- WD 03/,083879 1 Three-conductor cable Technical domain PCT /CHO3/ 00211 The

i nvention concerns a three-conductor cable for power transm ssion at a
frequency of at |east 50 Hz, preferably at |east 100 Hz, for exanple 400
Hz. In th%gﬁ%ggjg; range, what are referred to as high-frequency power
transm ssi P8¢ are used. They arelrequired for exargleCcomzmopcy aft and
suchlike, in order to connect themduring stationary periods to a fixed
network or a nobile power supply. Because the aircraft's on-board

el ectronics are highly sensitive to current fluctuations, the cable nust

not generate any damagi ng asymetrical voltage drops. Another domai n of
application is engine technol ogy. Thus, for exanple, high-frequency power
transmi ssion cabl es can al so be uséteetwnpowercaliot ors. for spindle drives

(i nduction/synchronous notors) or brushless DC notors. State of the art ,
Known hi gh-f requéncy cabtes forfrequencies—oef—4060—Hz-and above consist of
four intertw ned conponent conduct oT&hnedsingin Ng of three phase conductors
and a neutral and/or return line. In this construction, two phase
conductors lie adjacent to the neutral and/or return line respectively.
Bet ween these two iThdid¥dhtioh bk il onductor. This asymetry
results in a detrinental indu?ﬁegﬁg%%%%%ggagf%gfe f‘\(/l'\’,ﬁf)% “TRELISSAD 8T eat

si gni'fi cance e%%@aeaw §F 4t fp2elai| s pudfitratily at least 100 Hz, for example 400 Hz.

In the 400 Hz range, what are referred to as high-frequency power
transmission cables are used. They are required for example on aircraft and
suchlike, in order to connect them during stationary periods to a fixed network or
a mobile power supply. Because the aircraft’s on-board electronics are highly
sensitive to current fluctuations, the cable must not generate any damaging

asymmetrical voltage drops.

Another domain of application is engine technology. Thus, for example,
high-frequency power transmission cables caa also be used to power motors for

spindle drives (induction/synchronous motors) or brushless DC motors.

Known high-frequency cables for frequencies of 400 Hz and above consist
of four intertwined component conductors, consisﬁng of three phase conductors
and a neutral and/or return line. In this construction, two phase conductors lie
adjacent to the neutral and/or return line respecﬁvely. Between these two in turn
lies the third phase conductor. This asymmétry results in a detrimental inductive

voltage drop, which takes on great significance especially in cables which are

used at the higher frequency range.



used af the higher frequency range. WO 03/083879 2 PCT/ C?DS/OO%lShiS
Asymmetrical electrical fields also arise due to the geonetry o a

known four-conductor cable, which can Pr?pagatf |nég8fg{ﬁgfg Egnéugtor
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must be conbi FEBIYEISFE ippairy sirdded higoupthe centrally-disposed neutral and/or

return line. This creates a symmetrical arrangement with the neutral and/or return

line in the centre and six phase conductors stranded symmetrically about this. In |

this arrangement, two opposing phase conductors are connected with each other.

In this construction the retum line takes up half the cross-section of the phase

conductor. This is a diéadvantage when there is an asymmetrical load, as often

occurs with wide-body aircraft. Although in operational status the construction

has relatively low inductance, it is expensive and osually fairly inflexible. Jt also

requires insulation of two paraliel three-phase systems, which means additional

expense for high-quality insulation material. Moreover, with this cable the two

associated phase conductors must be combined before or inside the piug.’

This second type of high-frequency power transmission cable thus
demonstrates the disadvantage of a complicated and relatively expensive
manufacture. Furthermore these cables have a smaller surface over which the

heat losses building up internally can be dissipated into the environment.

Summary of the invention

The invention is thus based on the problem of creating an electrical cable
for power transmission at a frequency of at least 50 Hz and in particular a high-

frequency power transmission cable which does not display the aforementioned



This second type of hi gh-frequlency power transm ssion cable thus
denonstrates the di sadvantage of a conplicated and rel atively expensive
manuf acture. Furthernore these cables have a snaller surface over which the
heat Iosse@Obégl,&gig g up internally can be dissipated into the environment.
Summary of the invenhtion The inventionZ s thus based on PO®qH@®@™M of
creating an electrical cable for power transm ssion at a frequency of at

| east 50 Hz angdfvRabd Ghl igh- frequency power transm ssion cable
whi ch does not (I:JiaspaF{a)g %ﬁ‘%&%ﬁ‘a%ﬂaﬁ%wmaﬂm@ ©SPIRIhG ad@RtagEHERY 00211

di sadvant ages, swharely! drhecdradri efitheSPRSIBikYand DG G: l.ne, t.he advant ages
of a symmtri‘%gédu%{ranrgenent with the fleliyi bi F?#Jyl a §P§)\|¥I%‘%ﬁi PRREY of
twisted single- ¢ondu&t F”%Ft?ﬁsaﬂl?u‘ﬁ’lﬂi@ﬁS@m@load\mplacit}h@ds:@lemtibﬂ@,@aggpaci ty and

oper ational sahedysimithaGadets] ¥ ndhn har t 0. known four-conductor
hi gh-frequency cabl es. Thi's pr obl err%q?%r%g \féoa%ggggqquw t291%he i nvention by

a three-conductor <cable with the characteristics of claiml. The

t hree- conduct or cabig ing, 1o the.invenption is .intended, for exanple,
for power transm'sgltorslgl&)ﬁ:fpe Esﬁ?ﬁﬁé?x’¢%%6@ VIVEIERR &y afthispca@duckdz  upwar ds,
and has a symmeabld with thechateiedstico B @fint hree intertwined el ectrical cables.
Each of the three electrical cables is essentially characterised in that it
consi sts of a phase conductor, an insulation, and a concentrically-running

neutral and/or retTHdtlebREnddaiRegdded. 4.0k h oncentri.cally-runni ng neutral
and/or return line are dummy and con(t;droocflﬁ"t%} UEY B 15REmEes Tam ext er nal

protective s heB@HPt s for power transmission in the higher frequency range, from 400 Hz
upwards, and has a symmetrical construction of three intertwined electrical
cables. Each of the three electrical cables is essentially characterised in that it
ponsists of a phase conductor, an insulation, and a2 concentrically-running neutrai
and/or return tine. Embedded in the concentrically-runnin g neutral and/or return
line are dummy and control conductors, whereby an external protective sheéth is

additionally applied on top of these and the neutral and/or return line,

The three-conductor cable thus contains one concentric, external neutral
and/or return line per phase conductor, which, however, in completely
symmetrical operation practically never has to be used. Only a small inductance

- results from the geometrical structure, and this has a positive effect on the voltage
drop.

Advantageous embodiments of the invention will be apparent from the

dependent claims.

Brief description of the drawing

Next, an embodiment of the invention will be described with the aid of the
drawing, which shows:

i T, .r - r~ . 1 1. -
frgure 1: a perspective view of an electrical cabie ard
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[ cables in accordance with Figure 1. Description _ _
ghgg;{h;ﬁl The el ectrical cable shown in Figure 1 separately ?ndblntﬁggure

2 intertwined with identicaDegabkios ofngref®febr8dditRAS S “?0 92 ajth
nunber 1 has a conductor conductor, nanely an inner conduc gr L i ve
several intertwined wires. The inner conductor 2 is encased by a p

sheath 3, preferabl Yhaweerical cable shown in Figure 1 separately and in Figure 2

intertwined with identical cables and referred to as a whole by the numBer I has a

conductor conductor, namely an inner conductor 2 with several intertwined wires,

The inner conductor 2 is encased by a protective sheath 3, preferably made

of plastic, hereinafter also referred to as msulation.

Embedded in the concentrically-running neutral and/or return line, formed
for example by eight component conductors 4, are dummy conductors 5 and
controi conductors 6 which for their part are coupled for control, monitoring,

measurement and command purposes.

Over the component conductors 4 of the neutral and/or return line, the
dummy conductors 5 and the control conductors 6 is applied a fleece band 7 and

over that a protective sheath 8 prefefably made from plastic.

The followiﬂg details which felate_- to the diameter of the various layers are
given by way of example and relate to an electrical cable which has an inner
conductor cross-section of approx. 50 mrr.l2 and is inftended for power transmission
at a frequency of 406 Hz. Obviously with a larger current conductor cross-section

or different frequency ranges, the various cross-sections can increase or decrease

accordingly. ' w

The protective sheath 3 surrounding the inner conductor 2 is some 0.2 to

1.4 mm thick and consists for example of a plastic band, for example made of



of plastic, hereinafter also referred to as insulation. Enbedded in the
concentrical | y-running neutral and/or return line, fornmed for exanple by
ei ght conponent conductors 4, are dunmy conductors 5 and control

conduct or s { or their part are coupled for control, rmniﬁtoring,
rreasurerreﬁ?éadr?@jgggﬁmnd pur poses. O/ergt he conmponent corftfut/EHIOS/W2bF t he

neutral and/or return line, the dummy conductors 5 and the control

i Yal : ‘ over. .t hat protective sheath
5 prof er abl y macnrron sy s ety ity SR iS FEOFER kel at 6. To the
di ameter of t hexample gl 08y ef the harel wigity end Hiyo wekr@fieeXaaR!igand relate to
an el ectrical cable which has an inner conductor cross-section of approx.
50 2 and is intended for power transm ssion at a frequency of 400 Hz.
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0.2 to 1lg j f.or_exanpl e of Pl astic band, for
Zggerrpl e made o?éhV\D 0 /%%Ecs%g&%‘%%nﬁ%&g@ t%ﬁ 1 "Porerast FP‘"E%?TFT&CL? afihds about
the inner condW@eowitkawioshsationuydma®. Dfanf’anch.exanpl e 20 to 30% of the band

i i i d the insulation 3
wi dth, and al so an extruded plastic |ayer. Disposed aroun
are the neutral and/or return line, the control conductors 6 and the dumy

conductors 5, symTETld fxatd banSt7idRdesk arbhd th@%@ihh}@%@}}&&ﬁ%tof%ﬁe”dwt ors 4
formng the return line consist for preference o

component concuctors 4, the neutral and/or return line, the control conductors 6

and the dummy conductors 5, with an overlap of for example 20 to 30% of the

~ band width, whereby this preferably has a wall thickness of some 0.05 to 0.2 mm.

The sheath § encasing the flesce band 7 consists of known material and

has a wall thickness of for example 1.5 to 5 mm.

The three-conductor cable shown in Figure 2 and referred to as a whole as
10 has three intertwined electrical cables 1 of the afarementioned type. The three
electrical cables 1 which are intertwined with each other can, in a special
embodiment of the invention, however, additionally be held together by a sheath
encasing them, for example in the form of a bandage or tube, which secures the

electrical cables 1 against aﬁy axtal displacement.

The three-conductor cable acoording to the invention has the advantages
over the high-frequency cables described at the Beginning that with the same load
capacity, it has an absolutely symmetrical voltage drop on all three conductors,
which proves smaller than in ordinary cables. At the same time a smaller
mechanical bending moment is achieved due to the construction according to the
invention rand thanks to the simple structure, the connecfion layout in the

connection plug is simple to realise. Furthermore, no central dummy conductor in



wires with a cross-section of -sone 2.5 mMm® each. The fleece band 7 is wound
around the stranding consisting of the conponent conductors 4, the neutral
and/or return line, the control conductors 6 and the dunmy conductors 5,
with an o for exanple 20 to 30% of the band wi dth, whereby this
preferablyﬁ%ggegﬂ&gll t hi ckness of sorfe 0.05 to 0.2 nm PFHEEREAIH I8
encasing the fleece band 7 consists of known material and ‘'has a wall

t hi ckness of f04y; ree-conduct or cable shown in

Fi gure 2 and r%%ggéggﬂ%gbégé%&@ﬂ%Pgﬂggggﬁﬁ%ﬁg§E¥ Eﬁzg%ﬁggﬁ? &Gl ectri ca
cabl es 1 of t héeshadrendémerd flodilde. t ype. The three electrical cables | which
are intertwined with each other can, in a special enbodi nent of the

i nvention, however, additionally be held together by a sheath encasing
them for exanple iModeherfQrma &Eul@oft}ﬁ@gﬁﬁﬁu&i'bnta&%‘?din% &R iReGyLes the

el ectrical cables 1 against any axial displacenent. e three-conduct or
cabl e accor di mFrBRIsRIETY Kyranaserh Brisretthiephactcontiagerscan de éouchékby being

hi gh-frequency, . L . [ inni that with the same | oad
capacity, it H%@égﬁﬁgggg?ﬁ%%ﬁ€g@§%ﬁ§?§ﬁg§ n?%??%ﬂ@“%?ﬁﬁ”@W¥% F *¥Ht ee
conductors,  whitgitiapnuss bs dsmmadelde The hanlt bthridibaeinyaged @mapdlihd hRssame tinme
a smaller nmec ﬁp&pal beqding.ngnent .S gﬁgieyed due to the construction
according to the UF USRS E P HaRREeL P He TSPRBE Bushsdietur e, t he
connection layout in the connection plug is sinple to realise.

Furthernore, no central dunmmy conductor in WO 03/083879 6 PCT /CHO3/ 00211
‘Compared with known four-conductor cables, the three-conductor cable

has additional advantages such as a clear separation of control conductors and
phase conductors, improved EMC behaviour and more stable distribution.
Compared with known cables with symmetrical cable arrangement the three-

conductor cable according to the invention has the further advantage of improved

heat radiation.

The three-conductor cable according to fhe invention can be used in the
frequency range of 50 Hz and over. Its symmetrical construction with relatively
large cross-section of the return line offers optirmal conditions for connections of
asymmeirical loads. The symmetrical construction also offérs striking advantages
for flexible connections between UPS devices and data processing equipment,

‘radar stations, and transmission equipment, inverter-motor connections with

higher EMC requirements, ete,

It should be pointed out here that the electrical cable described with the
ald of Figure 1 and also the three-conductor cable shown in Figure 2 represent
only a selection of a number of potential embodiments of the invention and can be

modified in various respects.

Thus for example there is the option of embedding the contro] conductors,

not in the neutral and/or return line but in the respective phase conductor, as is the



additi,on to the defined stranding is necessary, so that the cabl e thereby
becones |ighter and nore flexible. Mreover, as the result of the
construction according to the invention, .personal safety is increased.

Bef ore thewphasgsgepductor can be touched by being danmaged with a netallic
object, nanely the neutral conductor cgrrying t he earth PPOI@&EN0I/@dz1must be
damaged. The result of this is that in case of danage, the phase wth the
earth potenti alcabsinFhPkd kriphafnQHbH efore it can be touched |ive. Conpared
with known four- conductﬂ(;)r ngﬁ%li&g‘ﬁ?gcg ?#E’é it e ymmesiivadly dissbueti t i onal
advant ages sucfCa®ozeng tadlncissphimnatehd of finCaahd-al c&%%{p%?efbd% and phase
conductors, inﬂﬁ&%ﬁQhﬁM&ﬁpahathuF and nore stable distr
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ut'i on. Conpar ed
with known cabl es y asg SBPRICHy prghife pratctitvh eh ety Beoujg onduct or
cabl e accor di ngobgst bhiusi sieeRiri@a Jhas: g furt her advantage of inproved
heat radi ation. The three-conductor cable according to the invention can be
used in the frequency range of 50 Hz and over. Its synmetrical
construction with relatively |arge cross-section of the return line offers
opti mal conditions for connections of asymetrical |oads. The symetri cal
construction also offers striking advantages for flexible connections
bet ween UPS. devi ces and data processing equi pnent, radar stations, and
transm ssi on equi pnent, inverter-notor connections with higher EMC
requi renents, etc. It should be pointed out here that the electrical cable
described with the aid of Figure 1 and also the three-conductor cable
shown in Figure 2 represent ' :



only a selection of a nunber of potential enbodinents of the invention and
can be nodified in various respects. Thus for exanple there is the option
of enbeddi ng the control conductors, not in the neutral acid/or return
line but iwothegsespective phase condugtor, as is the WD 03/083879 7 PCT

/ CHO3/ 00211 case in fact in known hi gh®frequency cabl es.PAI/SE103(0@11
symmetrically distributed conponent conductors 4, instead of being
stranded, can be disposed in neandering form about the phase conductor and
the protective sheath 3 could consist ci t one extruded plastic |ayer.
WD 03/083879 8 C ains PCT /CHO3/00211 1. Three-conductor cable consisting
of three intertwined electrical cables, each wth one conductor which has.
a current lead (2) and a neutral and/or return line, characterised in that

the neutral and/or iefhrescdidngoodabrashsig@ek Hrdht-aah& dismlPLiBd by a
nunber of conpggﬁny conducéorsé§4 whi ch are distributed concentrically
about the curr&nt TERPE(BYAUGR Fhithhana sHren deag (i raodt reetadl 26Q)pr ament he

di stributed colipgrRahctE@RAUCTON Se (&) ral-_and/or .retyrn |line
there is an insulation (3) and ?hafﬁ:%ﬁ%qﬁgﬁg%?g gﬁ%?ﬁ%%ﬁ$9 ISKeath (7)

appl i ed on t op*®GMed hr 2 ngwhtraficompelient candbeom (Hevhidh arf Misegygenduct or cabl e
according t 0 C&&ic@ﬂtﬂical&%ﬁ@t%@ Elinse%g leizau:ri1 (25,htg'¢t1t b%tba(?een the current lead (2) and the
' distributed component conductors (4) of the neutral and/or return line there is an
insulation (3) and that there is also a protective sheath (7) applied on top of the

neutral and/or return line.

2. Three~conductor cable according to claim 1, characterised in that the

current lead (2) of each electrical cable is encased in an extruded plastic

insulation,

3. Three-conductor cable according to claim 1 or 2, characterised
in that embedded in each concentrically-arranged neutral and/or return line,
formed for example by eight component conductors (4), are dummy conductors
(5) and control conductors (6) which are coupled for control, monitoring,

measurement and command purposes.

~ 4. Three-conductor cable according to claim 1 or 2, characterised in that in
each current lead (2), control conductors (6) are embedded which are coupled for

control, monitoring, measurement and command purposes,

5. Three-conductor cable according to one of claims 1 to 4, characterised
in that over each neutral and/or return line a fleece tape (7) and over this a

protective sheath (8) prefel‘ably.made from plastic is applied.



current |ead (2) of each electrical cable is encased in an extruded pl astic
i nsul ation. 3. Three-conductor cable according to claim1 or 2,
characterised -in that enbedded in each concentrically-arranged neutral
and/or re NN formed for exanpl e by eight conponent conductors (4),
are dunnyhg%ﬁﬁhgf%ﬁs (5) and control ‘conductors (6) whFER/GRE/BHRIPI ed for
control, nonitoring, mneasurenent and command purposes. 4. Three-conductor

cabl e according to glaim , .erised kn that in . each current
lead (2), control cf(%r?g‘téc?t%fl@k{%)ca@?%écg%%ﬁ%é)ag\?\ﬁ}% Sglrtg e RAFETIFDr
control, noni tiorthaighe theasieceaintblan( ) ecrisndgdghsr poseieatd (9) HHige- conduct or
cabl e according to gne of clainms | to 4, characterised in that over each
" neutral and/org?%Fﬁ "Fine a fleece tape (7) ‘and over this a protective
sheath (8) preferabt yi Jdehomipl k&h1d i 7 PCT
/ CH03100211 . . Threegggﬁ%uc%_é‘gﬁlg&é%:%é?%?%éﬁg%m%\ggggéap%@eﬁ??l to 5,
characteri sed °fiahleasa0 MHe chaspaerised by ¢ tireatondadibemble brcardiaghebke doget her by
a sheath (9) which;:grcases them 7. High-frequency electrical cable for
power transm ssion at a frequency of at least 50 M1z characterised by a
t hree- conduct or cabl e according to one of <clainms 1 to 6.



