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tJ:rnract t 

The va.ve,ha:pes an1 ;,-,agnitue9S of owrvoUages proc.uced by the eMr~i

sat ion of cable/line transmission systems d~nd on the relative position 

ot the cable and the overhead line ~ith respect to the energ131ng Bource 

as vell &a, on the value of the aouree inductance. Tbe effects of theae two 

fac'l.ore are Inveetigated using a computer program on a t~ee-~e basie. 

tinder some circ1.lJ!IStancea! the overvo':' berea proc<.lced may t:e far mQre seVere 

than theee produced in trana~aeion circuitB consistir~ of overhead linea 

alone. The use of shunt-reactive compen5aticn has proved to be advantageous, 

particularly in th.ae cases ~here a cable/line system i5 being .nergised 

[ro= a highly-inductive source. Moreover, it is :ou~d that the reduction in 

overvoltagee i~ further increased for the 3a~e ~ompen3ation value, when shunt 

reactor$ are diatri~uted at bot~ ends o~ the transmission aY3tem than when 

they are cocentrated a.t one end only~ 

1. IN'TIlCDlCTION: 

For many years the problem of 

mieeion systems hae been given U\'J.cH 

overvol tagee causeo by 

1 ' 3 4 attentlir • • .e, t • Once 

av itching of trane

the maxiMum Op&ra~ 

tine T~ltLg? of a system ie eat~bl1ghec! the insulation req~rem&nto are 

~asically determined by overvoltages that may occur on the 6y&tem~ especially 

those caused ty energisation operatione. It i8 therefcre.of great importance 

to system desigr.ers and en~lneere. to experience the conditions under vhich 

dangerolJ.S energis .. tifm overvolr.ages may occur on the system and to have the 

meana for aasessinfh a.n': cOMe;i.lently reducing. their ma.gnitudee. 

Hcwever, most ~he work carried out in this field1,2,3,4t5wa~ directed 

toward8 ~Jstems invclving ov.~tead :L~es enly. ~et, underground-cable/ever

head-line syatemB are commonly used in power ere-terna tc Ua.n.eoit t bulk 
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electrical poyer at nearly 

syeteme8t9nae nevertheleee not received the attention that baa been deYOted 

to ~t.ple overhead_line syetems. Though, under certain conditions, the ow.r- t 
voltages produced may be far more aevere. 

The first objective of this paper i~ to present a computer study 

based on the lattlcewdie.graJI I'HIthood 10 into the magnitudes and vaveah4lpee of 

overvoltagee caused by energieing underground-caole/ov.rhead~line syst.-s J 

and to illustrate the effect of interchAnging the cable and lIne positionft 

in tne system. Thr.e~ph$ee $Yetema are considered and the effect of varying 

source-inductance value cn these OVf!T"YCl ta.gee is aleo inveatigated. The 

second objective of the paper is to demonstrate the effect on theee oYer

volt~e of applying ehunt reactive-compeneation at either the send(ng~nd 

or both ends of the transmlssion system. For all cases, the three pha6eS are 

assumed to be energised si~ltaneoU8ly. 

2. THE ENERQISATION UP UNDERcao~-CABLE/~{EPEEAD.LINE TRANSMISSION 
SYS'l'OO , 

Vhen a circuit i$ being energised, the actual inataot of energieation 

may occur when the voltage across the circuit-breaker is at or about its 

maximum value and results in the application of a voltage step of the order 

of peak phase~to-neutral voltagE, to the circult being energised,,2,4 t 8. In 

the caee of a cable-line combination this step of voltage is applied to the 

!1rst circuit (cable or line) of the combination and p:roduees a transient 

volt.,. in this circuit which may exceed the original step by a considerable 

margin. The firet Circuit then actS as a source ar~ its transient voltage is 

applied to the second clrcuit (line or cable) of the combination to ,produce 

an even larger transient voltage in that circuit. Thi6 phenomenon ie aome~ 

times referud to as "surge magnification" and Wider eolte cond'! Uone II1Uch 

larger overyolt~8 are producec thar. if one of the circuite is energ1e~d on 

its ovn. The magnitude of the oV6Tvoltage proeuced depends upon the energy 

interchar~e bet~ee~ the two circuits which in turn depends upon the values 

of the iT parl:llbeters~ 

Effect of cable am line pot.itlon in the ener6.ieed GyatelU: 

Consideration cf th~ co;rlitlons at the junction of the line ~nd cable 

will sho .. that because the surge impedance o!" the line ie :rn.lch larger than 
2 '0 

that of t~e ~able, the associated tranemisslon coefficient " at the junction 
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will have a value greater than unity and may approach _ valYe ot 2.0. 

COfU'llequ6:ntly, if th4!! system is energised {u a 1lI1ngle unit) .. t peak 'tOlta.g& 

from the cable end, a travelling vave of almost 2.0 p.u. will OCCur at the 

junction and a voltage approaching 4.0 p.u. will be received at the open

ciJ."(::ulted ene ot the line. 

On the other nand if the system is energised trom the line end, the 

transmission coefficient for vaVe$ c~lne from the line to th. cable 1e 

much less than unity with the result t~~t the voltage at the open~ircuited 

end of the c'able vill have a !ttuch slover vave:front than in the previpus eue~ 
• 

The voltage waveforu obtained 11'1 tht" rird caee are shown in Fig.' 

and those of the second caee are ahoYn 11'1 Flg.2. In both CAeebt the system 

108ses are included which resulted in overveltage valu,s slightly lover 

than these mer.tionec above~ 

2.2 Effect. of source i.rn.f!dance: 

The above results d,re obtained with an infinite source. i.e. when the 

source is of 'Zero impedance or of 10\0.·' resistance value ~ When energising from 

the ca't:le end, this type of BOurCt? resulte in more rapid changee of voltage 

than ariee in the case of energising from an induct~ve source. 

Fig.; ehOW8 the effect of varying the source ineuctance on both the 

~~itude$ and waveshapes of the receivec end volta~. compared with the 

waveforms ef Flg.l f it can be $t'er; t"1at the la..::-get" tr.e source inductance the 

greater is the t.i~e ce~atant of the a5cillat1~n a~d her~e, the lover ie the 

oscilla.t1er. freq~er:oy .:-;i:::h 1$ 5uyerimpc6ed On the source 50 Hz component~ 

Fer example, ~he fre~uency of oscillation i$ over '000 Hz fer 'Zero-inductance 

source, abeut 370 lb for O.O?A H imuctancet ar.d decreaSe!!! te about 62 Hz 

fer the 1,0 H eCUTce. 

on 
Conditio~ not 1$0 atraight ha.:ever, 'Jh€n the ma~illJ\ll': overvoltage mag ... ,. 

r.iturles are ccnflide?"ed. '«hey>?a.8 the !'a:xi.!I'',l.!,.''I'! va.lue of oVl!rvolta.ge ceC'reuea 

'il~h lnc:;e-aa!ng values ':l: scarce i11ductal"'.ce, situations are revereaec with 

~he larger values of source inductance. Th8 reaeon is that, ~~creaBing the 

scurce ir:ductancc beyond a certain value drives !he eystem te go into a ser"" 

ies reaonance ~ith the source lnduc~ance. The reeult is a oontinuoU2 increa~e 

in overvolt.ll.g€ magnitudf" as :he frequency of o2cilla.t1on a.pproache.e the 50 

Hz Vahle. Thle condition it! m.uch clarified .. hen examining the 'Iot'aveforJ:l:l.oe of 

Fig.,(d} vbt;\ined fOT a. 1,0-3 source lrrluctance. 
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~. RliJll1:TION (F OV!EVOLTAGllS BY THE OSE CF S~=--C'UVE CQ!!l'!!!llA'l'IOli. 

Shunt-reactive compensation, particularly ineuctive f have been 8ueceee~ 

fully used to reduce the maenitudee of enar~ifla~[on overvoltgae~ occur1ng On 

1 2.5 r 
overhead inse • To the authora' kncwledgp, h~eyerJ the application of 

ah·,mt .. reactor compensation to ~rfcrm the same duty on ccmpoeite cable/11ne 

transmission 8y8te~e has been given nor,e or little attention. Provided that 

the reactors are co~~~ted to the tranamieeion ~y~tpm at the time of eneTg1-

eation, it is found that a redUction in overyclta~ magnitudee 1s brought 

about. ~heir uee i~ f~Jnd to be ~rticularly advantageous vhen the natural 

frequency of the 80urce inductance and the ~able/line system appra.c~e the 

.'!Iupply frequent;:y value. Thi~ is illustrated by Fig&.4&S where "hunt reactore 

of value 5.09) Reach, correepondin,g tc 100 HYJ,.r ratir.g on 400-ki baais, are 

.:::onnected I!!.t the se~in,g~end and at Doth SeruL100 and rectlivilll Bode. l'€'13p8C" 

tive::"y. Con.;;al'itlon ",ith the results of :rlg.3{d) 8h(]W~ that the !rAXitnum over .. 

vcHQ6e va::"ue is reduced rrom ovar }.6 p.G. for no compensation to about 

2.79 lh U • for 100-1!VJ,r compensation conr:ectei! at sending ... nO f am! to at-cut 

2.04 p.u. for 200-KYAr compensation distrib'..1tec at both ends. 

The uduction in maxill\l.lll overvoltage is illu.atrated furtMr by tho 

cu=ves of ?ige.6 & 11 ~hich show the variatio~ of maximum oV2rvcltage, as 

a Pl?r-cent~ of that cbtained without cC!T!pt'1Wa~iGn. "'ith the SQurcs induc

tar.ce tor the ~&me composite traoemissior. Eyster. considered b2fcre. Th2 

cu.rvee of Fig.6 f<X8 obta"-ned when the whole c0rr.?ensat1o~ l"\VAr value is 

applied at. the :'!e:;ding-erui alone. Theee c!' Fig .... are for t:-te cae~ when 

the compensa.tion mAr val'..le is divided equally l::etwf'en the sending am th~ 

receiving ends of the energised eyete~* 

A.e. it has a.lrea.dy been pointer. <J~tt tr.e ::::\.i..Tvea of Figa. E. aM '! show 

that the maximum :)vervc.ltage t'lagnitude> i!:" re:iucec consider-atly for the 

larger valuel' oj /'lOUIC€ .lnd'..1ct.:..nce: i.e. for tn .. cases .... hen ~,he c.on:in.a.nt 

frequency of the transient voltAg~ ~pproacnes that of the power-frequency 

value. Also, ror all ca~ee considered. th~ percentage reduction in 

tnax.imum Qvenr.l tage increasee alnost 1 in~a.r ly .... i th source indue tance. 

Moreover, 1t may bl; Beer. that, fo'!" the same value of ~;Ar compensation. 

largeor d~crea..ae vn <;v~rv~lte.ge valu~8 are obtaine~ .... n~n the shw.t reactorf' 

a.re o~~trtbut~d equally at both enda rather than CGnn~ctec at one end 

aler ... i'hia fact is ::"calised "ntl'D L"le cottom c'xnre 0: Fig~ '5 is cOnl'PU'ed 

.. itt-. t_M ',01' curve of Fig. 7 f ",here 'the '".ctal cCrrl,;.en:-...at.ic.n fur each cue 
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ammmte to '200 M'V.lr. 

4. ££NCLffi ICRl; 

!t 1~ clear ~ow that energieatlon of a cable/line traoeudaeion system 

as /l eir.gle unit, can ::'ead to the prcducti,?n of overvoltape which may 
• 

under some circu.rnetancee be far nl¢re sever*, than thOf!ll~ ]It''ochlfed in tn...no .. 
• 

m1e4ton circuite consisting of overhead lines alone. Conditione .., greatlJ 

be improved if energisation is taken y::'ace from the line end of the ener

gised system ~hich suggests that there is a beet _nd from which to energiee 

the system. This may hovever not always be poeeible 1n practice. in whieh 

case shu."'lt .. reactor compensa.tion vil~ offV the remed1. 

The results of this 5~udy shew that the presence of shunt react ore 

becomes increasingly important as the parameters of the eo~e. from yhich 

the cabl$/line system is being energised, together ~ith thoee of th~ 

system itself, are of values ~uch that resonance conditione ar. beir~ 

a)'lproachee:!. In these casee. the reauctior. eff.ct impoe:ed by the shunt

reaetive com~~ation on the ~gnitude5 of en~rgising overvoltagea become~ 

cor..eiderable~ 

Mcre·;,wer, the study shovs that, fer the same value of compensation 

)WAr, the red'..tction:"n cvervoltage :na.gnitudes is further inereased,though 

slightly, 1:1 CUB!!! );:here sh:mt reactors are df.strilUted at both enrle: ;)f 

the transmission systec:. thaI: in cae~s hav1ll€ o!11y one end shunt .. compen

eated. 
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rig. 1: Transient voltage at receiving end due to Energisation 

at csble eoc~ MaXlmum overvoltage .... '.45} p.u. 

Notioe: For all voltage w8vefo~ the follOVing identification applies 

• 

Fba.ee , •.•. , •..•. ". '". Ehaae 2 ------- Rw.8. ; 

G3 

-+X'_I~ ____ ~GH~.:=-________ ~~ __ ~ca~b~l~.~~ In!inl te B:B , 50 ,#_ I> /:I 
MlJ 12 k.-;; 
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• 

... --------

Fig. 2: ~aneient volt~ at receiving end due to energisation 

at line end. l".aXl!!lW!1 overvclta.ge !! 2.0 p.u • 
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F~g. 3: Effect of varying the ..eourca inductance on rece1tl.ng-end. 
~rana1ent voltage. 
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Fig. 4: Effect of shunt-reactor compensation at eend1ng·end 
on the receiving-end volta~. Maximum valua .. 2.192 p .. u. 
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Fig. 5: Effect of shunt-reactor compensation a...t ooth semin& and 
receiving ends on the recetvlng-end v~ltage. Maximum 
value := 2.044 p.ll. 
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Fig. 6: MiUimun:. overvoltage as Q. percentage 'Of that without 
cOI'llre-naation. Shunt .. rea;:::tor eempansation connected 
at sending €'nd • 
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Fig. 7: ~xi~ overvoltnge as a percent~ 'Of that without 
compensation. Shunt~rea.ctor CompltMation distributed 
at both ends;. 


