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i nventi on 0% 65 a traction notor and a drive syst er‘rf’cyﬁﬁ”’?"é' 7
railway | oconotives and notor 5 coaches, in which the traction notor

and/ or other electric %Mﬁl%f&l#lg%ﬂ% tﬁgﬁ emare provided with
a magnetic circuit ' t | east one w nding.

Background art: The magnetic «circuit in electric machines
usual |y jigaﬂﬂ{m-{dfeﬂél anmnated core, e.g. of sheet steel surrounded
and fixed Wt a welded construction. To provide ventil ation
and cooling the core is often divided into stacks with radial and/or
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Wth single | ayer windings there is only one coil side per slot, whereas
wi th double |ayer windings there are two coil sides per slot. By coil
side is rBeanMgmmmdramtor e conductors conbined 25 vertically or horizontally

and provided with a common coil i nsul ation, i.e. an insulation designed

to withstand the rated voltage of the machl ne to earth.
The magnetic circuit in electric machines usually

10 comprises a laminated core, e.g. of sheet steel surrounded

and fixed with & welded construction. To provide
ventilation and cooling the core is often divided into
stacks with radial and/or axial wventilation ducts. For

larger machines the laminations are punched out in segments
15 which are attached to the frame of the machine, the
laminated core being held together by pressure fingers and
pressure rings. The winding of the magnetic circuit is
disposed in slots in the core, the slots generally having a
cross section in the shape of a rectangle or trapezium.

20 In multi-phase electric machines the windings are made
as either single or double layer windings. With single
layer windings there is only one coil side per slot, whereas
with double layer windings there are two coil sides per
slot. By coil side is meant one or more conductors combined

25 vertically or horizontally and provided with a common coil
insulation, i.e. an insulation designed to withstand the
rated veltage of the machine to earth.

Double-layer windings are generally made as diamond
windings whereas single layer windings in the present
30 context can be made as diamond or flat windings. Only one
(possibly two)} coil width exists in diamond windings whereas
flat windings are made as concentric windings, i.e. with
widely varying coil width. By coil width is meant the



Doubl e-1 ayer wi ndings are generally made as di anond wi ndi ngs wher eas
single layer windings in the present 30 context can be made as di anond or
flat w ndi Wgo928by one (possibly two) coil width exist$CFEPYRHTShd

wi ndi ngs wher eas flat wi ndings are made as concentric w ndings, i.e.
with wi dely varying coil width. = By-coil width is neant the i

WO 99/ 29Q19 , . , RCT/ EP98/ Q7127 _ :

- 2- dREBEARES] AaPECIRABRRFORLREFEER™  EC (71 & Jggess ;?eer%'a%?lrﬁlr?g to the
sanme coi ko the same Nedfmlly all |arge nmachines are nmade with doubl e-1ayer
wi ndi ng and coils of the sane size. Each coil is placed 5 with one side in
one | ayer and the other side in the other | ayer. This_ neans that all

coils cross eNokmeflByrald Lhoge wathined. are mads et dBRIAHAYY W0 | ayers
these cros3iRgs laéﬁpfﬁéif@%ftﬁﬁewsﬁ%n%m.k apglch Neogi lisenstdced ess

satisfactory. ) Before_ it becane possitglle t o use _industr.i.al
frequeBcy¥ith eue GAJE0 iy POcolavedc Bteh thet GTReh Fedh rdt oS ST ng
Vgl[tag]e/ %&%@g‘s vzei;ies eﬁa%cﬁgiizmd #.thebosf bgq?eneﬁchobmh@&‘ in (k@ to )
16[err Qr 25 Hz). . etravctioq” or. use or . | e i suc
systens ®R<1a®8fngl et p&é%’ée &9 &o"c?gr%?ﬁf‘alu'g? 18y o#?é% scorién%\gﬂﬁé;s a
si ngl e- phespiticacki osheotwindirkhi svorld uanti orlse alondst Ehke dsdik&& & current
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period S&Fnf ¥i's supplied with alternating current. For
comut ation to take place w thout damaging arcing at the 20 commutator, | ow

“equ%cy anng@E%s 1M e o %ﬁ%%@.rﬁ%d dP use industrial frequency
{50 or 60 Hz) for traction motors, the first alternating
voltage systems were electrified with low-freguency voltage
{15 to 162/3 or 25 Hz). ' The traction wotor used for a long
time in such systems was a single-phase series commutator

15 motor, also known as a single-phase traction motor. This
functions almost like a direct current motor except that
both field and rotor current are reversed every half periocd
since it is supplied with altermating current. For
commutation to take place without damaging arcing at the

20 commutator, low frequency and motors with low speed had to
be chosen.

The main advantage with alternating systems as opposed
to direct current systems is that the alternating voltage
can be transformed (even though direct voltage can nowadays

25 be transformed with so-called choppers). It is thus
possible to maintain a relatively high voltage on the
overhead conductor in relation to the voltage with which the
motor operates. Due to the high voltage in the overhead
conduct::ar the current becomes lower, thus giving better

30 power transmission ability and lower losses in the line
network. Supply stations can be located rather far apart
{(30-120 km).

The most commonly used traction motor today is the -
three phase asynchronous motor due to its simplicity and
35 robustness. It is fed by three phase current with variable
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- the transformer is expensive, increases transport costs
and requires space
- the transformer lowers the efficiency of the system
15 - the transformer consumes reactive power
~ a conventional transformer contains oil, with the
associated risks.

Description of the invention:

The object of the present invention is to provide a

20 motor and a drive system therefor for electric railway

operation and the like, which solves some of the problems
inherent in known systems in this area.

The present invention provides a motor according to
claim Ir and a drive system according to claim 6 or claim 7.

25 The invention is thus based on a special technigue for
constructing electric machines, motors, generators,
transformers, etc. in which the electric windings are
produced with insulation other than oil, and preferably dry,
in a special manner. This permits either elimination of the
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claimeé &t The invention is thus based on a speci al

t echni que for constructing electric machi nes, not or s, generators,
transforners, etc. in which the electric windings are produced with

I nsul ation other than oil, and preferably dry, in a special manner. This
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5 machines combined with conventicnal macnlnes.

Thus a machine of the type to which the invention
relates may be a transformer or a traction motor which does
not then need any transformer. The alternatives may of
course be combined.

10 The drive system and the components according to the
invention can be adapted to the electric supply system of
various railway systems and, with applicable modifications,
is intended for railway systems with external power supply
or with their own power supply system, for railways with

15 different voltage levels and different frequencies and for
both alternating and direct current systems, as well as for
both synchronous and asynchronous motor operation.

In cases when a transformer is deemed necessary, it is

an object of the present invention that the transformer

20 shall be manufactured using a cable of the same type and in

corresponding manner as for the other electric machines
included in the drive system.

The advantage gained by satisfying the above objects is
the avoidance of an intermediate, oil-filled transformer,
25 the reactance of which otherwise consumes reactive power. .



transfornmer and/or the construction of transformers w thout t he drawbacks
I nherent in conventional ones that have been nment i oned above.
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frequencifs stk d Poterltdlall ahicer 2at igr@tand direct current systens, as well
as for bot h synchronous and asynchronous notor operation. In
cases when a transfornmer is deened necessary, it is an object of the
present invention that the transfornmer 20 shall be nmanufactured using a
cable of the sanme type and in correspondi ng manner as for the other
electric machiThes majiomcl atdd essehsidii véiffsrente between Rhewadvantage

gai ned by a3t " AniN e AP QB oRINBE S abBording to the invention is
thus that the latter includes in at least one machine which,
due to the nature of its magnetic circuit can be directly
10 connected wvia breakers and isolators to a high supply
voltage, up to between 10 and 800 kV. The magnetic circuit
thus comprises one or more laminated cores with a winding
consisting of a threaded cable having one or more
permanently insulated conductors having a semiconducting
15 layer both at the conductor and outside the insulation, the
outer semiconducting layer being connected to earth
potential.

To solve the problems arising with direct connection of

electric machines, both rotating and static machines, to all

20 types of high-voltage power networks, at least one machine

in the drive system according to the invention has a number

of features as mentioned above, which differ distinctly from

known technology. Additional features and further

embodiments are defined in the dependent claims and are
25 discussed in the following.

L\

The features mentioned above and other characteristics
of the drive system and at least one of the' electric
machines included therein according to the invention,
include the following:

30 - The winding for the magnetic circuit is produced from .
a cable having one or more permanently insulated
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- Such a cable allows the laminated core to be designed
according to the invention in a new and optimal way as
regards slots and teeth.

- The winding is preferably manufactured with insulation
15 in steps for best utilization of the laminated core.

- The winding is preferably manufactured as a multi-
layered, concentric cable winding, thus enabling the number
of coil-end intersections to be reduced.

- The slot design may be suited to the cross section of

20 the winding cable so that the slots are in the form of a
number of cylindrical openings running axially and/or
radially outside each other and having an open waist running
between the layers of the armature winding.

- The design of the slots may be adjusted to the relevant

25 cable cross section and to the stepped insulation of the
winding. The stepped insulation allows the magnetic core to
have substantially constant tooth width, irrespective of the
radial extension.

- The above-mentioned further development as regards the

30 outer sheath entails that at suitable points along the
length of the conductor, the outer sheath is cut off, each
cut partial length being connected directly to earth
potential.
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The mixture of insulated and/or uninsulsted impacted
strands, or transposed strands, results in low stray losses.

The cable for high voltage used in the magnetic circuit
winding is built up of an inner core/conductor with a
15 plurality of strands, at least one semiconducting layer, the
innermost being surrounded by an insulating layer, which is
in turn surrounded by an outer semiconducting layer having
an outer diameter in the order of 6-250 mm and a conductor
area in the order of 10-3000 mm?.

20 If at least one of the machines in the plant according
to the invention is constructed in the manner specified,
start and control of the motor(s} used in the locomotive of
motor c¢oach can be achieved with the start methods, known
per se.

£

25 According to a particularly preferred embodiment of the
invention, at least two of these layers, preferably all
three, have the same coefficient of thermal expansion. The
decisive benefit is thus gained that defects, cracks and the
like are avoided during thermal movement in the winding.



of coil-end intersections to be reduced. - The sl ot design may be
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cabl e of aHEAREAFEEHFETIHSE HHORPHE ons the- entire length of the outer

sem conducti ng sheath of the wi nding, as well as other parts of the
drive system to be kept at earth potential. An inportant advantage is
that the 5 electric field is close to zero within the coil-end region

outside the ter ent.t i r J1 r 5a tial on
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Brief description of the drawings:

10 The invention will be described in more detail in the
following description of a preferred embodiment of the
construction of the magnetic circuit of an electric machine,
with reference to the accompanying drawings in which

Figure 1 shows a schematic end view of a sector of the
15 stator in an electric machine in the plant according to the

invention;

Figure 2 shows an end view, step-stripped, of a cable
used in the winding of the stator according to Figure 1; and

Figures 3 to 5 show traction motor drive systems
20 according to different embodiments of the invention.

f

Description of preferred embodiments:

In the schematic end view of a sector of the stator 1
according to Figure 1, pertaining to an electric machine of
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i nsul at | GRByREeRE sHRshAREiflanehe, sage type as those used for

10 power distribution, e.g. PEX cables. One difference is that
the outer, mechanically-protective sheath, and the metal
screen normally surrounding such power distribution cables
are eliminated so that the cable for the present application
comprises only the conductor and at least one semiconducting

15 layer on each side of an insulating layer. Thus, the
semiconducting layer lies naked on the surface of the cable.

The cables 6 are illustrated schematically in Figure 1,
only the conducting central part of each cable part or coil
side being drawn in. As can be seen, each slot 5 has

20 varying cross section with alternating wide parts 7 and
narrow walst parts 8. The wide parts 7 are substantially
circular and surround the cabling. The waist parts 8 serve
to radially fix the position of each cable. The cross
section of the slot 5 also narrows radially inwards. This

25 is because the voltage om the cable parts is lower the
closer to the radially inner part of the stator 1 they are
situated. Slimmer cabling can therefore be used towards the
inside, whereas coarser cabling is necessary further out.
In the, example illustrated cables of three different

30 dimensions are used, arranged in three correspondingly
dimensioned sections 51, 52, 53 of slots 5.

The above description of the magnetic circuit for a .
rotating electric machine built up with the cable 6 is also
applicable to static electric machines such as transformers,



designed so that fromthe thermal and electrical point of viewit is

di mensi oned for over 10 kV, the system can be connected to high-voltage
power net woMENPeBout any 5 internediate step-down transf moTeEpssteT eby
achi eving the advant ages referred to_ above. The

above- nentioned and ot her advant ageousl@®nbodi nents of the inventton are
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10 Ther} él nvec%le [ %Eg%ﬂ{’ggb%r@s%lﬁ? bel& kleﬁ no&lelgd}%{ill%%lgﬁt hgémb 8§$%€0V\Ii ng
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magnetic Qﬁarrﬁ%éaicﬂ{ri% ?Cﬁ%ﬁ i RBRGH}.Ne, with reference to the

acconpanyi ng draw ngs 1 n which Figure 1 shows a schematic end

view of a sector of the 15 stator in an electric machine in the plant
according to tHde WiRgdREsoPT the tramsfipraer sFrs Den eREshyevked

st ep- st rd ppthowdf cenedbeativaetoi dnf ha advrdingiel dt hessiabatiascoidli ng to
Fi gure 1, tracti,on _notor_dr.i ve}%{yst ens 20

d Ei 3. to 5 sh
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pr ef err ed iEniddisnenir=cessary,

- the transformer core can be designed without taking
into consideration any electric field distribution,

10 - no oil is required for electric insulation of cable and
winding and instead the cable and winding can be surrounded
by air or by a non-flammable or slowly burning liquid,

- in many applications no special bushing is required as
is the case for oil-filled transformers, Zfor electrical

15 communication between the outer connections of the
transformer and the coils/windings located therein,

- the lack of oil greatly reduces the risk of fire and
explosion in a transformer of the invention,

- the transformer can be made rigid than a conventional
20 transformer, dincreasing its ability to withstand short
circuits,

- the transformer is less noisy, cleaner and requires
less maintenance, and

- the manufacturing and testing technology required for

25 a dry transformer with magnetic circuit as described above,
is congiderably simpler than that required for conventional
transformers/reactors.

Figure 2 shows a step-wise stripped end view of a high-

voltage cable for use in an electric machine incliuded in the -
30 plant according to the present invention. The high-voltage
cable 6 comprises one or more conductors 31, each of which



In the schematic end view of a sector of the stator 1 according to
Figure 1, %t ai n| ng to an electric machi ne of WO 99/ 29019

PCT/ EP98/ 0 -9- r ot at PREEPYHE727
included in the plant according to thell -invention, the rotor 2 of the
machine is al sp indicated, The stator 1 LS ¢cQ osed of  a |l am nated core.

Figure 1 COTRRLIHRSa %5eBEBPESf @he StE@mdfe 3&oM NePFRERBT oI 8 5

pitch. A gupbelaef cf@gbhsécexbﬁndfradpplah:y cmtr.earamgis@nca parhedeof the
core towards.the rot h the

2 an re separa
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hi gh- vol t agiel e adl &sd vt hsurromydd® of mdomamlehy: thewaapy kyperes those

used fo I stLibuti X cabl e di fferg ce Is_that
t he outgerig‘?fggﬁé% %alﬁ'/ pro eiv%égshg th™®a Tt &°T g‘@r eBAThor mal | 'y
sur r oundi hgsslzhipowes mmeumnmmlmm of ahe ebnduuabe*c-i 3a.that the
cabl e for e t [ d at
east onciSnPESEREE: RS s cA2TRNARGR: B0 LA BRI S0
Thus, theare 'smtbauuanmguné?érbyu esfnakEdsqub@dlsmim@e‘L@jrerhm cabl e.
The cabl eﬁréuﬁéetthUﬂ&Qte@e%%%?%L&%g @ acan 5 é‘uya.{:gﬁ

ca Sl de E?awvn I n.

conductin central t o eac elrn
As canthelBERF B%acﬁ §l- oFER ﬁ&§ué@t\;@ry| r\@"ncqbo% sléhtnw vﬁt@mgw@@@au ng

wi de part 7a aé@con@aééﬂt&ﬁdﬁétﬂﬁét}?a%er Jhe whes paid shilgii®oltage
substanti a circul ar surround the cabling. The wai'st parts 8 serve

to radi alq@bi?xn?ﬁ‘é BBk F'Fﬁguéﬁ 85¢h Mefild ic Sﬂﬁee@r&% OULLRtFRPEHR t he
slot 5 alsp tieer eyper aial hprinadakdsurtithed?d sughbecaiss 4 heow opdwge on the

cable parc&fséislll.\'c?t\:’\fénthe As traction equipment often becomes very
15 warm, the insulating layer 33 can comprise heat resistant
polymers, e.g. silicone rubber or fluorinated polymers. The
semiconducting layers 32, 34 may comprise similar material

to the insulating layer but with conducting particles, such

as carbon black, soot or wetallic particles, embedded

20 therein. Generally it has been found that a particular
insulating material has similar mechanical properties when

containing no, or some, carbon particles.

The use of electric wmachines provided with magnetic
circuits of the type described above enables the electric
25 supply of traction motors, as well as the traction motors
themselves, to be greatly simplified and wmade more
efficient. 1In railway operation with alternating voltage
the supply voltages currently used are generally 15 kV, 16%/3
Hz, 11 kV 25 Hz or 25 kv, 50/60 Hz in the supply line 104
30 f£rom whn.ch the current collector 112 of the locomotive
supplies one or more traction motors 114, as shown in
Figures 3 to 5.

Known traction motors for alternating voltage are
normally driven by voltages of up to 1 kV and the locomotive



closer to the radially inner part of the stator 1 they are si tuat ed.

Slimer cabling can therefore be used towards the I nsi de, whereas coarser
cabling is Wes¥wewry further out. In the, exanple illustretedpsmabtas of
three different 30 di mensions are used,» arranged in three correspondingly
di mensi oned sections 51, 52, 53 of slots 5. The above -

descri ptimasof dhereftgret be cequippedonrvizh aottatdmsf crveot r aadmaehime buil t
up Wi th 1 eccablenprle akifoeAPP! LAAD) £c10r Stake: Alesld  GhpBelifes Such

as transf

PCT/ EP98/ ba7@gdern locomotives. - 10 - reactor wi ndi ngs
and the |ike. The follow ng inportant advant ages are obtai ned both
fromthe design and the manuf act uri ng point of view - t he

wi ndi ngs of the transformer can be constructed 5 wthout consideration to
any electric field distribution and t he probl emati cal transp05|t|on of
parts in knownTRRecHRRREEGrmers susp@sinniee dsaeyy 1ocomative @re st or mer

core cap peivesi gied wWatRouk tRkdibmer oﬂ Nt cEaRsS aer ahan @ré’ctfﬂ'ﬁi&]!' C

field dlzérlbutlon 10 - no.oil i§g EUIFEd for electri i nsul i on of
cabl e an ra“’%??ﬂ?nga%ﬁﬂaﬂlnﬁseéﬁcﬁﬁelegb BYVARATRERER A PEN BBE surfBunded
by iair orrfbyamm@mnétnﬂnabl anﬁrusédwfbrblﬂdgivmﬂm@wadzd operatlfdm imny
app icati ons jno IS require i s.t cas Qr
oPPL L PR PR Bl oSy B Bk SIS Tl emd S kb HiifAcal |
outer commécetlensriofl,tkhdat can be dealt with to a more or less

10 satisfactory extent.

The above-mentioned problems can be eliminated or
minimized by designing the magnetic circuits in at least one
of the electric machines of the system in accordance with
the present invention.

15 Figures 3 to 5 show a 3-phase asynchronous motor 114
providing the mechanical power for the locomotive and having
a winding formed from a high-voltage cable as exemplified in
Figure 2. The winding of the motor 114 has the advantages
which have been described above.

20 Figure 3 ghows a drive system for the motor, comprising
a transformer 122 and a thyristor bridge 123, connected via
a smoothing and filtering circuit 124 to a de/3-phase ac
converter 125 which supplies the 3-phase motor 114. The
transformer 122 has a winding formed from a cable such as is

25 shown in Figure 2. This transformer therefore has the
advantages listed above and is also lighter and less bulky
than a known o0il-filled transformer.



transfornmer and the coils/w ndings |ocated therein, - the lack of oi

greatly re%“f&ﬁm%nﬁ risk of fire and explosion in a trang&ggﬁggﬁﬁg t he

i nventi on, the transfornmer can be nade rigid than Tona
20 transforner increasing its ability¥3 o withstand short circuits,

- t he transf rner |s Iess noi sy, ..cl.eaner and r.equi.r.es

mai nt enance, re %wﬁaﬁuﬁ%ﬁvﬁﬁlﬁﬁsgﬁ% ﬁ@g#ugénﬁééﬁnggba§ngqU|red

for 25 a dbgvéraesfQBmemnmpﬁmmmgpealmocbrcmtsupphﬂﬁﬁxdimﬁbahpvﬁrom i's

consideraply sinp o ui Ol SOV ENL | e
transfornt‘%%/ F‘éﬁt?ggs Igiri Cr&%tr 1(ﬂF n%fi ézém%owste% ?e S se S??I %pgd end
vi ew of athegf3-phass t mgboraliiet fmtau% ragahaeonctda@quhBhe i néRRded in

the 30 pl éBEn@EEQEﬂanBEQ t Re o esept Bé‘%f—‘é‘%d oL C%%%ﬂhtﬂél{régﬁauecam e 6

comprisés one or nore conductors 31, each 9/ 29019
PCT/ EP98/ 6%ppIied to the motor 114 and the numbgr_of po%%ﬁpgpgggcaeﬁunber

of strandg,36-4hi-6B & ggﬁhgbngtﬁg a circular cross section of copper
(Cu), for i1nstance. hese conductors 31 are arranged in the niddle of

t he hi gh-vol tage cable 6 and are .surrounded in the enbodi rent shown by a
part 5 insulation 35. However, it is feasible for the part

i nsulation 35 to be omtted on one of the conductors 31. In t he present
embodi ment of thguiBverd i shokbe xrpnduceonat3de syarten oget héricturtbended by

ng:;s;nsga%%ggggﬁglqgnla gér32 Aro%pd th'prefe§%o§ nlcgggggétgg | ayer

10 multiphase, e.g. 81x-phase ac, is connected to a rectifier
bridge 133 which supplies the motor 114 via a dc/3-phase ac
converter 125. Figure 4c¢ shows a further alternative system
in which the supply from the rotating converter 130 to the
motor 114 is via an ac/ac frequency converter 134.

15 In the systems shown in Figures 4a, 4b and 4c¢, either
or both of the motor M and generator G are wound using a
cable as exemplified in Figure 2. The motor and generator
may be separate wmachines sharing a common shaft, or
alternatively the rotating converter may comprise a single

20 unit as described, for example, in German Patents 372390,
386561 and 406371. The rotating converter may alsc be a
phase converter as described in "Das Handbuch dex
Lokomotiven", pp. 254-255, "Electrischer Bahnen" eb, 85.
Jahrgang, Heft 12/1987, pp. 388-38%, or Lueger, "Lexicon der

25 Technik", p.395.

£

Figure 5 shows a system in which the motor 114 is a
high voltage motor which is supplied by a regulator device
135 connected to the current collector 112. The regulator
device is preferably a direct semiconductor ac/ac converter.

30 Since the motor 114 is supplied with a high wvoltage, no .
transformer or other voltage changing means is required and



10 layer 33, e.g. PEX insulation, which is in turn surrounded by a

second sem conducting | ayer 34. Thus t he hi gh-vol t age cabl e need not
i ncl ude anyV®e¥28019 ¢ screen or outer sheath of the type ptmEPFSTIEI | Yy
surrounds such a cable for power €distr4 bution. As traction equi pnent

often becones very 15 warm the insulating layer 33 can conprise heat
resi st ant the gelipieer 8yseey. hﬁﬂl%@ﬁeaﬁﬁﬁﬁéﬁgﬁ‘Qﬁubﬁiﬁﬁt&@Wﬁﬂ%ﬁmﬁ% The
sen1condu§§? g layers 32, 34 may conprise simlar naterial to the

i nsul ating Tayer but wi t h conducting particles, such as carbon bl ack,
soot or netallic particles, enbedded 20 therein. GCenerally it has been
found that a particul ar i nsulating material has sim/lar mechani cal
properties when cont ai ni ng no, or some, carbon particles. The
use of el ectrialarehiheseprayhdedlvath vagﬂesinavecbeemximfst@:t albheve ype

descri bed bove | e he .el ectri.c u as well
as the tr5 £F8n %ﬁalglr gn&%'héjr?se?@%’sld?ﬁeaep%r eaoll(?2 %pl | f‘?'ggi%‘]%l%de nor e
ef fi ci eAt variousaidamtyiropeiats opfni tdnadreioeally v!elstzgged ehectrhpl vy

v, o0r oo PEEEReph S0 AR B IReR  BoviBeR” et A BRI O 10

of the | ochbnouite ace@npcbim@s tgnetbe nbnventioni ;renifeesible. as Bhown in
Fi gures 31£9F§téon shall no*“EHELéf éhﬁ?d&%&%ﬁ§a&0£eﬁ££$58é&'9& pgd tage

are nor mal rrven tages o u to 1 kV and t oconot 1 ve
VO 99/290§gstems described with referance to the PravEPYs; Oygp covers

- 12 -10 all feasible systems defined in the appended claims.

Although it is preferred that the electrical insulation
should be extruded in position, it is possible to build up
an electrical insulation system from tightly wound,
overlapping layers of film or sheet-like material. Both the

15 semiconducting layers and the electrically insulating layer
can be formed in this manner. An insulation system can be
made of an all-synthetic £ilm with imnner and outer
semiconducting layers oxr portions made of polymeric thin
£ilm of, for example, PP, PET, LDPE or HDPE with embedded

20 conducting particles, -such as carbon black or metallic
particles and with an insulating layer oxr portion between
the semiconducting layers or portions.

For the lapped concept a sufficiently thin film will
have butt gaps smaller than the so-called Paschen winima,

25 thus wrendering liquid impregnation unnecessary. a dry,
wound multilayer thin film insulation has also good thermal
properties,

Another example of an electrical insulation system is
similar to a conventional cellulose based cable, where a
30 thin cellulose based or synthetic paper or non-woven

)



nmust therefore be equipped with a transformer and with speed- contr ol
equi prent, .the.l.atter constituting thyristors i n nmodern | oconotives.
The transf VHEP30&ed in the known Ioconﬂélve are oil- 5 fPFrER¥HWAZhave a
nunber of nmechani cal and el ectrical “dtawbacks, ‘as well as incurring
envi ronnmental prob|e The rotatin I nes_an S for Tlng
and operd@?%ﬁFi%ﬂ 15 t+P KRHRS | BESHD %ecﬂ%.%FE%Flogg f% ?eﬁ%
nechani caéemlcm@shmgr |m}er$habmaalbhedea$id&w| of tana m@l@tlm@ss 10
sati sf act extent o e
el i m nat oF AR B 3R B %%%t%%?%% éti?rrgfgfneﬁ i'C ‘%f%ﬁ stl‘?r{]a$ | east
one ofma@@ ﬁ&@mtflhraachfnessuiatheasm%¢%m4¢lrQﬁﬁxﬁ%ﬁhuﬁpﬂﬁm¢ﬁ ingt he
present nye ur; " Iac’g‘rpr&sep@@é/nm@nous
not or pX gi%fgs emb?% nechgh%ca pomgg %' | oconptive and havi ng
a mnnd|ngtherﬁ@ﬁefb@aeamhtghlabl@ﬁgénéébﬁe ﬁétéieﬁ%lFﬁPeGerﬁse Figure 2.
The winding of the notor 114 has the advantages whi ch have been descri bed
above. 20 Figure 3 shows a drive systemfor the notor, conprising
a transforner 122 and a thyristor bridge 123, connected via a snoot hi ng
and filtering gdel3- jﬁggggrﬁgr H2di bk
suppl i es the - ggéén%%%Fﬁgi %% EEQ&%??%% or 122 ﬁ%s a mrng?%g
formed f romﬂalm efilishand fibroushbapulat FaguiateriaihieltheRst®raer
therefore Q@§né 1= oraQ%f %@?%é%ﬁéétedgﬂx%§%£5§glgra@ﬂgg|5ﬁ§@qa@@gnless
ile

bul ky an a known ol transfor ner
10 system is the commercially available so-called paper

polypropylene laminate, PPLP, but several other combinations
of film and fibrous parts are possible. In these systems
various impregnations such as mineral oil can be used.
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- 13 - Figure 4a shows a drive systemincluding a rotating
converter W®®IEONPri sing a motor M supplied directly from PCTAR#W2Ent
collector 112 and a generator G whichigupplies tor 114 via

-p
a regul ator device 131. Tap 5 connections 1M"ﬂﬁm o used to
control the voltage supplied to tCIhIMS or 114K ' uﬂﬂﬁ* nof pol es
connect ed for coarse speed control. " * Ffgure Mbsshees an
alternative systemin which the rotating converter 130, which
preferably generates 10 nulti phase, e.g. six-phase ac, is connected to a
rectifier bridge_ 133 which sungies the motor 114 via a_ dc/3-phase ac
converter 125%-Fi gfir & "RE2SRoRE2GERGR ROECH! FOPRELFIRYI s§sYERIIRE N which the
supply fromthe rotating converter 130 to the notor. 114 is via an ac/ac

f requencyheqaveridzeli34in thdd said Nnwihaisyst enelsdeoan i fiires 4a, 4b
and 4c, eithert. ar otgﬁfﬂ.thq nntor.nggd genergtorvG are und using a
cabl e as “EXEMSHFPRTi A Frtfie ° PRELTORGHCEATS gt Es orS 2P M5E separat e
machi nés psieanidigga ac eubmtasitditl 1yorequigidtemntdtily ety falhe , r eirat isud.icbnverter
may conpril i.ng NiL : &S SGLI for l e, in German Patents
372390, &h%géggibgn%gﬁégggl%gl$h8g§6§ébgﬁgt%% v%%?er iy al so be a phase
converter as described in "Das Handbuch der Lokonoti ven", pp. 254-255,

"El ectri scher Bahnen” eb, 85. Jahrgang, Heft 12/1987, pp. 388-389, or
Lueger, "Lexicon der 25 Techni k", p.395.

2. A motor as claimed in claim 1, which is an
agsynchronous motor.

3. A motor as claimed in claim 1, which is a
10 synchronous motor.

4. A drive system for a locomotive or motor coach,
comprising a motor as claimed in claim 1, 2 or 3 and a
regulator device connected thereto.

5. A psystem as claimed in c¢laim 4, wherein said
15 regulator device is a semiconductor ac/ac converter.

6. A drive system for a locomotive or motor coach,
comprising a transformer having a winding, a thyristor
bridge supplied by the transformer, and a dc/ac converter
supplied by the thyristor bridge and arranged to supply

20 power to a traction motor,

characterized in that said winding includes insulation
consisting of at least two semiconducting layers, each layer



Figure 5 shows a systemin which the nDtef—&&ﬁ—rs—a———hrgh—voltage nmot or

which is s¥@glled by a regul ator device he current
col | ector P20M@ regul ator  device is pr HH’“]II“ Inml CHERSMBHduct or

ac/ac converter. 30 Slnce the notor- 142 +s suppdied with & high voltage no

r ansf or mer t her ngi n n r n
tgg?z;og_)gg?:OVldlng g X sta laqaylecg.lirrp?c?‘tesnt;jsaale Ui %%g#nd solid WO

- 14 -  insthetdohveesyweeamshidd tleamiadwanicadeagofialyersg conpact and
l'i ght. Al t hough certain voltage val ues have been noted above,
t hese shall only be considered as exanples. Simlarly, 5 various
conbi nati ons of conventionally designed electric ~machines and el ectric
machi nes provided with the magnetic circuit according to the invention
are feasible. 7. Th& drijveyHsiom shar| andOCOROLtAVEr ©1h U ERRHGEh

restrict e@m Ms ~sy§beaelﬁ§scebpear%kh helergNce tRihfiengr avhags, but
covers 10 a eaS|bIe systens defined in the appénded cl ai ns.

ALIhouéhaFFaﬁgeérEPeFPEH YhROWEKe t8l BcEFREREOPNBEIFEET on shoul d be
extruded in position, it is possible to build up an el ectri cal
i nsul at | ehaguetemikbeam fhghthytr waididi winddew! appthgdakayeisswiatidm or

sheet |1 KemaLEL el oe POk M 406 18,0 SANIEIES BuGLes2ndabhicrglest rical ly
providing a substantially equipotential surface, and solid
insulation between said semiconducting layers.

10 8. A system as claimed in claim 7, wherein the
rotating converter comprises a single wmachine having both
motor and generator functions.

9. A system as c¢laimed in claim 8, wherein the

rotating converter is a phase converter.

i5 10. A system as claimed in claim 7, 8 or 9, wherein
the rotating converter supplies a regulator device.

11. A system as claimed in claim 7, 8 or 9, wherein
the rotating converter supplies a rectifier bridge which
supplies a dc/ac converter.

<

20 12. A system as claimed in claim 7, 8 or 9, wherein
the rotating converter supplies an ac/ac £frequency
converter,



can be forned in this manner. An insul ation-systemcan be made of an
all-synthetic filmwth inner and outer . ayers or
porti ons mAtR¥¥Wol ymeric thin film of Im ﬂ‘.ﬁ WCWWEBPE or
HDPE wi t h enbedded 20 conducting paftligles, bl ack or
metallic particles and with an |nsulat|n Iayer or portlon be ween t he
seni conduct i ngt -ay Y sPBFCHorAY ofigsStem as Claympa ¢ pB Iaé‘p/petlr“cﬁ?l
;uf f Ih Ci er&laant hi rbﬁa:{]amwﬁzed Wgwazmt HaPSessml digg dhagaidelsgeral I 2dd
aschen ma t hus .renderin regn n_unnecessar ry,
wound nul iﬁﬁgaﬁﬁ9+4i qﬁ% ﬁgécgg 8go%§?ﬁ%?ﬂeﬁXPa?ﬁ%%%rtles.
Anot her exannke:mﬁ‘xﬁ1xﬂsuﬂaﬁmnﬁ. |nsulat|on systemis simlar to a
conventional cellul ose based cable, where a 30 thin cellul ose based or

synt heti c paper or non-woven WO 99/ 29019

PCT/ EP98/ 07727 - 15 - material is Iap
wound around a conductor. In this case the sem conducting | ayer

ei ther i de ofl4an iAsBPEEY NPT F¥Shem esn Paimase P eay LIP%%@&%‘@FE

non- woven. yiBter i alhardBde-ifemiki Bhas ehel E§Hka§>a’aﬁs sk e hdl SRl ¢ t h
conducting 5 partlcles enbedded. The insulating |ayer can be nmade from

t he sane SHaBRIRBELEF| SEXEHIENdthrRemPREPEl EZADSECHREY. or Trotating anot her

exanpl e Qfo%ﬂde&ul@én@ﬂsﬁyswmlaﬁnlqmt@dﬁeﬂz&yt pafbi Rindy dr | Fawgld fibrous

i nsul at i mater,jal, eit as
r%%rged iron and or cast iron and or powder-based iron.

10 15. A motor or system as claimed in any preceding
claim, characterized in that the innermost semiconducting
layer (32} which surrounds at least one conductor {31) is at
substantially the same potential as the conductor({s) (31).

16. A motor or system as claimed in any preceding

=
Ut

claim, characterized in that the cuter semiconducting layer
(34) is comnected to a selected potential.

17. A motor or system as claimed in c¢laim 16,
characterized in that the selected potential is earth
potential.

20 ig, A motor or sgystem as claimed in any preceding
claim, characterized in that a current-carrying conductor of
the winding comprises a plurality of strands, only a few of
the strands not being insulated from each other.

i3. A motor or system as claimed in any preceding
25 claim, characterized in that said winding(s) and also



| am nate or as co-lapped. An exanple of this jnsulation 10 systemis the
commerci ally avail abl e so-cal |l ed paper pob!ﬁwm | ene | am nate, PPL

P, but
several ot @ 9%RM®nations of filmand fi ﬁtﬂl"sﬂlﬂ'ﬁlﬁ'@?ﬁ%?’@’ﬁ" I n
n be used.

t hese systens various inpregnations,guch h
WO 99/ 29019 PCT/ EP98] 07727

';16-t' pe:t:manently_ insulat"jedd_ é&;ﬁié@:ihon ?onductddrs_ A:ttﬁ preisih 4
raction notor conprising a w ndipr charagcterize | .

wi nding FRRPLRSSUTRERF g’??%‘ﬁeen @g‘hsﬁ%ﬁ% Bt a S é\%&eg%sGo?ducti ng
| ayers, eachadyer (65 primyi deofid siibsilattiical | forqliigdt emelbdgsurfiiace, and
solid Lnsulation bet sal.d . | conductd | : 34 a2 A
not or as %?%?T’r%‘ﬂ"‘l‘g %T aly\%?éli,ewvﬁi%%ﬂlgs' an "*l{%sl ﬁcﬁrszn(gl]?s' e

3. A nbtalscastrzhdsnds) i whithimay lbe imselated op upinHinkdihous notor.
4. A drive systemfor a | oconotive or notor coach, conprising a notor
‘as clainmed in claiml1, 2 or 3 and a

20. A motor or system as claimed in claim 18,
characterized in that the high-voltage cables (6) have a
conductor area of between 10 and 3000 mm2 and have an outer

cable diameter of betwsen 6 and 250 mm.

10 21. A motor or system as claimed in any preceding claim,
characterized in that said winding is designed to carry a rated

voltage of at least 10 kV.



regul ator device connected thereto. _ 5. A systemas clained in
claim4, wherein said 15 regul ator device is a sem conductor ac/ac
converter. WO99/29019 6. A drive systemfor a |oconotive opcmepgs/orerrach,
conprising a transforner having a winding, a thyristor bri dge supplied by
the transformer, and a dc/ac converter supplied by the thyristor bridge

and arranged to supply 20 power to a ﬂr tGon not or, characterized in-
that said winding includes insulation consisting of at |least two

sem conducting | ayers, each |ayer WO 99/ 29019

PCT/ EP98/ 07727 - 17 - providing a
substantially equi potential surfac and solid i psul ati oR between said
sem conducti ng | ayers. 7 A drive sysrem¥ or~avl oconotive or
not or coach, conprising a rotating nverter Vi ng wi ndi ng and 5

arranged to supply power to a traction t§1r charactsrized in that said
wi ndi ng i ncl udes i ngel pfro consi st of/ft ast two gem conducti ng
| ayers, each | ayer pr&i,g‘ng a substggt' I

t

ﬁ;?ot&_enti | surface, and
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solid i nsul ati on between sai d sergjon
OO' OO
O OO
50 50 7
O
o 8
O
o O
OO
50 5
O
2 O
00,2 b
00 000

34

6 <




10 8. A systemas clainmed in claim7, wherein the rotating
converter conprises a single machine having both not or and gener at or
functi ons. wo 9920019 9. A systemas clained in claims8, WEFEP$ATRY
rotating converter is a phase converter. 15 10. A system as
claimed in claim7, 8 or 9, wherein th otating converter suppliés a
regul at or devi ce. 11. A sygt nﬂis clained in claim?7, 8 or 9,
wherein the rotating converter supplies a rectifier bridge which
supplies a dc/ac converter. 20 12. A systemas claimed in claim?7,
8 or 9, wherein the rotating converter supplies an ac/ac frequency
converter. WO 99/ 29019

PCT/ EP98/ 07727 13. A notor or systemas clained in any preceding
claim characterized in that at | east one of said |ayers
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has substantially the sane coefficient of thermal expansion as the solid
i nsul ati on. 14. A notor or systemas claimed in any preceding
claim chard@?@ﬁ?%@ﬁ in that the flux paths in the core of chmgggaﬁ?gc
circuit in the notor, transformer or rotating converter consists o

| am nat ed sheet plate and/ or rough forged iron and/ or cast iron and or
powder - based i ron. 10 15. A or systemas clained in any
precedi ng claim characterized in gﬁ t 3he i nnermost sem conducti ng

| ayer (32) which surrounds at |east one conductor (31) is at

substantially the same potential as the conductor(s) (31). 16.
A motor or systemas clained in any preceding 15 claim characterized in

that the outer sewm 34) is connected to a selected
potenti al . 17. A nRtor or systemas clainmed in claiml6,
characterized in_ th t he iﬁgEFtEd pot enti al Fb‘Eirt%ﬁgj potential .
20 18 A n&ﬂéﬁ or syste claimed in any' p edi « claim

characterized in that {a current-carrying conductor of t he wi ndi ng
conprises a pluralityjof strands, only a few of the strands not being

i nsul ated from each ot =
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In that said w-ndi ng-(s)
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A motor or system anl}t
and also

per

OB b

2 % Q?)el:ledJ._n@ZS claim

I Nnsul b8 wnTeG BARRCIRARTY GRIRGHMTIRT S
he system units dramfppbBared usi ng

SOlIdINWEMNATKXWUTEM?HK%ﬂﬂﬂ(@UEEEMEDdﬂﬂﬁi&!ﬁﬂPkﬂﬁ&[@QONE@SDKWWIREATY(PCD

_

!UULL | Ig ﬁéﬁﬁ[ g J% 64) , d IU

@E@K 4 BTV 'f;éﬁ i3 hat | &b L g O O > o "

cI i m d £ hat g s (6)
co duck {#8 area of hetween 10 and B0QG (‘B M‘?’ g‘%ﬁﬁg%?’a%‘n Qut g(?ﬁ%%g@hio.oé,gg)

q P nd 250 o)

cI ?;r;})e mn angpp\é%g‘%“e%m%g claim 98/077&1247}%}& [ggia }3@ ﬁaﬁéﬁ' Aaqgé’rﬁ %Swﬂ?&' @ritity
des g iaeknitionat RRsgDat: raB@ﬁovcmW:QbQ&&l@&l cy at | eash, DEODK Wiility model), DK, DK (Utility model),
EE, EE (Utility model), ES, FI, FI (Utility model), GB, GD,
CE, GH, 6M, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR,
{ €36} Pri aynmai//’ |/ KZ LG IX IR, L§, LT, LU, LV, MD, MG, MK, MN,
. i} 9725337.1 zmmmwwm/w Wmmmmwmwm%@mm

(71) Applicant (for all designated Sties except USk| ASEA
BROWN BOVERI AR [SE/SEL, 5-~72] 83 Vasterss (SE).
S B R

(72} Inventors; and

(75} Inventors/Applicants (for US onlylr J ON, Mats [SE/SEL

Hyvlargatan 5, S—723 35 Visterss BIORKLAND,
dexs E E], Bjomova asA S-723 48 Visterd
Vasteris

Bangaten, 5B, S5-722 28
A.LFRH}SSON Lars SE}; Infanteri-
gatan 52, S-723 50 Visterds (SE).

{74) Agent: NEWBY, Martin, John; 1Y, & G.W, Johnson, Kings-

bourne House, 220-231 High Holbom, London WCI1V 7DP
{GB).

SK (Uslity modei), SL, TJ, TM, TR, TT, UA,

VN, YU, ZW, ARIPO patent (GH, GM,

SZ, UG, ZW}, Burasian patent (AM, AZ

RU, 17, TM), Buropean patent (AT, BE

ES, FL, FR, (8, GR, IE, IT, LU, MC,

patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW,
Published

NE, SN, TD, TG).
With international search report. /

Before the expiration of the time limir for amending the
cloims and 1o be republished in the event of the receipt of
amendments.

{

s

(54) Tifle: TRACTION MOTOR AND DRIVE SYSTEM _~

(57) Abstract

A three-phase traction motor, or 2 transformer or rotating convertor in a drive system for a traction motor, comprises a winding
including insulation consisting of at least two semiconducting layers (32, 34) each providing a substantially equipotential surface, and solid

insulation (33) between the semiconducting layers.




