WO 01/ 73796 PCT/ EPO1/ 03625 THREE- PHASE H GH VOLTAGE CABLE ARRANGENMENT
HAVI NG CROSS- BONDED CABLE SCREENS AND CROSS- BONDED WATER SENSI NG W RES

FI ELD OF WiolRl/73SENTI ON The invention relates to a three-phe@reprhi/gh2svol t age
cable arrangenent for transmtting power froma first |location to a
second | ocation over a predeterm ned distance of e.g. a few km 1In

particul ar, iﬁh%?ﬁi éﬁﬁ% 7 } age cabl e
arrangemantTI%/ﬁ%e t he sﬁ%%ﬁt&téﬁ?%ceb ca I%ﬁ%ﬁﬁ%ﬁﬁ@s-goﬁi&%?%@é%

parti cul ar BONDEBN CABLES SCRERNSg ANDO CRDSSRBANDEPaWATER SENSTHG SIRES

di stance. The cables of the cable arrangenent in accordance with the

i nvention also conprise at | east one water sensing wire for sensing water
intrusion into the respective cable. For such a three-phase high voltage
cabl e arrangenent the invention in particular addresses the probl em how

di f f er enEEELD| PEQFHE BNVENAIONhe wat er sensors and the cabl e screens can be
avoi ded wi thout using a high voltage protection device. BACKGROUND OF THE
| NVENTION Fig. 1 shows a typical three-phase high voltage cable

arrangenmeht CAvEaribhapeliatkisng@opewehrbeophaski hstyhl oeatbge Aavtie a second
| ocation B including a first, second and third high voltage cable L1, L2,
L3 for tPRAKSRPENPAY LRE FEspsiitanachrrest §rem saéhrphadecrtign to A

typi cal dj ce . - he_iLadivide c , A2 3 ha

typi cal g%%é@?uggkgﬁlogf%g%ﬁiéh55%pggégﬂgggﬁeag§%§ﬂ%%nO?neF?g.QQ%%Xa
conduct okml [a psutiecuided bhrecadnvestlahi srladtasdtbheuchsul ahrer-i S
surrounded by ﬁiscreen 5 and gn outer coating 6. The_screen WO 01/ 73796

PCT/ EP01PB38251190-YR1GEGE 520165 8T EBRIFBRNGT WASTS0thRpSSREShEs °4 #&2y hi gh

cables are cross-bonded at a particular screen cross-bonding

location at least twice over said distance.

The cables of the cable arrangement in accordance with the
invention also comprise at least one water sensing wire for
sensing water intrusion into the respective cable. For such a
three-phase high voltage cable arrangement the invention in
particular addresses the problem how difference voltages
between the water sensors and the cable screens can be

avoided without using a high voltage protection device.

BACKGROUND OF THE INVENTION

Fig. 1 shows a typical three-phase high voltage cable
arrangement CA for transmitting power from a first location A
to a second location B including a first, second and third
high voltage cable L1, L2, L3 for transmitting the respective
currents of each phase R, S, T. A typical distance is 1-2 km.

The individual cables L1, L2, L3 have a typical construction
of a high voltage cable as shown in Fig. 2. A conductor 1 is
surrounded by an insulation 3 and the insulation is

surrounded by a screen 5 and an outer coating 6. The screen



conductivity of -- 0,017 Qmua. Preferably, the screen is made of copper.
Furthernore, the conductor 1 may be surrounded by an inner conducting

| ayer 2 awm@lot/f839é nsul ati on 3 may be surrounded by an outPET/EROIAI6IS Ng

| ayer 4. These | ayers have |low conductivity and are sonetinmes also called
"sem conducting"” layers. Such a cable xonstruction is typically used for

hi gh vol.tag > - Ighgepe i ncl _udj ree.di fferent
cabl es LicTa?l E%V%[? g&s\éﬁuaévélkn%og??oﬁsﬁ uction %glds%o%ms;% Mh%f 0sses
occur. Thendeidliviasses eaam, e dickifed brdifetami i ypase Swrddy id aes@s that
only occur_if current is flowng in the cable system (current-rel ated

| 0sses) &kdCloPP$Es whi ch are produced solely by the effect of the
electrical field in the insulation (voltage-dependent |osses). The
current-dependent |osses do not only occur in the current-carrying
conduct oFurithsetdor(es ondec taamdwrsses )l iy dbs swsrsondad | ed agdithenal

| osses in the other netallic e|lenents of the cable system 'where eddy and

ci rcul at FRGCGEHES 43 in@Rce Etf deSHRF 1 1 2R BTPe heuFRewedee PYel d of

the currgnt GRILY IRy The sanductor, dossies arg.for exanple Joule
| osses and also due to skin and proximty eftfects. The nost inportant

addi t i onabnkdossésy ide artose « amsetimes el saxial leddusemdootdueeits” i n t he

netallic,screen. Such addi.tional .| osses in the cable sheath, screen and
other  mbeXFFEC i RIS SR R SO B bkt S moRor Haga | ¢

steel fofoarepuws RF O 1pr @xent magnetic reversal |osses, by grounding of
the screens or netal sheaths at one end to avoid providing a closed |oop
for the induction currents, or by a so-called "cross-bondi ng" of the cable

WO 01/73%%6apggk%%p%&Q%%%%ment including three different cables L1,

L2, L3 each having a construction as shown in Fig. 2 losses
occur. The total losses can be divided into two types, namely
losses that only occur if current is flowing in the cable
system (current—felated losses) and losses which are produced
solely by the effect of the electrical field in the
insulation (voltage-dependent losses). The current-dependent
losses do not only occur in the current-carrying conductor
itself (conductor losses) but also as so-called additional
losses in the other métallic elements of tHhe cable system
where eddy and circulating currents are induced under the
effect of the magnefic field of the current-carrying
conductor. The conductor losses are for example Joule losses

and also due to skin and proximity effects.

The most important additional losses are those caused by the
axial induction currents in the metallic screen. Such
additional losses in the cable sheath, screen and other
metallic system components can be reduced by use of non-
magnetic steel for armouring to prevent magnetic reversal
losses, by grounding of the screens or metal sheaths at one
end to avoid providing a closed loop for the induction

currents, or by a so-called "cross-bonding" of the cable



3 sheaths or screens to largely conpensate the induction voltages such
that the screen/sheath current and consequent |osses are mnimzed in
spite of wder/gmé re arrangenent being grounded at both eRPdBEPIIN3bITE
cross-bondi ng techni que the cable arrangenent is subdivided into three
cabl e sections FCS, SCS, TCS and at twd cross-bonding |ocations SCB1, SCB2
the screghg 3nadl r S¥aldLal Inh aennratedoidhdhal dihe irrﬁ@é\%i)bri nduced
sheaths or screen voltage adds up td zero over the entire lengths, as
shown i nvbliregiest soehgrtdiett itheFisgrekn /Siet the chimpres sarde aeseguesd by Egon
F. Peschge and Rai ner._.van Lshau%%p ig E%%gle ?gstens for E%%g and

Ext r a- Hi gR®°V81 Fa§e™ "PIBIES S MEBVéT 1%ag FRYIEEN 3 SO AR g RS 1NGh ges
58-62. PRrOoRnABE &t THiH MWENTI ON The screen 5 surrounding the insulation 3
of the cable shown in Fig. 2 typically consists of a wire braiding,

possi bly -covered with an alum nium | ayer and extruded w th anot her

coating. +Ih | woi.niu r it I re t int.rusi on of

wat er ingg ?Hg #ggggc?%%gmﬁgyg%%h%gg#%%qggéf%%ﬁfﬁFéo e%5§§ of a | ead
coat i ng antdaktrdiedi umtehedired sadbiewsec thiogls \Fald, age gallcoss dnaviang
insulation 3 of crgss- _polyethylene are particularly prone to humdity
problens?r°§§6%°€§5péslﬁﬁéﬁlﬁﬁfeng&erﬁgﬁgnﬁﬁf\ﬁ%ﬁ%ﬁﬂﬁxﬁ R er coating,

si nce th@yeggégﬁg?ee&%@@d Bl LHECRRd QYR 1GAN RIS HUAG Ot he

i nsul ati on r treeing"”. In principle, watér can only intrude into

t he screenreenovhétaper esldsf uphéo calyloe ovfert Hréneowtndri reo dtenug s , i sisdest r oyed
or damage duan%¥ éhe lifetinme of t.he cablﬁ. Such damages can however not
/ . .

be WO 01773786 BoPPE46Ys 9raph 1n Fig

Such techniques are described by Egon F. Peschke and Rainer
von Ohlshausen in "Cable Systems for High and Extra-High
Voltage", Publicis-MCD-Verlag 1999, ISBN 3-89578-118-5, pages
58-62.

PRIOR ART OF THE INVENTION

The gcreen 5 surrounding the insulation 3 of the cable shown
in Fig. 2 typically consists of a wire braiding, possibly
covered with an aluminium layer and extruded with another
coating. The aluminium layer can additionally prevent the
intrusion of water into the respective layers of the cable.

Also the use of a lead coating and aluminium sheath is known.

High voltage cables having an insulation 3 of cross-
polyethylene are particularly prone to humidity problems.
Such cables must have a permanently waterproof outer coating,
since the presence of water in the screen region can cause
aging of the insulation by "water treeing". In principle,
water can only intrude into the screen or other parts of the
cable if the outer coating 6 is destroyed or damaged during

the lifetime of the cable. Such damages can however not be



4 excluded over an operation lifetinme of 30-50 years, e.g. if +the cable is
damaged accidentally when digging the ground. To detect the intrusion of
wat er i nwoovhes7s€reen i Mmediately and to limt the damagkRCT/@8PtiB6xyst em by
an imedi ate repair high voltage cables can be equi pped with electric
water sensors. These water sensors ard typically in the formof water

sensi ng pbeaaladdvihdicaled b 16k 12cRatha bl 39-soThRsE dAlelg sensi ng
h I ture of t

&
wires 6 can be arranged anywhere in the ayered stru e cabl e.

Pr ef er abke kabdenpesidesadedy eccidanitad lyabhes idigatatertisensiagidd res 7
are arranged between the wres of the screen 5 as in particular shown in
Fig. 3. The wires 7 can be arranged in symmetry to the core 1

(di amet r ipgalkykcer chay iberspibal bY waued aneendhdeGUeh Lmmds desoyi bed
by L. Goehlich, W FMngéfeV|j|tprapa and H Vemer in

"Wasser nBAft 5P A§ISEs tEm PamagpELoHsbRs faReRgSakel unediate repair
Bl ektri .ZhESESWoﬁEgé(%?Et%ﬁl‘é%h'ég%ngiegéqu&é%%%) 1 R te]T]éd?t'r:'Lt 1eally a water

nmoni tori Nng~system € detec n-an ocafing of insufation errors as
shown i nsEhgors4 Theskewprevi geflsohAsshmpl eyelieetinivc inetdiad fsmiser i n which
a DC voltage is applied between the water sensor, 7 and the  cable screen 5
and a cuFRERE FPBWIFRE YéheFat'e@ShéfHeeRteAelncdBte <cdkh BiEnd ¢t he wat er

sensor TrhbabNEaecks santaber wik Bk 4Stbal HEULLDSLINE ad At owstam

measure DC currents betweén a water sensing wré 7 and the screen of an
adj acent legblkedi stondénreo ofr dhiedeabdei. o bs effeasinlonenin amessitfor t he

wat er intrusion. ¥%i|sta§ﬂsin e water sensing wi,re 7_1is sufficient, Fig.
3 shows a?€6hf FEaFatPof*ihére VRaEEr SCEEREENY WiSed PR SEWr

redundanp¥tpdbeROsRS. whirgs 2rShows sarbypi 6ahsConnestitafadt hevsables at a
cross- bonding |l ocation where the cross-bonding 1s perfornmed by
Fig. 3. The wires 7 can be arranged in symmetry to the core 1

(diametrically) or may be spirally wound around the core 1.

As described by L. Goehlich, W. Rungseevijitprapa and H.
Vemmer in "Wassermonitoring-System fiir VPE-
Hochspannungskabel" in Elektrizitdtswirtschaft, Jahrgang 97
(1998), Heft 1-2, typically a water monitoring system for the
detection and locating of insulation errors as shown in Fig.
4 can be provided. A simple electric method is used in which
a DC voltage is applied between the water sensor 7 and the
cable screen 5 and a current flow is generated between the
cable screen 5 and the water sensor 7 i1f there is a water
intrusion. Furthermore, the system can measure DC currents
between a water sensing wire 7 and the screen 5 of an
adjacent cable in order to provide various measurement values
for the water intrusion. Whilst a single water sensing wire 7
is gufficient, Fig. 3 shows a configuration where two water

sensing wires 7 are used for redundancy purposes.

Fig. 5 shows a typical connection of the cables at a cross-
bonding location where the cross-bonding is performed by

connecting cross-bonding connection wires SCBCR, SCBCS, SCBCR



connecting cross-bondi ng connection wires SCBCR, SCBCS, SCBCR WD 01/ 73796
PCT/ EP01/ 03625 5 with the screens 5 of the left-hand side cables L1, L2,
L3 and weoszi’eens 5 of the right-hand side cables L1', PCPEP01/A3825 i n
respective connectors (joints) CCl, CC2, CC3. These cross-bonding
connection wires are then led to a cro%$s- bondi ng device SCBD where the

actual c{088- PARILAG B LAl e neOlles WA élrac_f'c%bﬁeé e Crﬁfsa%ondi ng is

carried out wWith respect to a joint where three first section ¢ es L1,
L2, L3 and theeecsee@ﬁd 5sectfi ginec ablobd -hEnd |s'de IBblae Likc'ondett.ed at

t heir copduyctor t he cross-bonding l.ocatiqn ee ot cessarily be at
t hese coﬂguchBr egpﬁftégﬁné:c?fl&e§tor,§l t(élprﬁ)ttisseﬁﬁ,l't g:eé‘bt:’at#gs' ?:]i'hesbee
connect edrarsbLbbﬁatth 2lonnje@itAlbs Wil ragCerdantRAMIldy the Laktsasd-ength
requi renents and the cross-bondi ng can be carried out by opening only the

cabl e i nBARginendgid cpe S hivRgrehdher dirﬁgssﬁm@amm |<§arcs¢1ee e

nmechani c co on_o C u b J Ol ﬁnP I,n Fig. 5
and Fig. 8&F'awﬁ§%r§ltcgrﬁln%‘c%rs5 ;&21 %trg) act O%t%%glhsg & entiTe extension
of the cablsp_eatr angeny ot ntth erh eweat ahmnfim@twisree&lbr( tosblage Ishowe as an

exanple in Fig. 5 run parallelly to e conductaor 1 and sinply run
t hr ough Pﬁeange%‘é@?l FELHC EECtERE 8?593§Sb813rd|'n 2f thhe $%ens is carried

out SUCthHﬁEcEQG s€reeriof coabhethbls A, SedHd @}d:sgsbdrﬁil f{:fé M th the
screen of the cable LI in section SCS ‘and the screen o e L1' in

sect i on 8€8di sotoneeetedniilyhbet b $tesen cohdeatiloe JKinin cxemecdmr'&s e.g.
Fo add uf FRERHAUELN v ST Eagey ERUS B Be T AU G KR I%ebes n the
screen. Hewa¥8r inahseokdahle WAL thensbMle length requirements and

the cross-bonding can be carried out by opening only the

cable insulation and performing the cross-bonding

independently of the mechanical connection of the conductors-

at the joints.

As shown in Fig. 5 and Fig. 3, at the connectors and in fact
throughout the entire extension of the cable arrangement the
water sensing wires 7 (two are shown as an example in Fig. 5)
run parallelly to the conductor 1 and simply run through the
respective joints. The cross-bonding of the screens is
carried out such that the screen of cable Ll in section FCS
is connected with the screen of the cable L1l' in section.SCS
and the screen of cable L1l' in section SCS is connected with
the screen of cable L1'' in section TCS e.g. at respective
joints or elsewhere along the extension of the cable allows,
to add up the induced voltages thus preventing currents and
losses in the screen. However, also in the water sensing
wires 7 voltages are induced by the currents in the
conductor. To not destroy the insulation of the water sensing
wires (as shown in Fig. 3 the water sensing wire is a Cu-wire
with a polymer insulation) and the outer water sensing .

circuitry (see Fig. 4) the inventors have recognized that the



wires 7 voltages are induced by the currents in the conductor. To not
destroy the insulation of the water sensing wres (as shown in Fig. 3 the
wat er semeong73wée is a Cu-wire wth a pol yner insul ati or¢T/EARE/EBKS out er
water sensing circuitry (see Fig. 4) the inventors have recogni zed t hat
the WD 01/ 73796 PCT/ EP01/ 03625 6 diffefence voltages between the cable

screen ang 4He Wl &lvo BEASE H D€ Nok 91 e eXCEELh SONR &= Mradde causes

of such difference voltages between the cable screen and the water sensor
are: i ndistdiory woltegsheisl & nals xcedd tdrme at@dv cufhrercauses the soaduct or s

of the cables; __inducti.,on voltage as resulf of a short._circuit, current
inthe c?ﬁ%fﬁ%%ﬁ?c%n‘ﬁoi%a}%%Ilf%e%v%ée c%%osfe% Y TR g &R T here i s a
connect i erdgprovwerdiead wires. Wil st such i nduced vol tages and the

el ectrical losses as a result of the electrical properties of the screen

are small when using short cabl e connections and cables wth small
conductor. cross sect.ions (t.he difference -volt bet ween the screen and
the water sensi da’léﬁlroen ivscglstrraaqﬁ )ast He r|ensvueln o?égcerh%\ffeg‘fee(%oc@fﬁrz%ttﬂt

signi ficant didderencRimaltiages el veghled he screen and the water sensor
occur at great length of the cables, even if the losses in the screen with
groundi ng t he irsbrasm atolimde el (se1lR f B sherpreventied dyritdrt
cross- bonding of .the screens. In particular at the joints (connectors)

| arge vol tageg‘rbct&'tﬁ RV C:r%:e ect (fo the water sensing wires. Furthernore,

of cour sg i Nduged ol HAYER AL LRis RS SEARINYIHES, GRS, I NCorT ect

nmeasurenent results 1n~ the water nonitori ng system and may even ead to a
damage of connection to overhead wires.

Whilst such induced voltages and the electrical losses as a
result of the electrical properties of the screen are small
when using short cable connections and cables with small
conductor cross sections (the difference voltage between the
screen and the water sensing wire is small) the inventors
have recognized that significant difference-voltages between
the screen and the water sensor occur at great length of the
cables, even 1f the losses in the screen with grounding the
screens at both ends (see Fig. 1) are prevented by the cross-
bonding of the screens. In particular at the joints
(connectors) large voltages occur with respect to the water
sensing wires. Furthermore, of course induced voltages on the
water sensing wires cause incorrect measurement results in
the water monitoring system and may even lead to a damage of

components therein.

To prevent a countermeasure against induced voltages on the
water sensor wires, conventionally additional components like
excess voltage protectors in the form of semiconductor
switching elements (e.g. TRIACS or thyristers) are used.
However, such excess voltage protectors can only prevent

excess voltages of short duration with limited power.



conponents therein. To prevent a counterneasure against induced voltages on
the water sensor wires, conventionally additional conponents |ike excess
vol tage pvoostt7e6s in the form of sem conductor sw tchi nBCPERMANIGE (€. g.
TRIACS or thyristers) are used. However, such excess voltage protectors
can only prevent excess voltages of sfAort duration with limted power. WO
01/ 73796ghEARROdFOBERD TNTENDIMMARY OF THE | NVENTI ON As descri bed above,
even if the connectors (joints) are well designed to mnimze as nuch as
possi bl e the generation of induced voltages on the water sensing wires and
even whe LNng. e | t pr. at or re sti.ll. I\Sts. the . problem
of the ggﬁegé%?gﬁség %?Sﬁgdi%%%Peﬁge%é%lF%Sgéggg?ﬁeéHOlpﬁébmégﬁiVﬁ%ﬁSors
and ot hedepaithedotot hentablkze, ae. guchheas poseddlewtheh geaieitil® of
satisfactorily be avoided with conventional excess voltage protectors, in
parti cul ARA4EedgveatapesgPR e W tEXhFENE I InYamERt 3NFh&NEo et he obj ect
of the igyepti 8fckss! go@rc%bdgr%tte%%%-sph%%ﬂ@ gh;val Lagecabhe arrangenent
in which high difference voltages between the water sensing wres and

ot her paptrsbbémt b€ thel gearrasionded Wwithodt fiferenceaddilttogres bedweement s

| i ke excess vo|tage protectors. . SOLUTI OE THE CT This ject of the
i nventi oh”Fs"&5fved® Efgﬁnﬁfﬁ 8§h§rtPF5§§ ﬁﬁaggehggﬁ ol fade g%%1e
arrangenggtefAl haBENELHNWBE PevwehtikFamrariilksSbel agaticed tQta second

| ocation including a first, second and third high voltage cable, each high

vol t age eabventhanphgeaceshduelspdan@ratecitoss wasr epmtilelser @éns are
cross-bopded, tyLee QVEE $@ld di$Lance gt RaLL! cul ar cross-

Therefore, the object of the invention is to provide

- a three-phase high voltage cable arrangement in which
high difference voltages between the water sensing wires
and other parts of the cable are avoided without using

additional components like excess voltage protectors.

SOLUTION OF THE OBJECT

This object of the invention is solved (claim 1) by a three-
phase high voltage cable arrangement for transmitting power
from a first location to a second location including a first,
second and third high voltage cable, each high voltage cable
having a conductor and a screen wherein the screens are
cross-bonded twice over said distance at particular cross-
bonding locations to cancel out the screen voltages, wherein
said first, second and third cable each comprise at least one
water sensing wire for sensing water intrusion into the
respective cable and said water sensing wires are cross-
bonded twice over said distance at said cross-bonding
locations wherein the cross-bonding of the water sensing

wires is performed in the same cyclic order as the cross-



bondi ng | ocations to cancel out the screen voltages, wherein said first,
second and third cable each conprise at | east one water sensing wire for
sensi ng wader/7i7ad rusi on into the respective cable and saPdT®EBRUIE36%ensi ng
Wi res are cross- bonded tw ce over said distance at said cross-bondi ng

| ocations wherein the cross-bondi ng of 8t he water sensing wres is

per f or ntedohfi hieosalBeCYelrbenel ¢8F canickhe otioas rPerR L3794 tBgHLEP01/ 03625
8 bonding of the screens to cancel out difference voltages bétween the

wat er sehsbweahr 6beanwd telie sealsios ydresnend Abeordbidg tsereemsi.nvention, in a
cable arrangenent with cables including water sensors e.g. in the cable
screen and wth cyclically cross-bonded cable screens, it is suggested to

cross- bondcbbaingt eo seesapveintésn,ninhe sakeecuelbegender wisH he cable
screens. If_the water sensors are cross-bonded in the_sanme manner as the
screens @fPLeFeABElVEIREgYE tEEN SEESOEENSI- Sty &6 gadlseErE@sn R&at er

sensing Wk LAScP0d; LAP1,S LR HIARCEN 0851800 A0,LOCAL! 9US LR AT A T anged

at the joints or any re along the extension of the cable rangenment
where the cabke-boatli hpel wagpenednsor eriess- handhegsaPeefogicdllcy oratereach

cr oss- bondi |l ocation a first, second ,and third pair of water sensin
hire or 088 bURAPRELEORAEEERSn TEatt8e YA SRASOES] et FEORG- POBRERL | vo

wat er sensi pHeWsERS maRded Bisf $he %%%@@QsaagfEa&eﬁc%C%%QQa@%ES%aEO@Q ng

connection cable is connected with the respective screens of the
respect i ¢empapresy Fneidetebeswesingh@i waterossngondi wgresomndctthen cabl es
and the sgreen cross-bondi ng connection cables are preferably connected
with a water sénsing wire cross-bonding device and a screen cross-bondi ng
devi ce.

The cross-bonding locations can be arranged at the joints or
anywhere along the extension of the cable arrangement where
the cable coating is opened for cross-bonding.

Preferably, at each cross-bonding location a first, second
and third pair of water sensing wire cross-bonding connection
cables are connected with the respective water sensing wires
and a first, second and third screen cross-bonding connection
cable is connected with the respective screens of the
respective cables. The water sensing wire cross-bonding
connection cables and the screen cross-bonding connection
cables are preferably connected with a water sensing wire

cross-bonding device and a screen cross-bonding device.

The water sensing wire cross-bonding device and the screen
cross-bonding device can be arranged into different cross-

bonding boxes or in a single common cross-bonding box.

Further advantage embodiments and improvements of the
invention can be taken from the dependent claims.
Furthermore, it should be noted that the invention can

comprise embodiments which result from a combination of



The water sensing wire cross-bonding device and the screen cross-bonding
device can be arranged into different cross- bonding boxes or in a single
common cve@st/geei ng box. Further advantage enbodi ments ROUEPoM3625enmeNt S
of the invention can be taken fromthe dependent clains. Furthernore, it
shoul d be noted that the invention can9 conprise enbodi nents which result
froma cosbkaabhosegh NOAY 3L REH EROHBGZR S fealesRgRas at el y
described in the specification and/or clained’in the clains. BRI EF

DESCRI PT¢GRi@pd THE DRAWCNGSTEI.g. 1 shows a cabl e arrangenent where a
cross-bonding of screens is perfornmed at two screen cross-bondi ng

| ocati ons according to the prior art; Fig. 2 shows a principle cable

const r ucsRonr ObesbRTL@DONS OFS e DRAWAENGS 2, in particular incorporating
water sensing wres enbedded in the screen; Fig. 3 shows a cable
construction as in Fig. 2, in particular the provision of two water
sensing yigesy arranged Bebupen Lheawhoas ef \ASE eel Jdnchahiya 2 bl ock
di agram of "a water nonitoring system “according to thé prior art;” Fig. 5
shows the connectisoreénscisepeeifossieblondi ngo cameett icawse-emdng
respective joints of the screen-&noss-bogﬂin% l.ocations shown in Fig. 1;
Fig. 6 shows a ci rt@f#cdPRGr aAFPEFLPEr £8r Mg PE1eF08< hondi ng of cabl e
screens as well as water sensing wres at a cross-bonding location; Fig. 7

shows a simlar diagramas in Fig. 5 however conprising additional water
sensing WMige 2rossshows a principle cable construction of the cables

shown in Fig. 2, in particular incorporating water

sensing wires embedded in the screen;

Fig. 3 shows a cable construction as in Fig. 2, in
particular the provision of two water sensing wires

arranged between the wires of a screen;

Fig. 4 shows a block diagram of a water monitoring system
according to the prior art;

Fig. 5 shows the connection of screen cross-bonding
connection wires at respective joints of the

screen-cross-bonding locations shown in Fig. 1;

Fig. 6 shows a circuit diagram for performing a cross-
bonding of cable screens as well as water sensing

wires at a cross-bonding location;

Fig. 7 shows a similar diagram as in Fig. 5, however
comprising additional water sensing wire cross-

bonding connection cables;

Fig. 8 shows a screen cross-bonding device for cross-

bonding of the screens;



bondi ng connection cables; Fig. 8 shows a screen cross-bondi ng device for
cross- bonding of the screens; WO 01/73796 PCT/ EP01/ 03625 10 Fig. 9a shows
a top vi ewoof/7\9evat er sensing wire cross- bondi ng devi ce POT/ERo1086250b0ndi ng
of the water sensing wires; Fig. 9b shows a side view of the water sensing
W re cross- bonding device shown in Fi g0 9a; Fig. 10 shows a cross-bondi ng
box used g#iqf. PR{f Ordidigs & E8Serdpsl g wfrdhes el By SeNst ngrykges as vel |
as the screens of the cables; and Fig. 11 shows a cross-bonding | ocation
with a device for Dauting danicheweramscriosdijondhgclamdvateger  sensing
W re cross-bondi ng connection cables. In the drawi ngs the same or simlar
ref erence nuneral s Sc?enné(}ten(-:'gt V%%%e%’arre or simlar parts throughout. PRI NCI PLE
OF THE | NVENTI ON Hereinafter, the principle of the invention will be
described wth reference to Fig. 6. In Fig. 6 a cross-bondjng |ocation CBL
of the i Ri¢htidR ciXs & ratRremY O ('ISHRHET SR NS BhEe HoiE Sy

| ocation correspoRds,d; éi}feﬁcgéaegh&&p%% qQLrHj_i ng, J ocations SCB1, SCB2
shown in Fig. 1. The cable arrangement CA conprises first, second and
third high voltage cables L1, L2, L3 and each high voltage cable has a

conduct or_,(not, sho , _a Screen angd at . | east one water_sensing wire 7.
As expl aiFrJré% zibcgve\ggot"‘ﬁ arecf%orse%'g?aort(ﬁrﬁ &O%,uﬁﬁé)cfﬁ? RETEXTRI Shat er
sensing wires 7 calyrdss-padded di @achoabl e OMRY 8FirdSra Rt s

overvi ew WO 01/ 73796 PCT/ EPO1/ 03625
the screens of the cables; and

Fig. 11 shows a cross-bonding location with a device for
leading out the screen cross-bonding and water
sensing wire cross-bonding connection cables.

In the drawings the same or similar reference numerals denote

the same or similar parts throughout.

PRINCIPLE OF THE INVENTION

Hereinafter, the principle of the invention will be described

with reference to Fig. 6.

In Fig. 6 a cross-bonding location CBL of the inventive cable
arrangement CA is shown. Such a crbss—bonding location
corresponds to the screen cross-bonding locations SCB1, SCB2
shown in Fig. 1. The cable arrangement CA comprises first,
second and third high voltage cables L1, L2, L3 and each high
voltage cable has a conductor (not shown), a screen 5 and at
least one water sensing wire 7. As explained above with
reference to Fig. 3, of course, several water sensing wires 7

can be provided in each cable, however, for a better overview



11 of the cross-bonding only one single water sensing wire 7 is
respectively illustrated. Furthernore, of course, it wll be appreciated
t hat t hewaot/raspondi ng. | ocati on CBL where the water senBCTVEPW3es and
the screens are both cross-bonded in the sane cyclic order is provided
twi ce along the distance between the fikst location A and the first

| ocationoB. thr tc&%rs@mb%n@%(?alosﬁy%mea@le@lea%@r tden £1:0§ SwPPady NPs

| ocation CBL nay be arranged at the respective joint where the conductors
are j oi ng@spectavedy ildamtedtafswhere al ong the length of the cables in
whi ch case the outer coating and respective other |layers of the cable
construction is opened to allow access to the water sensing wres and the
screens. FArthkemoress-dforaiuigd,odat wdrn 1CBle tdpersarieansd ashael thas t he

wat er sensing wire of the respective cable L1, L2, L3 are separated._in
order t 0 CRFFGRPOREI S QISR &BITHIET Sattheh a7atGTosIeOHMY N F @€ a2 70n CBL

the firstpcableded,shagPMhdile drefds-ihRd i lide |&lde SGFELNC 534-dé19dﬁht§

first left water sensing wre 71L and on the right side a first rig
screen 5pRosmded thilcst aliogiyt teet el stemsiendpatiweery e Siim$tarlycathensecond

cable L2_has .a,secqnd |l eft and second right screen 52L' 52R nd a
respect i e388ch %éﬁtaﬁﬂ)%%d'ﬁq t%Prg%ﬁﬁHW&% & 1t .‘—’]‘Jr%e? hi rd
cabl e L3zha%el, ePRC N SHRRNNIPAlocarIRn aHl Waherosenstgoaires s’ 73R
A wire cross-bonding device WCBD is provided for performng the

cr 0ss- borgisRgChiivet e imdt ehayendhey opndes taxd arsriswmmed oos-dondbag devi ce
SCBD is praovided _for.perfaqrm e nt i |_screen, £raossrbonding. As
shown i nEEF\é.tgg &Y eétj’evmarlregnrcé?otgn%- t%‘o%(rgllg;:lcﬁlg O(f(e)\r}:l%cee %ﬁ%% e “?@ %f‘?arlss% wre
71L i s caheeocledrwicol tibry seebhidsdeghti Wi llther layers of the cable
construction is opened to allow access to the water sensing

wires and the screens.

At the cross-bonding location CBL the screens as well as the
water sensing wire of the respective cable L1, L2, L3 are
separated in order to allow the cross-bonding. Thus, at the
cross-bonding location CBL the first cable Li has on the left

side a first left screen 571, and a first left water sensing
wire 711, and on the right side a first right screen 51 and a
first right water sensing wire 7qg. Similarly, the second
cable Ly has a second left and second right screen 5957, 59g

and a respective second left and right water sensing wire

71+ 72r. The third cable L3 has respective screens 531, 53y
and water sensing wires 73y, 73r. A wire cross-bonding

device WCBD is provided for performing the cross-bonding of
the water sensing wires and a screen cross-bonding device
SCBD is provided for performing the conventional screen

cross-bonding.

As shown in Fig. 6, in the wire cross-bonding device WCBD the

left first wire 7q7, is connected with the second right wire



WO 01/ 73796 PCT/ EPO1/ 03625 12 72R The second left wire 72L i s connected
with the third right wire 73R The third left wire 73L is connected with
the firsvooi/gdmwewire 71R Preferably, to add further proP€TEP@OM3625SUr ge
arrestors AL, A2L, A3L, AIR A2R A3R are provided between the respective
wres 71L' 72L' 73L and the screens 5102, 52L' 53L and the wires 71L, 72L'

73R and {i’/E'ﬁ.S%ﬁéegécoﬁ&Rle§%Rwi§%R’7_ ffuql.% oSy AR IRUNGS R restors
for 200V°"In the screen cross-bond? g device SCBD the first left screen

S51L is cpnpgret pdrwl Yhot henseedRedr et sareeys52Rs tdereeaqnd wiltef teiscr een
52L is connected to e third left screen 53L and the third right screen

53R i s cohnect edgha wheef 7Thgt. Pirgiieraddyeercbbdd Aurddicar rAGECctASR;, AS3

can preferably be connected as additional protection devices between the
first réghpeserzestdbIR, A52R A53R aad.gPomnd A2BuckRaw et arowiglede surge
arrestors for 5000V. As can be seen fromFig.6, according to the principle
of the bPAVEAREROKNSt KESRECELVSHWITRE VilLes '21ar & 3dr 3§l EF49ehe  same

cyclic order as the cross-bonding of _the screens. By . this nmeasure no
differ enEéLvoﬁtzégega@cﬁPé‘ BEEwIanend 1T ndow: dU3iR ﬁéﬂﬁtst% SHESUDI es L1,
L2, L3, e.g. between_th ensi Lre d SGY. Fl RST

EMBODI VERFF Fi 5.2&*7 BRBus Sich Pereatss %rr:é’%‘t B S'H'l}gel %‘vrgﬁet%?ﬁ?ﬁfsmfeoﬁg t he
cross-boggpfpg i n accordance with Fig. 6 takes place at a joint where the
three cables L1, L2, L3 are joined at their <conductors 1. R S, Tin Fig.
7 respectively correspond to the R, S, T phase of the three-phase cable
arrangen%gttgé'sgggg%/z%g%g— ggéggglﬁgég%% SCBD the first left screen

511, is connected with the second right screen 55y, the second
left screen 591, is connected to the third left screen 531, and
the third right screen 53y is connected to the first right
screen 51r. Arrestors Agy, Agpy, Ag3 can preferably be

connected as additional protection devices between the first

right screen 51g, 52r, 53r and ground. Such arrestors can be

surge arrestors for 5000V.

As can be seen from Fig.6, according to the principle of the
invention, the water sensing wires 7 are cross-bonded in the
same cyclic order as the cross-bonding of the screens. By
this measure no difference voltage occurs between the ]
individual parts of the cables L1, L2, L3, e.g. between the

sensing wires 7 and the screens 5.

FIRST EMBODIMENT

Fig. 7 shows a first embodiment of the invention where the
cross-bonding in accordance with Fig. 6 takes place at a
joint where the three cables L1, L2, L3 are joined at their
conductors 1. R, S, T in Fig. 7 respectively correspond to

the R, S, T phase of the three-phase cable arrangement CA.



13 The designations of the screens 5 and the wires 7 correspond to those
showmn in Fig. 6. In Fig. 7 the joint is nade of three connection parts
CCl, CC2w@@B73é ch can be part of the joint for joini ngPp€CherPedasct ors 1.
However, it should be wunderstood that the cross-bonding |ocation CBL shown
in Fig. 7 may also be |ocated el sewheri8 along the line, i.e. not at a

joint butogk éeEQSﬁétQBnEhSEethEeseyééﬁsCQaEhagtﬁE &Q%esr@SE%EQégbd%%P|es

L1, L2, L3 is opened to allow the connection of the connection cables
SCBCR, SCBGSEh&8EBCFhown EngFig.t he LnrEigscieghecopnett isnmesls @ £SCBCR has

its condugting | ayer connect th left screen 51L and ,ts core
conductorgﬁ5ﬁﬁe8?§ °th lPﬂePPFEEt&gﬁghﬁcé éé% IR Tﬁgnsgfbﬁﬁrgcp e he
connecti opocabl eoSCBESNNAgS tReacshaubabrsf ashiieRegernesiedhiot:g sccerducting
| ayer to the second |eft screen 52L and has its core conductor connected

to the se@@ﬁ@rSFPQﬁttbéFeEhGSQFPSFUPPﬁ@#ﬁEréocﬁﬁéoﬂhpﬁé sbowan 18ofd€ot i on

cable SCBET hgs.iLs GONYUGLEDG Laxerncoangshad LaotAeqthid, | et sorgen

53R and re con connec right séréen

addi tion, jbhﬂtebateapravndedtihne@hpaerShefomtee coentact odn thabl es RL, RR
SL, SR TL, TR A first_wre_ connection cable RL of _the first pair has its
core condGeFBRCtiBANEEPLASt Bl hk2fi k3t TFePPeRPFet?1R14RY KES its conducting

| ayer R!—%BHH%@EESH be the Ebhabcbebh 85b¢e8 §éia<:RTh9cﬁ§%0n@c3we
connection cable RR of the first pair has its core’ conduc¢tor RRC connected

to the first rlght wire 71R and has its conducting |ayer RRS connected to
the first n the s se ond Wre

t
connectioﬁrlgégr: Sgﬁesﬁgﬁﬁ ESHﬁ@EtEBnP8n?ﬁ8n388§28 ﬁgékRs Féeﬁ Sand
W res andcbaatbeisgcoagderi gbhnsete@nsoafleWriese LkkeWss®een 541, and

its core conductor connected to the first right screen 51gy.

The second screen connection cable SCBCS has in a similar
fashion connected its conducting layer to the second left

screen 551, and has its core conductor connected to the second
right screen 59R. Furthermore, the third screen connection

cable SCBCT has its conducting layer connected to the third

left screen 53R and its core conductor connected to the third

right screen 53R.

In addition, there are provided three pairs of wire
connection cables RL, RR; SL, SR; TL, TR. A first wire
connection cable RL of the first pair has its core conductor
connected to the first left wire 71r, and has its conducting
layer RLg connected to the first left screen 5711,. The second
wire connection cable RR of the first pair has its core
conductor RR. connected to the first right wire 71y and has
its conducting layer RRg connected to the first right screen
51r- In the same manner the first and second wire connection
cable SL, SR are connected to the second left screens and

wires and to the second right screens and wires. Likewise,

the two wire connection cables TL, TR are respectively



the two wire connection cables TL, TR are respectively WO 01/ 73796

PCT/ EPO1/ 03625 14 connected to the third left screens and wires and to the
third ri ghos1/svpeens and wires of the third cable L3. ThePCT/EPSI0363econd
and third pair of water sensing wire connection cables and the first,
second and third screen connection cab#es SCBCR, SCBCS, SCBCT are

connect edowhbltaCL@STHROMNING A8 GRrAhMdrda RE Pl Alpad, witd further
details below, the cross-bonding device can be provided in two separate

cross- bohdirdg rbokés fsowraesspaatd walsescrads Stisoridiing ofalilve it éfhe sensi ng

w res and.of .the screens.. Alt. ti.vel si.ngl e .cross-bondi n oX_can be
used to %tlar9 grmgéaf:%ﬂl g?lléiofs}ﬁl?r({]%ealre\;va%fer“%steeﬁs%renvﬁlrn é‘fldfses-aoocfﬁ%% 4hd the
screen ceablebosgidnghenfiichyt, npreaves] tdiel iviedanee-d@at dumgcthius will be
explained below with reference to the enbodinents in Fig.8-10. The
connect i 6AP¢86 €SBRR, RRBCS,, SSRCTrarergonggstRd sugdsa axper kb

coaxi al ae@%%é-. we{anabht &40 0024 3l AR ESnSI A shav e, fondygt or

core which has the sane wave "I npedance as the water sensing wres and the
scr eens, crpespeondieby deBy dehicsirmises yevitdeagl élnl it weares-aore tdreabl e
screen are not reflected with respect. to the ter, sensin wire and there
will not PBBIGBACPRTEE A ek CoBEIOMElTe CHRAVBEILAG &t 4 Yt She cabl e,
SECOND ENBERE NENTiresFhgda 2 rShows i Riodinmd-Rft ikhe SCrLai ffiess- bondi ng
device SCBD for performng the cross-bonding of the screens of the three
cabl es L¢ropg-bpading deewmeaim e gisegl tcheesviceen sigrddsrmmuiing Wevi ce
SCBD has e_farmof a.box includi .2 housing SCBDH and insertigon parts
il R s SR CRR B b R

cabl es SEBCRh improves the impedance matching. This will be explained

below with reference to the embodiments in Fig.8-10.

The connection cables RL, RR; SL, SR; TL, TR; SCBCR, SCBCS,
SCBCT can be coaxial cables. Preferably, the coaxiai cables
should have a conductor core which has the same wave
impedance as the water sensing wires and the screens,
respectively. By this measure, travelling waves on the cable
screen are not reflected with respect to the water sensing
wire and there will not be generated an excess voltage

between the strands of the cable.

SECOND EMBODIMENT

Fig. 8 shows an embodiment of the screen cross-bonding device
SCBD for performing the cross-bonding of the screens of the
three cables L1, L2, L3. AS shown in Fig. 8, the screen
cross-bonding device SCBD has the form of a box including a
housing SCBDH and insertion parts RI, SI, TI into which the
respective screen cross-bonding connection cables SCBCR,
SCBCS, SCBCT are inserted, e.g. clamped or otherwise fixed.
On the inside of the housing CBDH the conductor cores CR, CS§,

CT and the screens or conducting layers SR, S8, ST are



SCBCS, SCBCT are inserted, e.g. clanped or otherwise fixed. On the inside
of the housing CBDH the conductor cores CR, CS, CT and the screens or
conducti moObay¥pee SR, SS, ST are WO 01/ 73796 PCT/ EPO1/ 036RP6T/ERH/BKIF0Sed.
Furthernore, connection rails RAR, RAS, RAT are provided to connect the
conductor cores CR, CS, CT and the scieen SR, SS, ST as principally

| ndi cat e%ﬁ;ﬁbé&f G drmt & r@éﬂﬂél:t’:l'cﬁz i laad S, feirt[zﬁlf ré{@dlaéc;bRAR

connects t he conductor core the screen ST of
SCBCR. Therseckmwl traidorRASt cidnmemrsdttdtensezmms &R .e Clﬂ),ndlibtamd Chaof the

second cabl e he screen. SR .of t f| r cabl.e
Furt her nnsrcé:e?rh%t hl% c%ﬁr?e%tﬁ’%]rflcfjaﬁaﬁ ltrhetl'fehlcfjdrc%t? e
conduct orgiGh@m tike Hiy r & cabl e SCBCR wi t h the screen SS of the second

connection cable SCBCS. The first, second and third rails RAR RAS, RAT can
have the form of elongated plates and are pref erably made of Cu. The

pl at es arng, fturtg'uer %"}[Let?tféjl a%ipfh&{}tvcoéstacqgeg‘roq{ %Rq}/f O\/PT

whi ch ar e €onnect éd 1o gr oun term na not Shown i T

8) . Theselwesorddrag®r ¢@f ofleet iird aratespETBAR. tThee mcnhi ard EStRAS ASl
AS2, AS3 shown in Fig. 6. The overvo]tage protectors OVPR _OVPS, OVPT are
provi ded GG e I&??ﬁqnci rEHES SFROPFIUr &R T R FREOMEIGRRIE t he

SCreens afh At Al S QNS N M &eSsH A Ml Us 8! Qup tdesdis@akdown vol tage of

the insulation of the water sensing. wre. As shown In Fig. 3, the water
sensi ng \Aurehesrmorsyr ricn daul 1y @mqtiicui aiaiihﬂﬂatqcuméca@/serthe‘rhehlrd

connect | GIP Tt SRS TRy b G HAT At Vol {0 ST FELHbdtd & ST other

and with dﬁ&ﬂf@tsé&r{d‘%onnectlon cable SCBCS.

The first, second and third rails RAR, RAS, RAT can have the
form of elongated plates and are preferably made of Cu. The
plates are further connected with high voltage protectors
OVPR, OVPS, OVPT which are connected to ground at the other
terminals (not shown in Fig. 8). These overvoltage

protectors correspond to the search arrestors Agi, Agy, Ag3

shown in Fig. 6. The overvoltage protectors OVPR, OVPS, OVPT
are provided in order to limit transient difference voltages
between the gcreens and water sensing wires to a value below
the breakdown voltage of the insulation of the water sensing.
wire. As shown in Fig. 3, the water sensing wire is

surrounded by a particular insulation layer.

The individual connection plates for connection rails RAR,
RAS, RAT in the connection box SCBD have a withstand voltage
with respect to each other and with respect to the
environment which is larger than the break down voltage of
the sheath voltage limiters as well as the test voltage to
measure the tightness of the sheath which is in the range of
some 1000V. A typical voltage for the DC voltage test
regarding the tightness of the sheath is 5kV. In this



environment which is larger than the break down voltage of the sheath
voltage limters as well as the test voltage to neasure the tightness of
the sheatowhizobe is in the range of sone 1000V. A typi caPCvePtiage2sf or t he
DC voltage test regarding the tightness of the sheath is 5kV. In this WO
01/ 73796 PCT/ EP01/ 03625 16 connectionli& should al so be noted that the
connect i adbrgadteson Rl Sibull, abE &, ndBedSEBER +BEBEdnnecBEbnneedadf or

the connection between the cables and the cross-bondi ng box have a

wi t hst andRlvol RRugeSinhi Thi i Bl saf; aB8CBREB cORAEEL | 6ABLEI needrARIORASheRAT.
TH RD EMB . Fi o] a di gen f N ss-hondi

devi ce 5M§gﬁggkgﬁagﬁ%%$l%ﬁ?n§?§g§gdéﬁ§ FF%.C%EQE¥%9%8§555%F%é%%8%9 Vi ew
and Fig. dwithacanidSsebesde onalchi ew sera &xonheheohekictiion Fag.ls9a. The
wire cross-bondi ng device WCBD has the formof a box and receives the
wat er serf¥gt A% #5s- bondi ng connection cables RL, RR SL, SR TL, TR
These cables are fixed at the housing 9 by neans of a screw 11 and a nut
12. Each cross- bondi ng connection cable is fed inside the housing 9 to a
respect i VEHIRD{EMBODENENTr PCRe, PCSe, PCTe; PCRr, PCSr, PCIr each

i ncluding a conductor board 14, e.g. a printed circuit board PCB. The
printed circuit board 14 is elevated fromthe ground by neans of the
screws 20rand gh SEREE £h EmPd8iASnt SBEWBhENWEKE. c®BssThenplingt @dvGidecui t
board 14 carries two clanps_ 18, the excess voltage protectors 15 (nore
preci sel YWEBR ascrekemsylol ¢abby prodéectbed ARLFig2 6-ABLg-APR iA2RheAIRPas

shown in'fg, 9a) 52 ShOLts &1 LCHiLR MECLOSLYTI Dch Seekelbh 2L 1ert

in Fig. 9a.

The wire cross-bonding device WCBD has the form of a box and
receives the water sensor wire cross-bonding connection
cables RL, RR; SL, SR; TL, TR. These cables are fixed at the
housing 9 by means of a screw 11 and a nut 12. Each cross-
bonding connection cable is fed inside the housing 9 to a

respective plate connector PCRg, PCSg, PCTg; PCRy, PCS,, PCTy

each including a conductor board 14, e.g. a printed circuit
board PCB. The printed circuit board 14 is elevated from the
ground by means of the screws 20 and distance elements 19

shown in Fig. 9b.

The printed circuit board 14 carries two clamps 18, the
excess voltage protectors 15 (more precisely the excess

voltage protectors Air. Az, A31; Alr, Azr, A3r as shown in
Fig. 9a), a short-circuit plug including a socket 17 and
short and long cross-bonding wires CBRj,. CBSp,, CBTy,; CBRg,
CBSg, CBTg are respectively connected with the left and right
clamps 18. The cross-bonding wires correspond to the

interconnections shown in Fig. 6. The bottom mounting board

13 is mounted to the housing bottom wall by means of screws



short and | ong cross-bonding wires CBRL. CBSL, CBTL; CBRS, CBSS, CBTS are
respectively connected with the left and right clanps 18. The

Cr oss- bowdd ng73wwé es correspond to the interconnections shOWEPIIN3FIS]. 6.
The bottom nmounting board 13 is nmounted to the housing bottomwall by
means of screws WO 01/73796 PCT/EP01/03625 17 21. As shown in Fig. 9b, the

housi ng @ ihasa diefkyabl eFLOVEIh, WhE M E@EIhESo ansPesi FéreFaOle by & 22. As
shown in Fig. 9a, the short and | ong cross-bonding wires are respectively
connect edhigidth qaeries ta aFieeed Giratlanpelase Zunted on the PCB 14. These
cross-bonding wires are permanently fixed in the cross-bondi ng device WCBD
and during the nounting of the cross-bondi ng connection cables RL, RR

SL, SR Hs sHewrt hen reeispecda vetlsndshaft tdred comeycdods €a@sdimy GrifRRE, SLC
SRC;, TLC, TRC (see Fig.. 7) and the_respective screens RLS, RRS; SLS, SRS;
TLS, TRS2% & SHIUdretr qwe%&r%ewrl*ﬁaiw?% bort o vt ERE <2 FRBRS ahfdl t he
sol der poidirit dPlon ke SEEReI ONThdies r @SPEEIh YL th S %fe%wg%@s 14. Since
the circuit board 14 is elevated fromthe bottomwall of the housing 9 as
shown i n tRirgnar@in t ivhef inesd et i tee cores edmhudting sdeance S@CR2mn@rdufedt o

the board,14 from.bel o d are then ol dered on the t surface of the
printed gi}}ecﬁiotur[)gdﬁf%.%%? n%’f%saﬁ_g%o%ﬁjtrf‘?t%%mﬁ%?%%%c%a y%ﬁ" B t he

printed gu,c@r; Moark 1A4KarFdHSedt CRAGKIONo PARET Fodduc Wbt Choadd ows to
make contact between the respective core conductors and screens and the

respect i V@l s FandRdwsThg t HTRhe(sRrEiand/ ) ol thossesorrtiiiewires.
O course, during _the nounting of_ the cross-bonding connection cables the

order of SHET IS mPds beeltbseiRed TH6: offer 3¢ Mt eveed Rt it ri cal

ConneCtl%%fﬁ%fﬂggghéélggflthe water sensor and the solder points for

the screen on the respective circuit boards 14. Since the
circuit board 14 is elevated from the bottom wall of the
housing 9 as shown in Fig. 9b, the respective core conductors
and screens are fed to the board 14 from below and are then
soldered on the top surface of the printed circuit board. As
indicated with the reference numeral 14' the printed circuit
board 14 carries a conductor pattern 14' which allows to make
contact between the respective core conductors and screens
and the respective clamps 18 and thus with the short and long

cross-bonding wires.

Of course, during the mounting of the cross-bonding
connection cables the order of the cables must be observed in
order to achieve the electrical connection as shown in Fig.
6. However, otherwise only the soldering of the respective
core conductors and screens must be performed to the circuit
board 14 which thus enables a very quick and easy connection
of the water sensing wire cross-bonding device WCBD to the

cross-bonding connection cables.

As shown in Fig. 9a, the comnnection board (printed circuit

board) 14 is equipped with a plug terminal which allows the



6. However, otherw se only the soldering of the respective core conductors
and screens nust be perforned to the circuit board 14 which thus enables a
very qui okoanm7e@sy connection of the water sensing w r ePCT/BB&HI3625dI ng
device WCBD to the cross-bonding connection cables. As shown in Fig. 9a,

t he connection board (printed circuit 1&%oard) 14 is equipped with a plug

term nal c¥hhebrabhows the WO-RLL73486+RETLER éé@§%5co%%&%me(‘édﬁb of the

screen and the respective conductor cores. wever, it also allows the
connectlquaveneasureﬁsntaléQWSpﬁbﬁtcgnahcthan plfe meBstmensalt

h i sti f th ' b 1 ned
bei or'o aCIRpBURAT SHFDCETER B CoNGoDr REre T PR CRALEr Clndty S ho |

enbodi mepksphewivenwkigr Banefinth@ivakbetagensi Agteiringéned osFdiend ng device
WCBD i nto which the cross-bonding connection cables shown in Fig. 7 are
i nser t edSP§CHi3abFBIPEF10R Rt ERSsBRsMAGSsPEt ERPWHBILE TR SPTE gl e wat er
sensing wire per cable L1, L2, L3 is enployed. In this case the respective
cross-bondi ng connecti on cabl es can be coaxial cables such that in the
cross- borHengmbodiMEBD eshbymsiin Edagxi &k o&bkke watersw@mgﬂmg wird hi s case,

the water sensjng wres in the CC3 ar 0 connect ed
with coa?FaFSCQngéng ?ﬁngEtypBboﬁaget%ﬁgcbccﬁﬁ 8F°§ﬁé i cables are
connect edoWhb0:§ BE EéBh%sSQh%@rﬂ andrtBe gopductakeceee afs thebicoad.al
cable is connected wwth the water sensing wire. Thus, per joint CCl, CC2,

CC3 there wstenesenaxhgl syabka Wberﬁhen1§cﬁeémggé@dW@N@ﬁuﬁﬁnsﬂngxﬂﬂnﬁ;for
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to Fig. dtoss-bonding connection cables can be coaxial cables such

that in the cross-bonding box WCBD only six coaxial cables

are supplied. In this case, the water sensing wires in the

joints CCl, CC2, CC3 are also connected with coaxial cables.

The outer conducting layer of the coaxial cables are

connected with the cable screen and the conductor core of the

coaxial cable is connected with the water sensing wire. Thus,

per joint CC1l, CC2, CC3 there is one coaxial cable for the

screens and two coaxial cables for the respective left and

right water sensing wires as shown in Fig. 7. A special

embodiment of such a joint will be discussed below with

reference to Fig. 11.

Comparing the screen-cross-bonding device SCBD in Fig. 8 with
the water sensing wire cross-bonding device DCBD in Fig. 9%a
it is quite clear that the cross-bonding wires in Fig. 9a
only require a small cross-section and a small insulation to
carry short-circuit currents since lower difference voltages
of ~ 200V may occur whilst the cross-bonding rails RAR, RAS,

RAT in Fig. 8 need a large cross-section for large short-

circuit currents due to the higher voltages of = 5000V.



Comparing the screen-cross-bonding device SCBD in Fig. 8 wwth the water
sensing wire cross-bonding device DCBD in Fig. 9a it is quite clear that
the crossvoondi’eg@ wires in Fig. 9a only require a snall BCDEBIIEB61S on and
a small insulation to <carry short-circuit currents since |ower difference
vol tages of 200V may occur whilst thelfross-bonding rails RAR, RAS, RAT

in Fig &ueetbmdnd:ad gei€rassubeaie dbdad tiedgecisdostossipeHlinguaEents due
to the hi %her vol t ages of 5000V. WO 01/73796_PCT/ EP01/03625 19
Furt her D i s P el horerthatlY Her@vded bbdi aghtehi ¥elte@BD in Fig.
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di anmet ri caldeen amdnged. wd et héesncase, wihes CT aase hdhahhagrioabggt i on cabl es

are cabl es havi% a screen and insul ation akgld wo conductor cores to which
't

the respéctii¥d e SEhsT g5 r s ard- PHE O YT Eeh SPRRECIeRpeRPLGE cabl e
i s conneghed.caie£npssindondingdevice MERD Lard heng beyysednhigecthe two

wat er sensors, iI.e. the two conductor cores of the cross-bonding
connect i ewusab|tes wiricls ot lue reesrec titee vespectsemsing wdrderangothes on the

inted cjrcuit d 14 as shown in Fig 9 hen be_sel ect ed
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PCRR, PCRndiligl Ridie-& af@astdame EHas odanskdor v rase hays heetol | owi ng
assignnent of the wires for the cross-bonding as shown in table 1 bel ow:
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points on the printed circuit board 14 as shown in Fig. 9a
and can then be selected as described above. In the
respective plate connectors PCRp, PCSy,, PCTp,, PCRg, PCSg,
PCTr the respective cross-bonding wires have the following
assignment of the wires for the cross-bonding as shown in
table 1 below::

Joint left Joint right

Joint Coaxial cable Conductor Joint Coaxial cable Conductor

screen core: screen core

L1l Inside L1 I L2 Outside L2 A

L2 Inside L2 I L3 Outside L3 A

L3 Inside L3 I Ll Outside L1 A
Table 1

In table 1 the designations of L1 I, L2 I, L3 I denote the
inner connection and L1 A, L2 A, L3 A denote the outer
connection. Inner and outer connection are related to the
inner and outer conductor of the coaxial cross bonding cable
of the cable screen. The wire designations L1 I, Lé I, L3 I;

Ll A, L2 A, L3A respective denote the first and second core



L2 Inside L2 | L3 Qutside L3-A L3 Inside L3 |1 L1 Qutside L1 A Table 1 In
table 1 the designations of L1 1, L2 1, L3 | denote the inner connection
and L1 AwQ21//879¢.3 A denote the outer connection. |nner POUEBUYSH2S
connection are related to the inner and outer conductor of the coaxi al
cross bonding cable of the cable scre2d. The wire designations L1 I, L2 I,

L3 15 LlAdddod JBAHLHRRA WRlanet edhdiis! @nd seqand sor a0
01/ 73796 PCT/ EPO1/ 03625 20 conductor of the cross-bondi ng connecti on

tabl es RSR;RREL,SITR asRprincifRldy gmidideadsd yn ddicat’ed Thuskhi ¢che. Thus,
the cross- bon connectl on .cabl 83 e %onnect ed .wi respectl ve

printed SHPET ?70510 are AT lémr é:spec i V6 5017 élrECte H‘tlstr}% that t he

sensor cg@@@dt@@@ml@ﬁ;eﬁ eigeuiectedrdatid ke Sﬂfeeﬁré@'éi:t@tvé heowdde Wi th
a respective overvoltage protector AL, A2L, A3L; AlR A2R, A3R through

the pl ugPRidtsssIedt Btartgendir sy, cprme&rttlétn @%ﬁ G ofcurmes@tor, the

non- used %e%%r é H dge W tt*?tea&ﬂ ud & rx%elh 0”9
sensor is for ndancy, the use ct|v sen or as to b osen by
means of pa*rmtelcmi‘rr irg e a@syr.erent;. Arkhe Anen- used tnoudctihe)plsensard has to
be connected with the respective cable screen to avoid potenti al

di f f er enseskethenxrandemegrtods bdndi ﬂl\ét\ﬁrr eslgdtica |gv e s dsondilig of

the water _sensi W I es S cted cross onding wre Thus, the
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wat er semsicaghsd (R ethsd¥e iGAForS eledRindana t hmﬁ u&ﬂ%ﬁ dengeirrof conf usi on.
Si nce sol der connections are used with r%gcgect t he plate connectors PCR,
the crosSEHERE MG Sc o IS8 SEane’s MeaR Salofo e sdpsitinic measurement.

The non-used (non-active) sensor has to be connected with the
respective cable screen to avoid potential differences. Then,
the cross-bonding wires will allow a cross-bonding of the
water sensing wires, i1.e. the selected cross-bonding wires.
Thus, the cross-bonding device WCBD can be used for the
selection of one of two water sensing wires and one can
select it without any danger of confusion. Since solder
connections are used with respect the plate connectors PCR,
the cross-bonding connection cables can also be easily
removed and for the aim of any HV DC test new cables can be

mounted without any risk of confusion.

Finally, it should be noted that in Fig. 9a only six plated
connectors are shown for allowing a selection of one of the
two water sensors. However, it i1s of course possible that the
plate connectors are configured to only have a single solder
point on the printed circuit board 14 such that cables with
only one water sensing wire can be cross-bonded. On the other
hand, of course it is possible to configure the plate
connectors in such a manner that also more than two water
sensing wires can be cross-bonded. Depending on the number of

water sensing wires to be cross-bonded, the number of plate



removed and for the aimof any HV DC test new cabl es can be nounted
w thout any risk of confusion. Finally, it should be noted that in Fig. 9a
only six wbat/zi9 connectors are shown for allow ng a sel erCT/@RO13623ne Of
the two water sensors. However, it is of course possible that the plate
connectors are configured to only have2a single solder point on the
printed &diddtdaarghdciseichutibet cabdesssvibdnd Dy Ywdhes Wedera3e8Shag wire
can be cross-bonded. On the other_  hand, of course it is possible to
conf i gur EFENMENEHANERIHRISEH- such a manner that al so more than two
water sensing wires can be cross-bonded. Dependi ng on the nunber of water
sensing wires to be cross-bonded, the nunber of plate WO 01/ 73796
PCT/ EPO1/FeRG25% EMBODEMENT or S and t he nunber of cross-bonding wires can
al so be correspondingly increased. FOURTH EVMBODI MENT Fig. 10 shows a
further enbodi ment of the cross-bonding device simlar to Fig. 8, However,
the crosg-kondiNgisyd e8 rBhdN &isballens HO1LRB! ¥résedobobithe
cross-bonding of the screens as was explained with reference to Fig. 8,
but al sodefiica egrless -boriligg &f Bowsvrj e Vee erreesshording edéwieach
cable, L 2, . ig. 10 the desjignations correspond to th
desi gnat EC(?P; %?glq'nqﬁrggs (?at-ﬁaorl‘lr’?’lllllff'f.@ﬁ .Orl'hi[]se,E ?Jﬁ%sgg%%%éb%%d?ﬁgtla%vi ce
CBD has adr@itsidGSBRY taxpyii Thedoli il ye féhen 6T €€ NF L 0SS ; biondi iTso
connecti on cables SCBCR, SCBCS, _SCBCT are inserted, but through which al so
t he wat efoferddlnFrags R ERY hdi MR TR TeBFE_I R rRLIInSRack: TR
TL are i rt ed.. The, canpecti on: pl i i RAT
2ddi 11 onST oty Aok aes band G S & RAR e R - F i o Pr B E

the designations used in Fig. 8 and in Fig. 6. Thus, the

cross-bonding device CBD has a housing SBDH to which not only
the screen cross-bonding connection cables SCBCR, SCBCS,
SCBCT are inserted, but through which also the water sensing
wire cross-bonding connection cables RR, RL; SR, SL; TR, TL

are inserted.

The connection plates or connection rails RAR, RAS, RAT
additionally carry a cross-bonding wire RAR', RAS', RAT'
which perform the same function as the cross-bonding wires in
Fig. 9a. In Fig. 10, the water sensing wire cross-connection
cables are preferably coaxial cables having a screen and core

conductor as shown in Fig. 7. Each core conductor RRp, SLg,
TRc of the left hand side coaxial cable is connected to the

respective connection line RAR', RAS', RAT' provided in an
insulated manner on the connection rails RAR, RAS, RAT. The

respective screen RSg, SRg, TRg are directly connected with
the connection rails RAR, RAS, RAT, as shown in Fig. 10. The
respective arrestors Aqgr, Ajr, A3r are preferably connected

between a respective core and screen. A similar connection is
made on the other side of the connection line RAS', RAR',

RAT' for the left hand side coaxial cables. That is, the



whi ch performthe sanme function as the cross-bonding wires in Fig. 9a. In
Fig. 10, the water sensing wire cross-connection cables are preferably
coaxi al oedbe®x37h@vi ng a screen and core conductor as shomT/EROIFI3ERS 7. Each
core conductor RRC, SLC, TRC of the left hand side coaxial cable is
connected to the respective connectioi2line RAR, RAS , RAT' provided in

an insutghedciBRNebres Rhe, cenpectionat-al ks BARIyRASNnBALedTHe thr @gRect i ve
screen RSS, SRS, TRS are directl’y connected with "the connection rails RAR,

RAS, RATotasrsbadnoifnthiegcohectien cebpecRihge ,arRre3t ORATAl BndAZRe A3R are

preferably connected between a respectiye core and screen. A simlar
connect i SRYPET Rhge SRSthélst REC SEFRSSL1VREYCERRBECTEA PirecRA® tORAR

RAT" for _the left hand side c ial,_cab . That is, the WD 01/73796

PCT/ EPo1FBEeS8 nES e BELaF Bares RATE. RARC, ATERSRREEdVEe IS EoRect od
with thea,pt hggLenﬂ of ikhageenngetireragall eoRAScLeBABeLwRAR taed t he

screen RL%, SLS, T § are respectively connected directly to the connection
rai | s RABesPAELifRRARscAeraspadt covecakpasiuotorAl L, A2L, A3L is again

preferably connected between the respective screen and core conductor.
Thus, the cross-bonding device CBD in Fig. 10 directly achieves the

cross-bong,89 tAE LREsSLBGLEI WAt BevieRSLRE Wl £igandot e eckeens in a
circuit connection as described in Fig. 6. The primry advantage of using

only oneachbssebohengrbes-tBRding tflat thkeswagér wehsur sehseéngawere

[ i abl - bonded i. th el ectriccall d. hani cal | y,
and t hat “PuS o AEZERBre Pedi SLARCES RRVESRBPPOXFRalEry thE sifie conpl ex

val ues spgh . that excess voltages during fast electrical transient
conditions can be avoi ded.
The primary advantage of using only one cross-bonding box CBB
is that the water sensor wires are invariably cross-bonded in
the same manner, electrically and mechanically, and that thus
the cable resistances have approximately the same complex
values such that excess voltages during fast electrical

transient conditions can be avoided.

It should also be noted that the cross-bonding box CBB in
Fig. 10 can be configured for coaxial cables having two or
more core conductors for cross-bonding of two or more water
sensing wires or for the selection of one of them. In this
case, the cross-bonding rails RAR, RAS, RAT carry a plurality
of connection cables which are respectively connected with
the core-conductors of the respective water sensing wire

cross-bonding connection cable.

FIFTH EMBODIMENT

As already described for example with reference to Fig. 7, at
each cross-bonding location CBL it is necessary to lead out
the water sensing wires and the screens of the respective

cable sections and to connect them to the respective coaxial



It should al so be noted that the cross-bonding box CBB in Fig. 10 can be
configured for coaxial cables having two or nore core conductors for
cross-bomddng7P6 t wo or nore water sensing wires or for POREB&/B615 on of
one of them In this case, the cross-bonding rails RAR RAS, RAT carry a
plurality of connection cabl es which gp,e respecti vely connected with the

cor e-cond ctor of .t he respe tl% i'@; g r cro
connect i o% cab%e F%Tﬁolg%%él AS rea delsvlcr V%Ff%? %@gﬁ%ﬁel\}mtt h

referencefta Fodnt7ccat, cech mmmmmgsdmﬁdumamt illhasthgeesgsary to
| ead out , the water sensing wires and the screens of, the respective  cable
sectionsiBngifo donAE&t tifemito ke rldsfedy’ss M@%PQV@%?%I?QBS in

PCT/ EPOl/»f%@Z;t %31%%%&0910%&93 GOARN RS AN A8 | &8Ses Fag? {J&\A& an
Y |I ustrated in

enbodi nment a joint CCi, CC3 which 1s schemati

Fig. 7. Thatcesed mrﬁihgth:.elmfcamebondmetgﬂl othtimrFig. ihl. fact at a

| ocati on where the conductor cores are joined as indicated with the
reference numeral 23 in Fig. 11. In Fig. ii reference nuneral 31 designates

an out er tThayey .ofi 1 tR& LGRAMIUC HRfnGAI1e TOMEStdiked eferonesr NUaREAl 080 is a
left joint, reference nuneral 27 is a water proof tape, reference numneral
29 is a phet s@aAurESicn cowsf Whmr alefEr enas musesral vxh@ eksprobeftape

at the c sbo I rt| r 2, 33
desi gnat égg h(ﬁl(%l g%e%%% kéjtme%%]t he cr 0s% Vga&n%mrjﬁ:]f%%ﬁné on ca%?ég?%ad out
devi ce hQdERaof ZEhQsI’ espretdoden aadir(Cref&Zendhutsrshoxm in Fig. 11,

on the left-hand side, the left-hand side cable contains a | eft-hand si de

wat er seRSERLREFea7 Yo bRH S (oMo dtedhf tHE AT RS IHRCIPLE hbeafr e

Cross-  out portion and reference numerals 32, 33 designate a holding
bracket of the cross-bonding connection cable lead-out device

LOUTD of the respective joint CCl, CC2, CC3.

As shown in Fig. 11, on the left-hand side, the left-hand

side cable contains a left-hand side water sensing wire 71
which is connected with the core RR. of the wire cross-
bonding cable RR. The screen RRg of the wire cross-bonding

cable RR is connected to an insulated copper conductor
24provided on the left side within the cable construction. A
screen cross-bonding connection cable SCBCR has its core
SCBCRc connected to the insulated copper conductor 24.
Likewise, the insulated copper conductor 26 from the rigﬁt

hand side cable L1' is connected to the screen SCBCRg through

a screw connection.

A right-hand side water sensing wire 7r is led out from the
cable L1' and is connected with the core RL. of the wire

cross-bonding connection cable RL. The screen RLs is
connected to the right-hand side copper conductor 26.
The outer brackets 32, 33, preferably a single bracket 32, 33

extending like a tube around the cable joint, has additional



bondi ng cable RR The screen RRs of the wire cross-bonding cable RRis
connected to an insul ated copper conductor 24provided on the left side

wi t hi n t meoonid7e6 construction. A screen cross-bondi ng coPOPEPIIANI6ZSAb] e
SCBCR has its core SCBCRc connected to the insul ated copper conductor 24.
Li kew se, the insul ated copper conduct@d 26 fromthe right hand side cable
L1'. is t 1 SABCRS A dwr CoMecthon.

right- ha%g%gliqgltg%\(/jvafttdgr t{[slgenél\iplnlg@vrg re 7R iﬂsdhlﬁ%r%@ef(?stgfnﬁvhe cabIIlg@'Llr'{LA\and is
connect edonibeh lidte cour & dtatlofr twiictini tlee 3033 bomb goauhirgt¢anieabl e RL.

The scre Sis onnect to the right-hand side copper, conductor 26.
The out e%r&@:égc@ff?lgfﬁ 3, “pr ST¥EDT Yy t’gqesi:‘nog;j]lrgt b¢(§lck§§?cp‘%ﬁl% 1@xtendi ng
li ke a tukepaRuidd hewreablendd Mor hast addid | anal - MDY 737 96

PCT/ EPO1/ 03625 24 openings for the wire cross-bondi ng connection cables
RR, RL tenpedtd@rsuich ddw@ meblgs i Hhasdech émcbs%-xgmﬁﬁ@oﬁm@ BTBCR
paral lel Ly. O c | oiynt GCL i g i S i ded three
times folringl'l gwi %g{%%leerﬁ%gfpée’cﬁ%e con%{]e%o%gslc‘% g%lh#c%%l%@ﬂ%%lé ?Jhéej JRQ S and
T phase adssh@usdibldithat/.tHauntihes moress-idorshiond dcdrenewt esh tdwidbled cour se
it is also ﬁ;si ble that  the wire crqss-bondi ng connecti on cables , RR

., RL
in Fig. FFh&leMoreShan SHY TR Tttt Bt 16 Det M U Coe e P h nore
than one LRI 3RNS:iNG WMdre aidoudhe Ridter Jder®i iy SHOWS af@nﬁ%}?gﬁfgpn for

a single water sensing wire 7L, 7R in the respective cable s
| NDUSTRI ALl APPlyl GhBivis TheAcoortiigiaro fde pregente ivaiernt | oensimabliere

arrangengnt Ls ., prqvided in which t screen and the water sensing wres
are onnﬁﬁe Zparfﬁpp emTHe 1—31%0%'312% posi bR i n steady-state and

INDUSTRIAL APPLICABILITY

According to the present invention a cable arrangement is
provided in which the screen and the water sensing wires are
on the same potential as much as possible in steady-state and
transient conditions. Since the water sensing wires as well
as the screens are cross-bonded in the same cyclic order
potential differences between the screen and the water
sensing wires are reduced. Furthermore, cross-bonding devices
in accordance with the invention can be provided which enable
to match impedances of the water sensing wire connections and
the screen connections. Thus, the invention provides a cable
arrangement which can avoid problems due to induction
voltages caused by the rated current in the conductors,
caused by short circuits in the conductors or caused by a
lightning or other high voltage generating effects. Thus, the -
present invention can preferably be used in any high power
transmission system where high power needs to be transmitted
over considerable distances like over 1-2 km.

Furthermore, it should be noted that various modifications
and variations are possible for a skilled person on the basis

of the above teachings. Therefore, the scope of the present



transi ent conditions. Since the water sensing wires as well as the screens
are cross-bonded in the sane cyclic order potential differences between

t he screavoan®7dhe water sensing wires are reduced. FurtP€T/EPIIA3625
cross-bondi ng devices in accordance with the invention can be provided

whi ch enable to match inpedances of tBB water sensing wire connections and
the scregpve@RIee! i@Nhotl Ui tdie dUEY IMbRE QU H8S1 13 £ o aER@NgEemENt
whi ch can avoi d problens due to induction voltages caused by the rated
current iconties teodudher sslaigeusdthaly Isisoressi rdasesibhed t deocentsiconty or
caused by.,a. | kght.ning.or other hi,gh voltage generati effects. Th t he'
present %’ﬁ’\?étnttlh'%n l@é’r&p’)croe]ﬁ‘serparbﬁsye %Lyusceoalq%vanf%iéﬁe 9@%\‘ m?ﬁa%ng%'i g@?on
syst em whekentiigh pewerfuietds: el inaisiNdrie oyl & 0nsi te abheis

di stances |i ke over 1-2 km Furthernore, it should be noted that various
nodi fi cafifofde EsER fRSHE G ¥5sible for a skilled person on the
basis of the above teachings. Therefore, the scope of the present WO

01/ 73796 PCT/EP01/03625 25 invention is not |limted to the above

descri pt Referendehauncontlentinn dfhd kel acilred sl Weatrmase bemehf tesct obhed above

is only what the inventors presently conceive as the best node of the
i nvent i oﬁ%ﬁ’&sﬁﬁrﬁﬁ'&r C%Tt%’dﬁ i FEERDIY cﬁ"?shee BLRIES - of the present

specification. Reference nunerals in the clains only serve clarification
pur poses and do not |imt the scope of these clains. WD 01/ 73796

PCT/ EPO1/ 03625 26 Clains 1. A three-phase high voltage cabl e arrangenent
(CA) for transmtting power froma first location (A) to a second



| ocation (B) including a first, second and third high voltage cable (L1,
L2, L3), each high voltage cable having a conductor (1) and a screen (5)
wher ei n W@ 01/337p€ens are cross-bonded tw ce over said di SPEDERIIAL362S
particul ar cross-bonding |ocations (SCB1, SCB2) to cancel out the screen
vol tages (UME), characterized in that 3&id first, second and third cable
(L1, L2, L3) each conprise at |east one water sensing wire (7) for sensing
water intrusion into the respective cable and said water sensing wires (7)
are cross-bonded twi ce over said di s€hatmsat said cross-bonding |ocations
wherein the cross-bonding of the water sensing wires (7) is perforned in
the sanme cyclic order as the cross-bonding of the screens (5) to cancel

out differencag vaktagesaskehueen vicheayet eablensefratidedtrand dale Kabl e
screens. 2. A cable arrangenent (CA) according to cla|n11, characterized

in that - sai §reabmétainangemest from acéapritseoca tiionst(A)sdeod searnd hird
cabl e section i.ng f| nd third
cable (L1, LZlgE%?lo§ sa.§1§?§§§ %nEé#%E |§E§?#%%sr¥§é§f§%§%3%3 are at a

respective jOVbuté@NTbabﬂemeah the respeehiche Motesradftaddheaidld es are
connected. 3._ A cable arran%gnent CA) accordi ng to claimil, characterized

in that WO 01194798 PCEPESSEI®¥6ds) 9743 §orqsie @ éﬁﬁt‘f’é?%lﬁ’f

conprises a ftse%enéeg%dcx%@@-mha@dcwl%é%%x%aﬂacﬁl ?e) each
conprising said first, second and third cable (L1, L2,

partlcular cross-bonding locations (SCB1, SCB2 to

cancel out the screen voltages (Uyg),

characterized in that

said first, second and third cable (L1, L2, L3) each
comprise at least one water sensing wire (7) for sensing
water intrusion into the respective cable and said water
sensing wires (7) are cross-bonded twice over said
distance at said cross-bonding locations wherein the
cross-bonding of the water sensing wires (7) is
performed in the same cyclic order as the cross-bonding
of the screens (5) to cancel out difference voltages

between the water sensor wires and the cable screens.

2. A cable arrangement (CA) according to claim 1,
characterized in that
said cable arrangement (CA) comprises a first, second
and third cable section (FCS, SCS, TCS) each comprising
said first, second and third cable (L1, L2, L3), and
said cross-bonding locations (SCBl, SCB2) are at a
respective joint (JNT) at which the respective cores of

the cables are connected.

3. A cable arrangement {(CA) according to claim 1,

characterized in that



sai d cross-bonding | ocations (SCB1, SCB2) are |ocated anywhere along the
| ength of the cable arrangenent where the cable coating is opened for
cross- bowddng7374¢ A cabl e arrangenent (CA) accordi ng to cP@l/EP®/(35253,
characterized in that at each cross bonding | ocation (SCB1, SCB2) a first,
second and third pair of water sensi ngzwi re cross- bondi ng connection

cables (RL, Ealél-’ca%l_:b’e Tlrra]_:@emecf‘l(%nr( g: \Pq]pltrtrl(fté'ée d eSPaEAL | i Vse%c\l@rti&r

sensing wres and a secon screen cross-bondi ng
connecti on cabineg tBEBCRcaBTBCSec8ETBAT)( F@@nn@@l&ad 'stt)h eddie cagpectinveg
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claim5, characterized Sai G sCreen cross evi ce (SCBD) and
said water sensing wire cross-bondi ng device (V\CBD) are arranged in a
single c%nnnn ng%iebgggggge%%ét(?%%% according to claim 2 or 3,
characterized in that
at each cross bonding location (SCBl, SCB2) a first,
second and third pair of water sensing wire cross-
bonding connection cables (RL, RR; SL, SR; TL, TR)
connected with the respective water sensing wires (7)
and a first, second and third screen cross-bonding
connection cable (SCBCR, SCBCS, SCBCT) connected with
the respective screens of the respective cables (L1, L2,
L3) are provided for connection with a water sensing

wire cross-bonding device (WCBD) and a screen cross-

bonding device (SCBD).

5. A cable arrangement (CA) according to claim 5,
characterized in that
said screen cross-bonding device (SCBD) and said water
sensing wire cross-bonding device (WCBD) are arranged in

two different cross-bonding boxes.

6. A cable arrangement (CA) according to claim 5,
characterized in that
sald screen cross-bonding device (SCBD) and said water
sensing wire cross-bonding device (WCBD) are arranged in

a single common cross-bonding box (CBD).



