1 Method for detecting faults on a power supply line for railway vehicles The present invention relates
to a method for detecting faults on an electrical 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 5 electrical power supply line, the first substatioh being controlled in a current supply mode, to
supply electrical current to the electrical power supply line and the second substation being controlled in a
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to measure the mechanical tensioch © e power supply line by aadmg mechanical means to its ends,
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then indicates agaignary system break. Such a method is not fully satisfactory. Indeed, it requires the
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that is not useful under normal circumstances.. Furthermore, it only allows detecting breaks in the line and
does not providePiHEEHJASSERMR to the wear of the line, which can lead to a break over time.
One aim of the inventibrisig/¢lheraforie toedgat ar stetheddon, detddtirgofaak $1ith8BEletctac abpewer supply
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However, such a power supply line break leads to substantial disruptions in railway
traffic if it is not detected promptly, since the railway vehicles can then no longer travel on
the line and the railway vehicles already engaged on the line remain blocked and must be
towed by special vehicles.

25 It is possible, in order to detect faults on an electrical power supply line, to
measure the mechanical tension of the power supply line by adding mechanical means to
its ends, which are able to measure the mechanical tension of the power supply line. A
substantial tension drop then indicates a catenary system break.

Such a method is not fully satisfactory. Indeed, it requires the addition of extra

30 equipment, specific to the detection of a potential break in the power supply line and that
is not useful under normal circumstances.. Furthermore, it only allows detecting breaks in
the line and does not provide indications relative to the wear of the line, which can lead to
a break over time.

One aim of the invention is therefore to obtain a method for detecting faults in

35 electrical power supply lines that is simple and inexpensive to use and that makes it

possible to detect the wear of power supply lines before any break thereof.



5second substation; a step of determining the impedance value of the power supply line at a nominal
temperature; and a step of comparing the value of the determined impedance of the power supply
line at the nominal temperature with an expected nomjnal impedance of the power supply 10line at the
nominal temperature. This method can be carried%ut without specific equipment and controlled
remotely, which limits costs and makes maintenance easier on the line. The method according to the
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operate in current 25 8uppyANTRIRPBHTE Hifeiis S dVR NPIRGY RSB RRER &b H B RSB R S tep of
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connected to the rectifier in ar];[i-garallelj and the first or.tpe second substation operates in Iinverter
o PIS method can.be carried out, wit 8ut sgef,l ic _equipment an .contrcile(il .
30mode when it is controlled in Curfént réecovery mode and Ih rectifiér mode when It is controlled in

current supply riggHely. whigh iRt tos{amon BakeR MANRNEITRE3HRNVER BIgIPIS: line and to a rail such that
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mode, then through the rall to return to the substation contro n current supply mode; 3 the

method comprises a sté}s FLHELIGAYRIISERAREY FERIERS idiBte RN EET HIBFiRT X5PS¥EbNd
substations, thewagitagesdiffe detee ibeihgpestablisheghédaoceatibie psverciuppin grieetiiee namedirst and

second substati@R$erature being determined as a function of the measured current;

- the method comprises a step of measuring the temperature of the power supply

line, the value of the determined impedance of the power supply line at the nominal
20 temperature being determined as a function of the measured temperature;

- the method comprises a step of choosing and controlling the voltage difference
between the output terminals of the first and second substations;

- the first substation and the second substation each comprise a reversible power
converter, such that the first substation and the second substation can operate in current

25  supply mode or in current recovery mode and the method comprises a step of controlling
the operating mode of the first and the second substation, in current supply mode and in
current recovery mode, respectively;

- the reversible power converter comprises a rectifier and an inverter, connected to
the rectifier in anti-parallel, and the first or the second substation operates in inverter

30 mode when it is controlled in current recovery mode and in rectifier mode when it is
controlled in current supply mode;

- 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
current supply mode, then through the power supply line, then through the substation

35 controlled in current recovery mode, then through the rail to return to the substation

controlled in current supply mode;



the power supply line extending between more than two substations, the method 5 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 portion of the line to be f’ested; and the method comprises a step of
emitting an alarm if the ratio: 10Zdet ZL is below a threshold value. The invention will be better

understood upon readiffef tRENFLEANG EES AFIEBRT SRSTIHR SBIEAY XRNSE RISHASREIWRE N reference
to the appendetherawiingd secoviniclobdiBtidigu tbel igtagei adi@emembeiniusstabicheast & mailwbigledtwork

equipped with sybstationseatiedenearsy M beomethedd@indetecting faults according to the invention; and
figure 2 is a diagramm%at}gic iIIustrationI of the imr;l)c}em ntation of thehinventiveqmethod RX the railway
i 1t the method

network of figure 1. 20 heRRventdy i)él'gﬁpﬁf%%b DY e e R MRS B i Tc‘hg current power supply
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substation” refers to a station able, in a current supply mode, to provide current to the electrical supply
line 10 and alsdS3Hi&, 3% current recovery mode, to recover current from the electrical supply line 10, the
recovered current for eftemplthaboomgrisesa tieprbdanityaf anraldwaif thehigle: connected to the power
supply line 10, and to 30send it back on the electrical power supply network 15. The railway network 5
includes alAumber n of reversible substatfreﬁs 20, distributed at regular intervals along the electrical power
supply line 10. To sim I'f% figures 1 a?d 2, 'only two reversible substations 20 have been shown. The
substations 20 are ab'l%h R tE’rgsé]lﬁ’revr‘i’infecirculate on the power supply line 10. 4 The railway
network 5 also includéseriveitier miltdiahatiaure derians Yot shading, theldpleding mregsaiethe

temperature Theswidbeselagtesadpewensopanalinend On asfuelrstsensospdaaicsharingdapied to
measure the inWmH:y Imes of the current circulating on the power supply line 10. Such temperature and

intensity sensors are for example arranged at _ _ _ _
15 - figure 1 is a diagrammatic illustration of a railway network equipped with

substations able to carry out the method for detecting faults 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.

20 The invention is applicable to a direct current or an alternating current power
supply line. In the rest of the description, the described embodiment relates to a direct
current power supply line.

The direct current railway network 5 shown in figure 1 includes an electrical power
supply line 10, connected to an electrical power supply network 15 via reversible

25  substations 20.

"Reversible substation” refers to a substation able, in a current supply mode, to
provide current to the electrical supply line 10 and also able, in a current recovery mode,
to recover current from the electrical 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

30 send it back on the electrical power supply network 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 substations 20 are able to make

a current | circulate on the power supply line 10.



5each substation 20. The railway network 5 also comprises rails 22, on which a railway vehicle is
able to travel. The rails 22 have a nominal linear impedance ZR, for example equal to 18 mo/km for a
standard track with two parallel rails. These rails 22 are electrically connected to the reversible
substations 20. 10The electrical power supply line 10 flas a nominal linear impedance ZL calculated at a
nominal temperature. The nominal linear impedance ZL is for example 0.05 0/km for direct current

overhead contact line$hE@ /B GA or AR ECIFR AN AL RRICSABRERTESBISE 61 PARWDe. These
values differ foradapgdtetmateagoe trenepparisea gply dibe Eleetichl poofethepayiinallbnesanetipedance ZL of
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traction transformernQW'Po OIeF]\Perau{reIS Ol(JetBElrtn a re“gf’fj‘reﬂn er%acrfc\?o . nve | C% us in
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The electrical power supply network 15 is a wide area electrical power distribution
network. It is for example a high-voltage three-phase alternating voltage network.

The substations 20 are identical to each other and only one of these substations
20 will be described in detail.

20 The substation 20 includes a four-quadrant reversible 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
supply network 15, so as to lower the alternating voltage coming from the power supply

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

The converter 25 is a reversible converter that can, for example, be made up of a
rectifier 35, connected in anti-parallel to an inverter 40. The converter 25 can operate in
rectifier mode or inverter mode.

In rectifier mode, the converter 25 is able to rectify the three-phase alternating

30 voltage coming from the traction transformer 30 to deliver, at its output, a rectified direct
voltage. The converter 25 is thus in current supply mode.

In inverter mode, the converter 25 is able to invert the direct voltage coming from
the power supply line 10 to deliver an alternating three-phase voltage. The converter 25 is
thus in current recovery mode.

35 The converter 25 is a controllable converter. To that end, the substation 20

includes a control module 45 able to control the switching of the converter 25 from the



current recovery mode towards the current supply mode, i.e. from the inverter mode to the rectifier mode
and vice versa. The rectifier 35 is for example formed by a controlled rectifier bridge made from
thyristors or power transistors such as IBGT transistors (Insulated Gate Bipolar 5Transistor). The
converter 25 is able to generate, at its output terminal,5i.e. at the electrical connection point of the
substation 20 to the power supply line 10, a desired voltage UO. Such a substation 20 is for example

described in doBYEHEEYSIYIB8IRIBVAEE SEIRY RO RHBBU méntr aRehailvaysh SR K3 Iso includes,
at each 10substetidier20ode sedsirealsisdo measure the voltage UO actually applied to the output of each
substation 20 so as tor\gribeihet Hisvelagsnaaer esrrads, e eraRLVRIRgRidde. Ak iRyaNtive method
for detecting faltﬂts_ on the power Sl{P;P'},’ Iitne 10 V\ﬂ” noné)CgT@t(rplain?d in efe%?geéotﬁg%r_e ﬁ Ina
first step, the opeyr%lstgrrsch%ogé’gv %rseg%g'ncfrsr ot'the %Sower supsﬂf‘ﬁn%sl on T5which he Wishies to detect
the existene of fFAMRISON. He then determines, in a second step, the first substation 20A and the second

substation 20B betweenevdisleiiee egmans Toafdhaeneverisunphylingrifsalectadtie hecfirsiistep
extends. The f“&&%‘é@ﬁéﬂtb%?%%%%&}%t%%% SHPSIGHPL.ARG @i@ﬁf%fﬂg@éﬁé’d%?agé%%ﬂce dAB. The

first substation 20A and the second substation 20B are for example 20 substations adjacent along the
power supply line 10. THEPHRPHANEI? [ SyBRPR IRIiRTS e dene MidtRidjd8e AP3nd are separated
from each other by a Aumlbzingfisulrstadiohsdsealle thb anilag quetivio -2 . aldwu §)dbdelirsas ebsbation 20A

and the segpndsgyBaiRtiosh2QB&RBanex8RRsHe the endgbsiations fihie sleckicalipawear supply line
10. 25The operato(g th%n ensuass that no ra&vxgg %ehic|e [ travelin&gn thﬁese mqnt T between the first
fd Yo frS

. eal station S0, as tQ.ver IS ta corres ot trol volta A .
substation 20A an ue seéon subssta‘%l\én or |'s ‘é%oSF 1o arrl{?e atS tﬁwe or sé’co substation 20A,

20B. In a third stephenavepératbeitiegdeedatectineeat Fornderpangr faunadyihag A WisAes &8 make
circulate on thess@gmeninlraitthepavriuaupply line 10. This current | is below a 30threshold value Imax

above which the powg 34&%;%3&'8%9 andLes R iated QSMQ{P?%%%Vp%%&W?ne 10Hdf; then

deduces, from the selecte ue of the current I, the values of the desired output voltages UcA and UcB

to be applied totHERYIR APl MFFIEHIBR B Bl %irst substation 20A and of a second converter
25B of the second substdtiem @3B mespettinedyc@BI biem utpufinsoltagestide R andcBearedifirent from

each other. Theyyioliags Yeh e diederantbeygliageréeBe power supply line 10 selected in the
first step extends. The first substation 20A and the second substation 20B are separated
by a distance dag. The first substation 20A and the second substation 20B are for example

20 substations adjacent along the power supply line 10. They may, however, also be
substations that are not adjacent and are separated from each other by a number of
substations smaller than or equal to n-2. Thus, the first substation 20A and the second
substation 20B can for example be the end substations of the electrical power supply line
10.

25 The operator then ensures that no railway vehicle is traveling on the segment T
between the first substation 20A and the second substation 20B or is about to arrive at the
first or second substation 20A, 20B.

In a third step, the operator chooses a current | for detecting faults that he wishes
to make circulate on the segment T of the power supply line 10. This current | is below a

30 threshold value I, above which the power supply line 10 and/or the related equipment
may be damaged.

He then deduces, from the selected value of the current I, the values of the desired
output 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.

35 The output voltages Ucn and Ucg are different from each other. The voltage Uc, is higher

than the voltage Ucg.



6 In a fourth step, the operator controls, via a control module 45A of the first 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. 5 A voIt:?ge difference D is thus established between the
outputs of the first substation 20A and of the second substation 20B. This voltage difference D is equal to
UcA-UcB. This voltag® et SEPis BHIRGEN NS theecRcEratSh B gé’ﬁt ?rheidtetting faults
on the power ssppéjaline AQNoth¢hepsegnmeofttichminveser thiAfirst substatmy 204daric tiversetd@nd substation

20B. 10Due to theqelestiicaksprnpedionkeiwsrn Jheftshmi treatrBURSHINS vPSurPRcnd the rails
22, the current Eggst%ribes a loo %Iassin throg the power su(gpl%lci)lae 10 from the first substation 20A

towards the second SGSSERLA" ,ei.cé).no%?rt e S'Qé:r%éent SR %rou&'tﬁ'énrg}vezrée fr@rondﬁ'we second

substation 20B towards YRéa@estAiRISREEOR 20 ANHS Lhifklishas trivwgsardber evintisisofhiendEurement, by
the current sensobsetithe2da aalust thaescobibesebectittaboprrems cisrbirtinigoenteersegsaanl ib, as well as

the measurement, by the,lemMpGrARFENIH &f 69&1\?&”%%%&‘&8 tFE?SPTé‘?l[T\HE&ﬁ BPWELRAIYolne 10.

. A
Accordlng to one em%odlment, these measurements are done at a single location on the segment T.

According to arfSFEIMEhBESIRERE PRV TP BYYASE RS eSRAT B JRIMELLHS IR RLPSHECOB
According to ordarmizbitiersentntheubpietiato?@so controls the measurement, by the voltage sensor, of the

voltages UgA and UcBachidally apRlicchiethReeitRUh e b siatians 204 andu2Biisrspeatively, and
compares thes%/ Iueds to th %%n'%[]ol values. In a %ixth %%p, the .o%erator dt%termines a vaIIJe Zdet of the

linear impedance of e%ﬁ‘(')\slver su%ﬁwrﬁrqterfﬁsé: 'aeﬁgmlnﬁlpfaesr%rr]) Fgﬁlﬁgh KDY ﬁ{astugﬂléf, & determines

the impedance ¥{Tame8)aofirfgisyhsiebersgppipiael thesasene sibeiadionedbres ofHediprINMemeasured
using the temperahdrenseinhahe Using tehfatlowdoehtpsondtatichl2op fWards tHe sZdroEmas) Xomes X d AB D

- ZR(Tmes) X mes X %%%f[ﬁ]%?eé OGNS I AR Es,ﬂ?éméﬂi%%ﬁigﬁ?d&@%afﬂgzﬁ the linear

impedance of the rail 22 at the temperature Trnes. In this formula UcB can be the control

values or, ¥or a YAlFe bubtht dR8insRfHirdnEWVatie SENANY 2Ppid R8RS Ned b§theYoRSgd'eensor.
The operator therasednoss, rpthdhempdueuls ers) obfthieeitepedatoe Githeflithe pPOVBSthugptetermined
and the tempergturgy Tmes of the power supply line 10, the value Zdet of the

According to one embodiment, these measurements are done at a single location
on the segment T. According to another embodiment, they are done at the first and

20 second substations 20A, 20B.

According to one embodiment, the operator also controls the measurement, by the
voltage sensor, of the voltages Uca and Ucg actually applied to the output of the
substations 20A and 20B, respectively, and compares these values to the control values.

In a sixth step, the operator determines a value Zg; of the linear impedance of the

25  power supply line 10 at a nominal temperature.

To that end, he determines the impedance Z(Tn.s) of the power supply line 10 at

the temperature Tnes Of the line 10, measured using the temperature sensor, using the

following formula:
_ (UCA _UCB) _ZR (Tmes)xlmes diB - D _ZR (Tmes)xlmes diB

z(r

mes)
Imes, diB Imes diB

30 In this formula, Zg (T is the value of the linear impedance of the rail 22 at the

mes)
temperature Tes.

In this formula, Uca and Ucg can be the control values or, for a more subtle
estimation, the values actually applied measured by the voltage sensor.

The operator then deduces, from the value Z(Ts) of the impedance of the line 10

35 thus determined and the temperature T,es Of the power supply line 10, the value Zg; of the



7 impedance of the power supply line 10 at the nominal temperature, at which the nominal value ZL of the
impedance of the power supply line 10 indicated in the specifications was calculated. This deduction is for
example done using a conversion table. Lastly, he compares the value Zdet of the impedance of the line

10 determined in 5 the sixth step to the nominal value ZL of the expected linear impedance at the nominal
temperature and deduces, from this comparison, a value C characteristic of the faults in the power supply

line 10.  ThuSRFATEHRL BEECERARIPIICEITSHBNYS RPTHBAGIRRHIAGTZ RVHYFZ (s QWREIg to the
formula 10C Zdetl#& Z, of TeisnvaddanCe ciirtes pomelsstgppheinediictoitabthie Sectimtioéahenpovaer supply line

10 relative to itg nemiral $REIRYuctiod T3P @¥aRBRe asraraitsier-ans @ odiment, the operator
compares this value C to a threshold Va|lﬂ1€ C%- The va%IH]e Cs cgr:respon S fo the maximum admissible

15reduction of the secC ?S‘trllyo %%051 \Ver st,u%b’ﬁﬁ?ne“‘i@, L&, foPwiieh it ';sf S |nﬁossi%‘f(tae{g1 'H%(@ railway

vehicles pads stfelsidh $ieP lindheonoming alugaduChs Besaianh dnere SRpRdansRIAICRe thembiRrator

triggers an alarpmpéigirindicatradbed, arba thRashpansohsewedean thergawrticup iy fnets
Reparatory mew&g&&rgu%%” 1, for example to consolidate the line 10 at the 20location where it is
worn and to thereby prevent the line 10 from breaking due to wear. In the case where the power supply
line 10 is broken, no cUMEnt P HAUAtS AP RO BSBARMT dethe AHLtRRN A deeilinin 29 tHI X ase, in one
embodiment, thie tyedoatarixontrols the stop of the travel of the railway vehicles along the power supply
line 10. This method is implemented remotely by ap operator, who controls each step of 25the
method. 10 According to another embodiment, this methog can also be implemented in an automated
manner. In that case, the railway network alternatively comprises a control module able to control each of
the steps of the methdditistaldea averesparsdaodibte ctdaiits: o teespaiveras wipp holiee supply line

10 relative to its nominal section.

In a seventh step, according to one embodiment, the operator compares this value
C to a threshold value Cs. The value Cs corresponds to the maximum admissible

15 reduction of the section of the power supply line 10, i.e. for which it is still possible to
make railway vehicles pass safely on the line 10.

If the value C is below the threshold value Cs, the operator triggers an alarm,
which indicates that a fault has been observed on the power supply line 10.

Reparatory measures are then taken, for example to consolidate the line 10 at the

20 location where it is worn and to thereby prevent the line 10 from breaking due to wear.

In the case where the power supply line 10 is broken, no current | circulates on the
line 10 and Zg4. tends towards infinity. In this case, in one embodiment, the operator
controls the stop of the travel of the railway vehicles along the power supply line 10.

This method is implemented remotely by an operator, who controls each step of

25  the method.

According to another embodiment, this method can also be implemented in an
automated manner. In that case, the railway network alternatively comprises a control
module able to control each of the steps of the method listed above, so as to detect faults
on the power supply line.

30 The method for detecting faults according to the invention has the advantage of
not requiring that specific additional equipment be provided to detect faults on the power
supply line. In fact, the method only uses the reversible substations, which are
permanently present along the power supply line, since they are used to supply the supply

line.



30The method for detecting faults according to the invention has the advantage of not requiring that
specific additional equipment be provided to detect faults on the power supply line. In fact, the method
only uses the reversible substations, which are permanently present along the power supply line, since
they are used to supply the supply line. 8 The method according to the invention is also particularly
simple to carry out, since one need only select adapted output voltages of the converters of certain
substations to detect AR§ PRIRCIAFEREBBRINE IHFIRALSITR RYHHBLE UNBSHRIBHEY OUt SINCEyrthermore,
this method is ey sede tnlyse|esinadaftednlpuinplegesniéthectnotelies witbataimeekzganailotenance
staff at the segmaptitasifaults bREYpdNS @lﬁi&l?ﬁn@%ﬁ%@nﬂﬁ%&b@dﬁ@?@?t not only a break of the

power supply line, buli:alsno wear of t e power su IX line resulting_ln a Igcalide or dic?tributed reduction of
. . urE ermore, this method IIS V?gps fe to use, sinc Hca}n e |mrﬁJ m?n&e remcc)][etp{ .
its section. Thus, preventive repair or consolidation measurés onthe fine can be taken an e risk of a

break of the lina&viheldceatirtimeoerapesssibieatderisienaanitshls method first on a long segment T and
then, if faults are detecied, tenisnpleimenhifiesmetpasior difesat stortanstibeegnents Honetuded in the

iniial segment IUBBP?ﬁFFQ, WA SRR t%W&esﬂ?)%@‘ﬁﬂ%ﬁ%BDﬁ% fPHADCaA A0 drdlLiripyreq AcCOrding

to one alternative of'the converter 25, the latter Is a two-quadrant 15 converter. According to another

embodiment, tHEPSUREY YUliFAMAB: 16YS A4 RRIHALFRTIEQHEMSAIRREP B TI5ARH AR & fBodiment, the

reversible powedredekere et P65 uék loéasestatichedDeasrdemyeasbdtween the transformer 30 and the power

supply lingd0, is a reygesiiieiBltetAtnenHT els-ALBRHRY GHH RN CUIMRITET UMeAn GPRYRYer). 20 The

substation 20 also icpclud%s a con}rol module 4 adble t(? Fontrol the swigchingnof th ,r.eveasigl.e alternating
are 0 ||f -S e

efected, to implemey the met on. different sthorter RUb-seq entﬁ1 incl n
current-alternatlng currentconverter Inthe electrical curren supply modade or the electrical current

recovery mode the intiglregerie dl sisoe, [Pomare dlersifiei| JrivaYnsu bs\2 ipgr amhieXesatangobéifeen a first
and a second reyersible substation 20A, 20B, the first substation 20A is controlled in 25 electrical current

supply mode, while thg sgeand gi;‘l?j%:g K 200! S FIRL AR Plostripal %t]{gre%t eayeLamade. A

voltage difference D is then est etween the output terminals of the first and second substations
20A, 20B 48 th&PA"ElRent | circulates on the electrical power supply line 10 between the first substation
20A and the second sidrsialiign t2081oliee ealbedBdeof, the impedasigpleinef tifeipcwealsuipgipdine 10 at a

nominal temper&IHé’ﬁt?%éW_@PQ@Jﬁ{ﬂ?ﬁé@%iﬂm@%rﬁ%&ﬁn‘é’é\}’ﬁ% ivbeifishembadinentas dhisevalue Zdet is
gogmr,\jg 0 the MR B RESA0SE Aol SR MLRLSHRESUNE 4 h R ed AL NG ofpingl femperature.
reversible alternating current-alternating current converter (AC-AC converter).
20 The substation 20 also includes a control module 45 able to control the switching
of the reversible alternating current-alternating current converter 25 in the electrical
current supply mode or the electrical current recovery mode.
As described above, for an electrical power supply line 10 extending between a
first and a second reversible substation 20A, 20B, the first substation 20A is controlled in
25  electrical current supply mode, while the second substation 20B is controlled in electrical
current recovery mode.
A voltage difference D is then established between the output terminals of the first
and second substations 20A, 20B so that a current | circulates on the electrical power
supply line 10 between the first substation 20A and the second substation 20B. The value
30 of the impedance Zy of the power supply line 10 at a nominal temperature is then
determined in the same way as in the first embodiment and this value Zg is compared to
the nominal impedance Z, of the power supply line 10 expected at the nominal

temperature.



1.- A method for detecting faults on a power supply line (10) for railway vehicles, said line (10) extending
between at least a first and a second reversible substation (20A, 5 20B) able to supply an electrical
current (1) circulating on the electrical power supply line (10), the first substation (20A) being controlled in
a current supply mode, to supply electrical current to tRe electrical power supply line (10), and the second
substation (20B) being controlled in a current recovery mode, to recover the electrical current from the
power supply line (10) and return it on an electrica distribution network (15), said 10method being
characterized in that it successively comprises: a step of establishing a voltage difference (D)

bgtween the output teimm%t%w%rfmét&}nﬁg%gwersaWP%WWZQB) RHeRIRAt R GREENt (1)
circulates on the Iec]efictgglzd?power_su%l ggg AEL%) betvyeen the first SlébstathBII e(%%ﬁ\gtaand t@g second

substation (20 25 S8 §& %r}?r'wr? ing the |mpe8§étn%ér_§/ta lTe_ ?fcféﬁnofrﬁlvg r|_CSJ'ower supf)'ﬂpl eA(’10) ata
15nominal empekatabe Bngrpply A RipCECabYPaRnG HEewaling crdes Yeskisal drgiisgePiniedance of the
power supply lineof 1 @eatithesnosmnah tETORE RS sihaiBdexpacteaaaminplympedances(phlyof the power

supply line (10) a1 ihe-NOMOA! {EMPERAMES) pfowe?s'uw@ sthed i9ld JaisArsopsiRg to claim 1,

e (10 i Legli ?(L
characterized m%at it 20 comprises a step 0 measurlngn;Le current ﬁmes!{&glrcbjlatlng on the power

supply line (10)°¢HE FeRirhRTelt FafE St HREMBE dRRS 12 dBtP I tHE JvrlicalipiPhEqToY 4t the
nominal tempernaiwee Hgiply tietdiMired eswanfiinotion gtthreahpaseradicbotent (hes). (15), SaidThe method
for detecting fanlisiREOUANSHIR LRI R tRaGhaiaEssivad donthatds comprises a step of measuring the
temperature (Ten") of th(ta Eo ertSHPB'X IineéﬁLO étdhﬁ 25 degg]itned v%!ue otf tft]? imfefjar}(%ﬁ (Zdet) of the
power supply line (10)aast% &nominal't ap\éra? re beelrr?ém e&e mined as 4 function of tha hesdsured
temperature (Tfé&lsynd secondTidsiadenedIon RIBLEWE fHake SeEeRdiNeCtE WreOPTIamRictisas,
characterized ipéhat EuppipniseropsiRR O ©laapsisghandconua)lng the ssltage dhitiatiengeof)) between

the output terminals ogg}gpfi(g%&g ﬁﬁ&%ﬁ%ﬁ%ﬁg@%ﬁ%@%%9%&1%050@?2%%6@%fabﬁiszf%cting faults

according to one of claims 1 to 4, characterized in that the first Substation and the second
substation@ac'PVs ESRBIRE S A8ersible power converter (25), such that the first substation (20A) and
the second substatiora(2@B)atavmopaiagetie calue (Zsy) pplyhmddeoriced riemeaduoecoy tvodevand in that the

metho_d com pri%ﬁé@ﬁﬁ?@(@éf@ﬂﬁﬁ@_'“@&iﬂbﬁ? @Hﬁ@ﬁﬂﬁemﬂeaﬁ’fe‘;ﬁﬁé{&ﬁ RO GoRdAnsipstrton (20A,
20B), in current sugg\b/ mode a]nd @Ogurrﬁ]rét recovery mode, respectively. 10 6.- The method for

detecting faultstg% or |F1§uf3c? lgléri]r% AArEARRTE FRRPINE reversible power converter (25) comprises

a rectifier (35) and andnvEteMNddehdeeedadanis reesfieinmw) #Righd-phripeteraed i that the first or
second sufstatim2idés 2QB)apaieses ing fetieramaue.ydrendting eantieeddn sipsninecmyery mode

and in rectifier %%?emﬁ&'%ﬁu%o&t{ﬁ)él%’ﬂgdgHE'ée&d.g)u&Qhé rBc(f?lgéz“r'supply line (10) at the nominal
temperature being determined as a function of the measured current (Iyes).

3.- The method for detecting faults according to claim 1 or 2, characterized in that
it comprises a step of measuring the temperature (Tyes) Of the power supply line (10), the

25 determined value of the impedance (Zg) of the power supply line (10) at the nominal
temperature being determined as a function of the measured temperature (Tes).

4.- The method for detecting faults according to one of claims 1 to 3, 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).

30 5. The method for detecting faults according to one of claims 1 to 4, characterized
in that the first substation (20A) and the second substation each (20B) comprise a
reversible power converter (25), such that the first substation (20A) and the second
substation (20B) can operate 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

35  substation (20A, 20B), in current supply mode and in current recovery mode, respectively.



7. The method for detecting faults according to any one of claims 1 to 6, characterized in that each
substation (20A, 20B) is connected to the power supply line (10) and to a rail (22) such that the current (1)
circulates in a loop passing successively through the substation (20A) controlled in current supply mode,
then through the power 10 supply line (10), then throd&h the substation (20B) controlled in current
recovery mode, then through the rail (22) to return to the substation (ZOA??%:ontrolled in current supply

mode. 8. The method"oredtad iRy IiERY g RV A gy O AR'BE 21SPALYIRE79d Y MpldiRg a step of
checking if a rarkvassibEhcieariconlaes [(2i)vermptiseSissteatiite s 850 rradlbn sulestatidns (20AscREB), the

voltage differengeP)heing ?ﬁﬁfﬁ“ﬁh@ﬂdfﬁ@l VERice t'ﬁ»a?'ﬁ?éiﬁgﬂgrba%%ﬁ@'%dbﬁaﬁf&ﬁ @ibi\s%ﬁﬁd

substations (20A 20B 9. The et od for detectlpe%faults accord |n to any on o claims 1 to 8, the
‘in |nv rter EIO en if is gontr urrent rec rectifier.
power supply Ilng (ﬂﬁ extend Ing be € thor@ fRantwo Substat ons &métfo comprising a step

of choosingPtwdTSsisMaRB Mg 2o ofleBinerFent SHRRMEPHE current 20 supply mode and current recovery
mode, respectively, and arstepahastablisbiagiqyVvelingcaditedmgce (Rhpeieeen thenautpubteyminals of

said SUbSta“O”Sr{%Q@teﬁ%%) H‘%R&”éjd@@ aﬂaéﬂﬁu EBR (Edﬁfuéhgol{ﬂ&cf&@}&%%e £ ppiy Hik The method

for detecting faults according to one of claims 1 to 9, further comprising a step 0 emlttmg an alarm if the
ratio: 25Zdet ZL%@@@I@)\}\? é‘ﬁﬁ‘b%lﬁalﬁ'@‘(% current () cwculates in a Toop passing successively

through the substation (20A) controlled in current supply mode, then through the power

10 supply line (10), then through the substation (20B) controlled in current recovery mode,
then through the rail (22) to return to the substation (20A) controlled in current supply
mode.

8. The method for detecting faults according to any one of claims 1 to 7,
comprising a step of checking if a railway vehicle circulates between the first and second

15 substations (20A, 20B), the voltage difference (D) being established if no vehicle is
circulating between the first and second substations (20A, 20B).

9. The method for detecting faults according to any one of claims 1 to 8, the power
supply line (10) extending between more than two substations (20), the method
comprising a step of choosing two substations (20A, 20B) to be controlled in current

20 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 portion (T) of the line (10) to be tested.

10. The method for detecting faults according to one of claims 1 to 9, further
comprising a step of emitting an alarm if the ratio:

25 Zaa
Z
is below a threshold value (Cy).



