1 Method for deicing a power supply line for railway vehicles The present invention relates to a
method for deicing a power supply line for railway vehicles, said line extending between at least a first
and a second reversible substation able to supply an electrical current circulating on the electrical power
supply 5 line, the first substation being controlled in a &urrent supply mode, to supply an electrical current
to the electrical power sup%ine and the second substation being controlled in a current recovery mode,
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20 Such a method is not fully satisfactory. Indeed, it requires in particular that trains
be run empty all night for the sole purpose of preventing ice from forming, which incurs
substantial costs.

To deice the power supply line, it is also possible to run a scraper train on the
concerned line provided with special bows performing the deicing or to put the line in

25 short-circuit by connecting it to the rail using an additional electronic system, for example
including switches and resistors, to create an electrical current and keep it at a certain
level.

Such methods are not fully satisfactory. They require the use of specific
equipment, which is not usually present on the line. Furthermore, putting the electrical

30 power supply lines in short circuit is risky for operators and the general population.

One aim of the invention is therefore to obtain a deicing method that is easy to use
and inexpensive to carry out.

To that end, the invention relates to a deicing method of the aforementioned type,
characterized in that it comprises a step of establishing a voltage difference between the

35 output terminals of the first and second substations such that a current circulates on the

electrical power supply line between the first substation and the second substation and



2 that the heat produced by the circulation of the current causes the deicing of the power supply line
between the first and second substations. This method can be carried out without specific equipment
and controlled remotely, which limits costs and makes maintenance easier on the line. 5The method
according to the invention can comprise one or more &f the following features, considered alone or
according to any technically possible combination: the method comprises a step of choosing and
controlling the VBftalge BRFERIALLCEENEER MELAII P AT DA S P g eBe Shd SuWations; the
first substation anghbhinsdeometsuistasicmeaetoodisysseianseversible power 10 converter, such that the
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supply line and to a rail such that the current circulates in a'loop passing successively through the
substation contPSHEEEM DS P R EUHRCHBREASHREN 850G REBRRr supply line, then through the
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in currenfosupplyomeAs:, such tHie MEthRY cORRIERRS MStaR ofdparpWinadhshieraPeraliyie @p or near the
power supply Iineéthte voltaﬁ]e ditffererlme bginé]r established if the rénea%éjrt dte ! rature is below 25a
pre-established0 hrSshold: “the mathBd g]oom%rlségr%leréttéepc?)\feéﬁen&lﬁgal a rgimv%yove fdB Grefates
between the susSvbPoNtiiNg|thg o prffliRn cecBRiAf BStaishd $eARNAaRRRUaRRCIE iISWIRNblating
between the firsugpig iwisaaandrraHstatiosy ansticthespeviesigupply line extending between more than two
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supply mode and current recovery mode, respectively, and a step of establishing a voltage difference
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example, and dong-ddefetenes Qs aRrended drawings, in

- each substation is connected to the power supply line and to a rail such that the

current circulates in a loop passing successively through the substation controlled in

20 current supply mode, then through the power supply line, then through the substation
controlled in current recovery mode, then through the rail to return to the substation
controlled in current supply mode;

- the method comprises a step of measuring the temperature on or near the power
supply line, the voltage difference being established if the measured temperature is below

25 a pre-established threshold;

- the method comprises a step of checking if a railway vehicle circulates between
the substations, the voltage difference being established if no railway vehicle is circulating
between the first and the second substation; and

- the power supply line extending between more than two substations, the method

30 comprises a step of choosing two substations to be controlled in current supply mode and
current recovery mode, respectively, and a step of establishing a voltage difference
between the output terminals of said substations depending on the segment of the line to
be deiced.

The invention will be better understood upon reading the following description,

35 provided solely as an example, and done in reference to the appended drawings, in

which:



which: 3 figure 1 is a diagrammatic illustration of a railway network equipped with substations able
to carry out the deicing method according to the invention; and figure 2 is a diagrammatic illustration
of the implementation of the inventive method by the railway network of figure 1. 5The invention is
applicable to a direct current power supply line for rail®ay vehicles. The direct current railway network
5 shown in figure 1 includes an electrical power su&ply line 10, connected to an electrical power supply

network 15 via reversibf&@4§odtdfioh B9 ABHREG B NnStafio! ete ety A s 98 tRRRh 4Blk, in a
current supply susgtimpelede curyent tbelleiagteotregbd g eveerdingpiplyhkrievéltiandaatso able, in a current

recovery mode, to recoygyusrentlTaaysaichRRVALSHRRIY inendOntherrerrvisred: cue eRidetexample
coming from the brakcinb%1 fa riilwar}/ vethg fcong?cted to the power supply line 10, and to return it on the

electrical powepseﬁ%% y A GI RS NPTl uray hetwork 5 includes a number n of reversible

substatioRs 20, distribltedierdignlas inpehgaicalong wecelcifienl Pewer Supmly itfe fro. Ty @implify figures
1 and 2, only tweHrwgrsible substations 20 have been shown. The railway network 5 also comprises

a rail 22, on which a rajlwa icle | I . [ S ' i i ce ZR, for
example equal to 18 ri’j)%@rﬁe\ég?gﬁrzlgﬁsﬁtra%?ﬁgagg %@g&ﬁ.t %\%@ l;rﬁa&:ga!?%llri#%@%?i?ﬁa%%‘%&%%%?cany

connected to the'PEYe Bl SuBLEAREIRE 26. a0 SPREIAOORED SHRARY SEPHRKIde MPhERYY HIfminal linear

impedance ZL. stivgationsig@l linear impedance ZL is for example 0.05 0/km for direct current overhead

contact Haes and 0.02 R&smsipl UBEIFFERk SOt sREREbHNEROIHNE BRLFRILGHRR- rhbgeVaue of 25the

nominal linear llﬁ?gielgance ZL of the electrur:&I) ower sll;qglg/ilé]e 10 IS g{%?er? Ikr)]y the specifications of the
power supply line"10.

e current to the electrica er supp and also a current recovery
mode, to recover current from said power supply line 10, the recovered current for
example coming from the braking of a railway vehicle connected to the power supply line
10, and to return it on the electrical power supply network 15.

15 The railway network 5 includes a number n of reversible substations 20, distributed
at regular intervals along the electrical power supply line 10. To simplify figures 1 and 2,
only two reversible substations 20 have been shown.

The railway network 5 also comprises a rail 22, on which a railway vehicle is able
to travel. The rail 22 has a nominal linear impedance Zg, for example equal to 18 mQ/km

20 for a standard track with two parallel rails. This rail 22 is electrically connected to the
reversible substations 20.

The electrical power supply line 10 has a nominal linear impedance Z,. This
nominal linear impedance Z, is for example 0.05 Q/km for direct current overhead contact
lines and 0.02 Q/km for direct current ground contact lines of the 3" rail type. The value of

25 the nominal linear impedance Z_ of the electrical power supply line 10 is given by the
specifications of the power supply line 10.

The electrical power supply network 15 is a wide area electrical power distribution
system. It is for example a high-voltage three-phase alternating voltage system.

The reversible substations 20 are identical to each other and only one of these

30 reversible substations 20 will be described in detail.

The reversible substation 20 includes a four-quadrant reversible power converter
25 connected on one side to the electrical power supply network 15 and on the other side
to the power supply line 10.

A traction transformer 30 is arranged between the converter 25 and the power

35 supply network 15, so as to lower the alternating voltage coming from the power supply

network 15 to an alternating voltage accepted at the input of the converter 25.



The electrical power supply network 15 is a wide area electrical power distribution system. It is for
example a high-voltage three-phase alternating voltage system. The reversible substations 20 are
identical to each other and only one of these 30reversible substations 20 will be described in detail.
The reversible substation 20 includes a four-quadrant4eversible power converter 25 connected on one

side to the electrical power supply network 15 and on the other side to the power supply line 10. A
traction transformer 3018 SRPYRYEPBANALENRRIE HRUFHET FBAL AR tHY ﬁé@v’@?'%@%ﬁﬁfiﬁd@(\%?k 15, so as
to lower the alteeqtfieBoottagedethingitopartiel poweirsiepph4aeilerie i dblarnaiterteatiigoaoltage

accepted at theginRuteah theifenyetebPRvetter mJJ@e converter 25 is a reversible converter that can, for
example, be made up, of a rectlflerd35 connected I ntl ?rallel to an inverter O The reverS|bIe
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10The convertdP9B9Wel SHRRAHABIACOrHRINER. At d3ra Rt B RS B OB NARLRIEIE cBR%rol module
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supply mgde, i.e. fronythe doyriter ’E‘fx’% EpéBenr&raBﬂ@rcmﬁeeean%vi%tvemﬁ the subIlQﬁorr?CiHier 35 is for
example formedbt controlle rectl ier r| %e madef 15th nstorfstﬁe ower transi tors such as IBGT
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a CO 0 to co tI‘O t e Wlt In er er
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rectifier mode and vice versa.
The rectifier 35 is for example formed by a controlled rectifier bridge made from
15 thyristors or power transistors such as IBGT transistors (Insulated Gate Bipolar
Transistor).

In an alternative that is not shown, the rectifier 35 and the inverter 40 can be
incorporated into the same equipment to form the reversible converter 25.

The reversible converter 25 is able to generate, at its output, i.e. at the electrical

20 connection point of the substation 20 to the power supply line 10, a desired voltage Uc.

Such a substation 20 is for example described in document EP-1 985 490.

Each substation 20 also includes a device for measuring the voltage Uc at the
output of the substation 20, this device being able to verify that the output voltage
corresponds to the command voltage Uc.

25 Moreover, the railway network 5 comprises, at each substation 20, a device for
measuring the intensity | of the current circulating on the power supply line 10.

According to one alternative, the railway network 5 also includes one or more
temperature sensors (not shown), adapted to measure the temperature of the electrical
power supply line 10 or temperature sensors adapted to measure the ambient

30 temperature near the electrical power supply line 10.

The deicing method according to the invention will now be explained in reference
to figure 2.

In a first step, the operator chooses a segment T of the power supply line 10 to
deice.

35 He then determines, in a second step, the first substation 20A and the second

substation 20B between which the segment T of the power supply line 10 selected in the



The reversible converter 25 is able to generate, at its output, i.e. at the electrical 20connection point of the
substation 20 to the power supply line 10, a desired voltage UO. Such a substation 20 is for example
described in document EP-1 985 490. Each substation 20 also includes a device for measuring the
voltage UO at the output of the substation 20, this deviee being able to verify that the output voltage
corresponds to the command voltage UO. 25Moreover, the railway network 5 comprises, at each

substation 20, d"§b¥eR FeRtEad0fME HERRIRSISLARM A B FFEMLRRARNAY BOPAE S6REREpply line 10.
According to orw altéstzatieel,theéhaflwasuhstbionk28ais0 thelsetiesdadsatinor2Z0tang énaguaeplensors (not

shown), adapteg| {aaeasusgdbenteamnrr aty e o hesalpfirinal ROwWeheyRRY ineld & tegyperature
sensors adapteguggtm_easu e the ambiecpt 30temBer9ture near dﬂ}e eIectrLc:%t ovk%er supeghi line 10. The
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deicing method accorc?lng ShSivErmiere i Adwe efpﬁalned i Teference 1o Ygure n afnrst step, the

operator ehoosé4batatejinematesfine podreirsippty- IIMi.0he HeiceubssiientReA aateitnifeeONA a second

step, the first spstadiam 208 amnddhexaagmndstiestat 02 dretvrernn sdiicbdhasegsappl Tiref the power
supply line 10 sglected in the 5 first step extends. The first substation 20A and the second substation
20B are separated by a distance dAB. The first substation 20A and the second substation 20B are for

example substations d8faeeHERbRG HEPEFEPUMDIFHRY Y 9Re 9 mEsvaiBdaldre .Y M5E slibstations
that are not adjaesveeantedissapstaien 2 raeddie ctvenb\sabstativbe?0s & substatiohs snvallar than or

equal to1y2. ThyssitbEficelsHPpsiaiem#PfbanshEe second substation 20B can for example be the end
substations of the eleftrica}I].PcPV\t/er %ngp'é Iinte 1(%. 'IO'Ih.e. Oé;eratort tefi]ntﬁysur.eﬁ thtat no railway
vehicles are traveling Orfthe se‘c’ge et TP BE R 2RE% & SRR HE P oo ﬁf'ev'séeecsor?dné%lbestation 20B
or are about to GiflataPn ththeofifat BIPebdBedL8udStktlbas 200\ for this current | to circulate on

the power supply line 10.
He then deduces, from the chosen deicing current |, the corresponding output
15 voltages Uca and Ucg to be applied to the output of a first converter 25A of the first
substation 20A and of a second converter 25B of the second substation 20B, respectively.
The output voltages Uca and Ucg are different from each other. The voltage Uca is higher
than the voltage Ucg.
In a fourth step, the operator controls, via a control module 45A of the first
20 substation 20A, the operation of the converter 25A in current supply mode, i.e. in rectifier
mode. At the same time, he controls, via a control module 45B of the second substation
20B, the operation of the converter 25B in current recovery mode, i.e. in inverter mode.
A voltage difference D is thus established between the outputs of the first
substation 20A and the second substation 20B. This voltage difference D is equal to Uca-
25 Ucg. This voltage difference D is positive. It causes the circulation of a deicing current | on
the power supply line 10 on the segment T between the first substation 20A and the
second substation 20B.
This voltage difference D must remain below a maximum value defined by the
standards in force. For example, for a direct current power supply line, the European
30 standard requires a voltage difference D at most equal to 400 V for railway vehicles
operating at 600V, 500V for railway vehicles operating at 750V, 1000 V for railway
vehicles operating at 1500 V, and 2000 V for railway vehicles operating at 3000 V.
According to one embodiment, in a fifth step, the voltage sensor measures the
voltage at the output of the first substation 20A and of the second substation 20B, so as to

35 verify that this voltage is respectively equal to the command voltage Uca and Ucg.



In a third step, the operator chooses a deicing current | that he wishes to make circulate on the power
supply line 10, as well as a duration for this current Ito circulate on the power supply line 10. He then
deduces, from the chosen deicing current |, the corresponding output 15 voltages UcA and UcB to be
applied to the output of a first converter 25A of the firs@ substation 20A and of a second converter 25B of
the second substation 20B, resPectiver. The output voltages UcA and UcB are different from each other.
The voltage UcA is hi§RERYPRR tﬁ'é%S'ﬁﬁ[ﬁ'é"’l'J@@T‘ﬁ?%?‘f’oﬁ??ﬁ’%@pﬂ‘fhErﬂp%’?‘é\té?%ﬂtr%lg,s\?i“aoﬁscontrol
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20B. ThisvoltagebgifieeReB pvareg e tssUikstatioy A TsishavtaigdidifePence D is positive. It causes the
circulation of a deicingigieisltpndhepavanseppinlitecdiating thensg@neniupieivean trerisst substation
20A and the SeSQ&ﬂe%'t“?ﬁ?é}ﬁBl%Q:B' This voltage difference D must remain below a maximum value
defined by the standards in force. For example, for a direct current power supply line, the European 30
standard requires a voltage difference D aTUnmst al to 400 \Pfor railway vehicles operating at 600V,
500V for railway vehicles operating at 75[2y,AB9DV for ridway yphiclgs operating at 1500 V, and 2000 V
for railway vehicles operating at 3000 V. According to one embodiment, in a fifth step, the voltage
sensor rh@asures the wotagg &t ttieenoonipait ok thénfirst andesititierp@0ék angpigfitteelSecond substation 20B,

so as to 35verify that thigYRiagRiislBsRaciyRs 8 fRthe ssmmand voltage UcA and UcB. 6
Because of the electriéal conneg:tion %twee the first and secongt ugstatiobns 20A gOB n?n the rail 22,
supp! the"Hirs

the deicing current 1 d é%%eego t"’l%%S' %&QFS}&%W&ESHW%@“&%%%? u r)?tli%é ita“PrBr% {Substation
20A towards théeseadaHbsiayombeR. 208, i.e. over the segment T of the power supply line 10, then through
the rail 22, from the segoRdthsulstaiiernngtB oy drstheufisgitpmbstationd20A, sasdaosindtadigure 2.

The intensity | e deicing current circulating in the power supply line 10 on the segment T is equal to

1 [UcA-UcB] 4+7R]xdAB I[4+ZR xdAB
he value of the deicing current | is chosen so as to optimize the deicing effect,

and in particular so as to make the deicing as fast as possible, while avoiding excessive
heating of the power supply line 10, of a nature to damage it.
The value of the deicing current | depends in particular on climate conditions, the

20 nature of the railway network 5, in particular whether it involves a subway, tramway, or
main railway lines (inter-regional or international system), as well as the nature of the
power supply line 10 and in particular the dimensions of the wire making up the power
supply line 10, therefore the linear impedance Z, of the power supply line 10.

The deicing current | cannot be greater than a value I,.x above which the power

25 supply line 10 and/or the related equipment may be damaged. In the event deicing
requires a current higher than I, for a given circulation time of the current I, the operator
chooses a longer circulation time of the current I, so as to obtain an equivalent deicing
effect without exceeding the maximum admissible current value I, According to one
example, the circulation time can be between several minutes and several hours.

30 The circulation of the deicing current | causes heating by Joule effect in the power
supply line 10 on the segment T where the current | passes, and thus melting of the ice
and/or snow present on this segment T and therefore deicing thereof.

According to one embodiment, the deicing method according to the invention also
comprises a step of measuring the temperature T, on the power supply line or the ambient

35 temperature T, near the line 10 using a suitable temperature sensor, the voltage



10where ZL is the nominal linear impedance of the power supply line 10, ZR is the nominal linear
impedance of the rail 22, D is the voltage difference between the outputs of the first substation 20A
and the second substation 20B, and dAB is the distance between the first substation 20A and the second
substation 1520B The value of the deicing current’| is chosen so as to optimize the deicing effect,
and in particular so as to make the deicing as fast as possible, while avoiding excessive heating of the
power supply lif&1Q%6"et B Hﬁ'ﬂ“&@%@lﬂﬁﬁ?g%fetkle ﬂ?@%ﬁﬁ’é%‘?@ﬁ@ﬂé‘ﬂh@ clrfeREPHEDHBNER Pparticular on
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(0} ch se ECI articu
the linear impedancé HOGrthe po We? supp 8g%|ng curreAt't E3hethe greé"'ter than a value

In. abovewhiceReifssrer2Ehen gpignmis M@e&ﬂ@m’r ‘fh@oﬁé]at@@ mp&m@ﬁthﬁﬂylﬁ@w@m@f@qn the event
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temperature TLOHIHE power supp i AP RRE AR bieh%s emperature FATNAr the e using a

suitable temper&gifeskFiedRbONE \ESIaRle deidiferpREeDSHRMYIBStablished if the measured temperature
TL or Ta is below a gives jquergtatdinbeddtuemiptd the ineng@ometiodageaiaing tof e isyantgn is

mplemented repialldy: 3n SRSIASL G t&ﬂb’%ﬁé‘&%&% olisamenetginecedgdepending i

partlcular on weather 5 conditions Whether eicing is usefu hoosin € intensit Oft edelcmg

current aRd the B EAMMRSIEARI ofHAE civenien on Ad&?@lmfftbeﬁ?fé'@ﬁ]ﬁiiaﬁtﬁg?ﬁsth@ﬁ{btﬂr@d can also
be implementegéemameniopnetett aeytbe pnvihasgade|iibesnaivbyyrebncdd ddtevpayvbb/stpphprises a
control module gfe to decide that deicing is necessary and choose the value of the deicing
The method according to the invention is also particularly simple to carry out, since
one need only select, depending on a desired deicing current, adapted output voltages of
20 the converters of certain substations to obtain deicing of the power supply line between
those substations.
The method according to the invention is also less expensive to carry out than the
known deicing methods, since it does not require that trains be run all night, or that
additional equipment be used.
25 Furthermore, this method is very safe to use, since it can be implemented remotely
without needing maintenance staff at the segment itself.
According to one alternative of the converter 25, it is a two-quadrant converter.
In the preceding, operation in current supply mode corresponds to the operation in
rectifier mode of the reversible substation 20A, 20B. The operation in current recovery

30 mode corresponds to operation in inverter mode of the reversible substation 20A, 20B.



10 current | and the circulation time of the current I, in particular from temperature measurements done by
the temperature sensor, then to control each of the steps of the method listed above, so as to deice the
power supply line. The deicing method according to the invention has the advantage of not requiring
that specific additional equipment be provided to deic&the power supply line. In fact, the 15 method
according to the invention only uses the reversible substations, which are permanently present along the
power supply line, since they are used to supply thg—lsﬂkﬂﬁy line. The method according to the
invention is also particularly simple to carry out, since one need only select, depending on a desired

deicing current, adapted QuamMbY RaassRf 28rdReGRBVEIERIS QhSSTAIR BLFERTANRIQ RS, deicing of

the power supply line between those substations. The method according, to the invengion is also less
exponsive 10 oo AUE TAah B B0 N thBAL SHLE R0 Fera 2 it A sOhe rum a
night, or that adfiBoAbledqUAPPREAhHEIAEGR! 2BIERtHB PHBHRLITINS Priethe@asicRl RoufesHPRI¥dNSince it can
be implementedu®matelyswishesthieeding maienancratalfathesegmenhiself. b eeppiingto one

alternative of thg CONVENIGHER: i 1% ARG ,ﬁ@Jﬁﬂév\?&%ﬁdbﬁ|i'r¥kt?§))°5%%ef#@%e8&% AR guirrent supply

mode corresponds to the operation in rectifier mode of the reversible substation 20A, 20B. The operation
in current recoVeRPBBRMSOTEPHEE o ARG TS B FRIAREN TP Hisv &HHECIYEUE O P Y Fal evEiRit QU¥Ration 20A,
20B. 8 CLAIM$he elediricAl ipatleocdpplddicenla) directseondrénbapdwer supghciiivel (RO)dorstamiplyay vehicles,
said line1d.0) exfaRdiRgBetese mahipstiAftriaed & serrndiersrphie SHREAIPRLZRNRLIB) able to
supply an electriclztil cugﬁnt m; ci Iﬁ Igt{\q@ onﬂt]he e{ecttrtical power %ugplgtline (51%2. tge fgstt tsubstation (20A)
being controlled M Tarrént sﬁp&;ij Mode. to guo|r5J }lljaﬁre earical curféntaffjjtoe 1€ eleC ?lgé??)sbwer supply
line (10) and th&28&c@RB)saviatieh L20BeBkihy deHR e ANNke celfdntaeBBVENSHBYE!IE @Bbver the
electrical curremetl)dsanmthereletisitadqoyrenpapplyhbneescba) andssars if2oagtkann anaelestieal power

supply 10 ”etWBFEcz(E)'z\)%h 89%&%&1%8?E}Qh%hé’nfﬁ%‘?r(il?%gd%e@%tei‘g%%ﬁﬂ&%?%?eap%‘?e? Slsxiaplishing a

voltage difference between the output terminals of the first and second substations (Z0A, 20B) such

that a cutPent (1510 EIAERSD Gif et BRERTEANHSYNSILAPRD 7 e PRY) between the first substation (20A) and
the second substatior2(20B) deidrihan¢hwdheatqdiduicecdiy thelvaraateticet of that ducoentridgcauses the

deicing of the pQwehERLHRIRMHEEd controlling the voltage difference (D) between the output terminals of
the first and second substations (20A, 20B).
3.- The deicing method according to claim 1 or 2, characterized in that the first

20 substation (20A) and the second substation (20B) each comprise a reversible power
converter (25), such that the first substation (20A) and the second substation (20B) are
capable of operating in current supply mode or current recovery mode and in that the
method comprises a step of controlling the operating mode of the first and second
substations (20A, 20B), in current supply mode and current recovery mode, respectively.

25 4.- The deicing method according to claim 3, characterized in that the reversible
power converter (25) comprises a rectifier (35) and an inverter (40), connected to the
rectifier (35) in anti-parallel, and in that the first or second substation (20A, 20B) operates
in inverter mode when it is controlled in current recovery mode and in rectifier mode when
it is controlled in current supply mode.

30 5. The deicing method according to any one of claims 1 to 4, characterized in that
each substation (20A, 20B) is connected to the power supply line (10) and to a rail (22)
such that the current () circulates in a loop passing successively through the substation
(20A) controlled in current supply mode, then through the power supply line (10), then
through the substation (20B) controlled in current recovery mode, then through the ralil

35 (22) to return to the substation (20A) controlled in current supply mode.



15(10) between the first and second substations (20A, 20B). 2.- The deicing method according to
claim 1, characterized in that it comprises a step of choosing and controlling the voltage difference (D)
between the output terminals of the first and second substations (20A, 20B). 3.- The deicing method
according to claim 1 or 2, characterized in that the firsP20 substation (20A) and the second substation
(20B) each comprise a reversible power converter (25), such that the first substation (20A) and the
second substation (20BY 37 85PIENEGPE FEFIHTSI P AN SE A FAFH O IR BroelIREMP 9889 mode and in
that the methodreaspingabatsiepeciweninotinggdn¢he pensems. pphdnef(toe firstvatagseterdrsigbstations
(20A, 20B), in %f%@ﬁq%l&&lmm@q@r R HEBRLRAPE NI ISe ERSR BRILE IR b lgicing method
according to claim 3, ¢ %ac(gerized intﬁh%t ther vertsible powe qo_nveétter éﬁZS@ comprisesta refctifier (35)
and an inverter (40), donnécted'td the'1aet |8Cr’r§'§i i %nr}'tigﬁgr%lféﬁméﬁ iR that e irst 3°s8c8nd
substatiof (20A6"2ORND e aftan KR FirAdaeVPRINGETS the ravbiEHaRsScERRNEPBEOVErYalRS®e and in
rectifier mode vdiresndinde conbaiigaitaplisnentistppiiwagdenid@bis Tdreulgisinpemethogaararaiag to any one

of claims 1 to 458%%?{@%%%@9&9(%, %551_ sub;tation (ZQA, 20B) is copnected to t.he power supply line
(10) and to a rail (22) such that the current (1) circulates in a loop passgl?zfuccesswely through the

substation (20A) contfolletf HFENYEREEARALFHYOR 8N PRFIGIARE bk PPIFTREPPLOY Ehen through
the substation (Q0Bxemdiodldetweennmeme tbeovepysoistiiotise(2h riegheihed abBB(2€) tostepurh to the

supstatiqo (ZOAt)h%GE}HQ'!\%Q WSAEFRAL %Wﬂ]wﬂﬁﬂ%egcontro@edﬂﬂec%m Wﬂ%ﬂié‘%@@ﬂgﬁp any one of
claims 1to 5, com rising e}jste of measuring t e terpgerg[.u e on orI?earJ e goweéDi%pPéy line (10), the
voltage difference ﬁf%ei%gee% Abined if the'mé soureséaie'r‘?’]ﬁne?ftﬁ/roe F9DEIOW Qcﬁr ~eStahlished
threshold. TeTpidryeiei e iowid e HUaign® @R IBHNANASY 10 BeEeIIPPRING &t of 5
checking if a railieay oebistedeitedlates between the substations (20A, 20B), the voltage difference (D)
being established if no railway vehicle is circulating between the first and second substations (20A, 20B).
8. The deicing method according to any one of claims 1 to 7, the power supply line (10) extending
between more than two substations (20), the method comprises a step of 10 choosing two substations
(20A, 20B) to be controlled in current supply mode and current recovery mode, respectively, and a step of
establishing a voltage difference (D) between the output terminals of said substations (20A, 20B)
depending on the segment (T) of the line (10) to be deiced.



