-end voltage, Maximum
value = 2,044 p,u.
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