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(57) Abstract: The invention relates to a method and a device for locating faults along an energy supply chain (4) for DC current systems 
(1). To provide a reliable fault location for DC current systems, in the method according to the invention, at least one reference short 
circuit (A, B, C) is generated at a known reference fault location (18', 18", 18"') of the energy supply chain (4) and at least one physical 
property of the energy supply chain (4) is determined during the reference short circuit (A, B, C), at least one physical property of the 

f4 energy supply chain (4) during the operational short circuit (D) is determined, and a fault location (21) of the operational short circuit 
(D) is determined, taking into account at least the determined physical properties during the reference short circuit and the operational 
short circuit and the reference fault location.  

(57) Zusammenfassung: Die Erfindung betrifft ein Verfahren und eine Einrichtung zur Fehlerortung entlang einer Energieversor

gungsstrecke (4) bei Gleichstromsystemen (1). Um eine zuverl1ssige Fehlerortung bei Gleichstromsystemen bereitzustellen, wird bei 
f dem erfm- dungsgem5Ben Verfahren wenigstens ein Referenz-Kurzschluss (A, B, C) an einem bekannten Referenz-Fehlerort (18', 18", 

18') der Energieversorgungsstrecke (4) erzeugt und mindes- tens eine physikalische Eigenschaft der Energieversorgungs- strecke (4) 
whrend des Referenz-Kurzschlusses (A, B, C) er- mittelt, wenigstens eine physikalische Eigenschaft der Ener- gieversorgungsstrecke
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NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 
SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fir 
jede verfigbare regionale Schutzrechtsart): ARIPO (BW, 
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 
SZ, TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ, 
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SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, KM, ML, MR, NE, SN, TD, TG).  

Veriffentlicht: 
- mit internationalem Recherchenbericht (Artikel 21 Absatz 

3) 

(4) beim Betriebs-Kurzschluss (D) er- mittelt und ein Fehlerort (21) des Betriebs-Kurzschlusses (D) wenigstens hunter Bericksichtigung 
der ermittelten physikali- schen Eigenschaften whrend des Referenz-Kurzschlusses und des Betriebs-Kurzschlusses sowie des Refe
renz-Fehlerortes er- mittelt.
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Description 

Method and device for locating faults along an energy supply 

chain for DC current systems 

In railway power supply systems, short circuits can occur 

along the energy supply chain during operation. It is 

irrelevant whether a catenary system, a third-rail system or 

another system is used. These operational short circuits may 

be caused, for example, by faulty vehicles or trains, faulty 

catenary parts, accidents involving road vehicles, cranes or 

as a result of fallen trees. Supply sections of the energy 

supply chain in which the short circuits occur are usually up 

to 2 km long in urban transport and up to 20 km long in long

distance transport. If an operational short circuit occurs, 

the rail operator knows in which supply section of the energy 

supply chain the short circuit is located. But there is no 

information about the precise fault location of the 

operational short circuit. Hereinafter, an operational short 

circuit is a short circuit occurring during operation.  

In DC rail systems, the operator of the energy supply chain is 

usually unable to detect the fault location of an operational 

short circuit. He is dependent on information from third 

parties regarding the fault location. In the case of a faulty 

train or an accident, these can be reported by the vehicle 

driver, for example. However, for example in the event of a 

fault resulting from damaged catenary components or insulation 

faults, the entire supply section must be shut down to find 

the fault location.  

In alternating current systems, methods are known which are 

used to automatically determine the fault location.
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In DC rail systems such methods have not been used thus far.  

In RU 22 37 905 C2 a method for locating faults is described which is also applicable to direct 

current. However, this method has not been used so far.  

Operating short circuits can also occur in other DC current systems such as, for example, HVDC 

(high-voltage direct current) or a power supply for data centers, the rapid location of which is 

advantageous. The invention can therefore be used for different types of DC current systems.  

It is an object of the present invention to substantially overcome or at least ameliorate one or 

more of the above disadvantages.  

According to an aspect of the present invention, there is provided a method for locating faults 

along an energy supply chain for DC current systems, the method comprising: generating at 

least one reference short circuit at a known reference fault location of the energy supply chain; 

determining at least one physical property of the energy supply chain during the reference short 

circuit; determining at least one physical property of the energy supply chain during an 

operational short circuit; and determining a fault location of the operational short circuit, taking 

into account at least the determined physical property during the reference short circuit and the 

operational short circuit and the reference fault location.  

According to another aspect of the present invention, there is provided a device for locating 

faults along an energy supply chain for DC current systems, the device comprising: a measuring 

device designed to determine at least one physical property of the energy supply chain during a 

reference short circuit and an operational short circuit, wherein the reference short circuit is 

generated at a known reference fault location of the energy supply chain; and a computing 

device designed to determine a fault location of the operational short circuit, taking into account 

at least the determined physical properties during the reference short circuit and the operational 

short circuit and the reference fault location.  

Aspects of the present disclosure provide a method and a device for locating faults along an 

energy supply chain in DC current systems, by means of which the fault location can be 

determined reliably and simply.  

According to the invention, there is provided a method for locating faults along an energy
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supply chain in DC current systems in which at least one reference short circuit is generated at a 

known reference fault location of the energy supply chain and at least one physical property of 

the energy supply chain is determined during the reference short circuit, in which at least one 

physical property of the energy supply chain is determined during the operational short circuit 

and in which a fault location of the operational short circuit is determined, taking into account at 

least the determined physical properties during the reference short circuit and the operational 

short circuit and the reference fault location.  

The invention further relates to a device for locating faults along an energy supply chain for DC 

current systems, comprising a measuring device which is designed to determine at least one 

physical property of the energy supply chain during a reference short circuit and an operational 

short circuit, and comprising a computing device which is designed to determine a fault location 

of the operational short circuit, taking into account at least the determined physical properties 

during the reference short circuit and the operational short circuit and a reference fault location.  

According to aspects of the present disclosure, the fault location of the operational short circuit 

can be reliably determined in a simple manner. For this purpose, a reference measurement is 

first performed in which the reference short circuit is generated at a known reference fault 

location. The reference short circuit differs from the operational short circuit in that it is 

intentionally generated during the reference measurement. During the reference short circuit, the 

measuring device determines at least one physical property of the energy supply chain, for 

example a temporal progression of the current and/or the voltage - that is to say, the leakage 

current and/or the error voltage - is determined. This at least one physical property and position 

of the known reference fault location are stored. If an operational short circuit now occurs 

during operation of the DC current system, according to the invention at least one physical 

property of the energy supply chain is determined during this operational short circuit, for 

example the leakage current and/or the error voltage. The fault location of the operational short 

circuit can then be determined by the computing device, at least taking into account the at least 

one determined physical property during the reference short circuit and the at least one 

determined physical property during the operational short circuit and the reference fault 

location.  

According to aspects of the present disclosure, only this reference measurement must therefore 

be performed with the reference short circuit to then be able to determine a fault location of an
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operational short circuit occurring during operation of the DC current system.  

By means of the automatically determined fault location, specific measures can be initiated very 

quickly in order to rapidly resume operation of the DC current system. Such a measure can be, 

for example, the targeted use of a maintenance team at the fault location of the operational short 

circuit. Alternatively, for example, a drone with a camera system could also be sent to the fault 

location initially to provide an initial image of the fault location. As a result, for example, a tree 

which has fallen onto the catenary can be detected immediately and countermeasures can be 

initiated.  

The invention is frequently described hereinafter with reference to a DC rail system. This is only 

to be understood as an example, however. Application in other DC current systems is also 

advantageous and possible.  

According to aspects of the present disclosure can be further developed by advantageous 

embodiments which are described hereinafter.  

In this way, at least one calculation value that is dependent on the length of the energy supply 

chain can be determined at least by means of the determined physical property during the 

reference short circuit and by means of the reference fault location and the fault location of the 

operational short circuit, taking into account this calculation value and the determined physical 

properties during the operational short circuit. This has the advantage of simplifying the 

calculation of the fault location. In a particularly advantageous embodiment, for example, an 

inductance per length of the energy supply chain can be determined as a calculation value. The 

inductance is particularly suitable as a calculation value here because it relates the rate of 

change of the current to the voltage. As, for example, the rate of change of the leakage current 

can easily be determined, the invention can be used in a simple manner.  

In order to further increase accuracy in determining fault locations, a resistance per length of the 

energy supply chain can be determined and taken into account in the determination of the fault 

location. The resistance, for example a cable resistance, of the energy supply chain can have a 

negative influence on accuracy in calculating the fault location and is therefore to be removed 

preferably.  

In order to simplify the necessary measurements, the same physical property of the energy
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supply chain can be determined during the reference short circuit and during the operational 

short circuit. Furthermore, the temporal progression of the leakage current and/or the error 

voltage can be determined as the physical property of the energy supply chain during the 

reference short circuit and during the operational short circuit respectively. The determination of 

the leakage current and the error voltage can be performed in a simple manner and can therefore 

be used without great effort. In addition, further physical properties can be determined during 

the reference short circuit and during the operational short circuit.
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In order to avoid possible damage to the DC current system, 

the operational short circuit can be detected and then the 

energy supply of the energy supply chain can be switched off 

and the at least one physical property of the energy supply 

chain can be determined during the operational short circuit 

until disconnection. By means of the solution according to the 

invention, the fault location can be determined even if, 

during the operational short circuit, the energy supply chain 

is only briefly supplied with energy as a result of 

disconnection. In particular, the further prospective course 

of the at least one physical property can be extrapolated. The 

prospective course is to be understood here as the course 

which would occur without the disconnection. This has the 

advantage that, as a result of the extrapolation, a longer 

course of the property is available, which considerably 

increases the accuracy of fault location. Extrapolation can 

take place, for example, by means of smoothing and/or linear 

regression using the least squares method. Extrapolation can 

also be used in the reference short circuit in order to obtain 

a longer course of the at least one physical property during 

the reference short circuit.  

The power supply can be switched off in the event of a 

detected operational short circuit within less than 500 ms, in 

particular less than 200 ms.  

In order to further increase accuracy in determining the fault 

location, in comparison to the operational short circuit, the 

energy supply cannot be switched off or switched off later in 

the reference short circuit. Thus, for example, the leakage 

current reaches a maximum, whereby the reference measurement 

is more informative.
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In an advantageous embodiment of the device for locating 

faults according to the invention, the device can have at 

least one communication device which is designed to transmit 

the fault location of the operational short circuit, in 

particular to a control center of the DC current system. This 

has the advantage that the determined fault location can be 

forwarded quickly to the location requiring this information.  

In the case of a railway system, this may be, for example, the 

control center or a control station. In this case, the fault 

location can be transmitted in a cabled manner, for example 

where there is a network such as Ethernet, or wirelessly, for 

example via WLAN or GSM-R.  

Furthermore, the device for locating faults for performing the 

method according to the invention can be designed according to 

one of the aforementioned embodiments.  

Finally, the invention also relates to a protection and 

control device for DC rail systems, having a detection device 

which is designed to detect an operational short circuit on an 

energy supply chain of the DC current system. In order to 

reliably detect the fault location of an operational short 

circuit, it is provided according to the invention that the 

protection and control device has at least one device for 

locating faults according to one of the aforementioned 

embodiments.  

The invention is described in more detail hereinafter with 

reference to the attached diagrams and the exemplary 

embodiments of the invention illustrated therein.  

The diagrams show:
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Figure 1 A diagrammatic view of a DC rail system with 

protection and control devices according to the 

invention; 

Figure 2 A diagrammatic view of a prospective current course 

for short circuits at different fault locations in the 

railway system according to Figure 1; 

Figure 3 A diagrammatic view of a current course for an 

operational short circuit in which the power supply is 

disconnected; 

Figure 4 A diagrammatic view of a device for locating faults 

according to the invention from Figure 1.  

The invention is described hereinafter with reference to the 

exemplary embodiment of a protection and control device 

according to the invention illustrated in Figure 1 and the 

diagrams in figures 2 and 3.  

Figure 1 shows a DC rail system 1 which is shown as a tram 

system by way of example. The DC rail system 1 has a track 

section 2 on which vehicles 3 move. The only vehicle 3 shown 

in Figure 1 is designed as a tram by way of example.  

Furthermore, the DC rail system 1 comprises an energy supply 

chain 4 which supplies the vehicle 3 with electrical power. In 

the embodiment in Figure 1, the energy supply chain 4 has a 

catenary 5 which is contacted by the vehicle by means of 

pantograph 6. The energy supply chain 4 usually comprises a 

plurality of supply sections 7, of which only one is shown in 

Figure 1.  

The supply sections 7 are arranged one behind the other along
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the track section 2 and separated from one another by 

separating points 8. Each supply section 7 is supplied with 

electrical power at at least one connection point 9 by an 

energy supply 10, for example a substation. In the embodiment 

in Figure 1, the single supply section 7 shown is supplied 

with energy from two sides at two connection points 9. The 

energy supply 10 comprises at least one control panel 11, 

which supplies power to the connection point 9. A protection 

and control device according to the invention, which will be 

described in more detail hereinafter, is arranged in the 

control panel 11. As the rail system in Figure 1 is a DC rail 

system 1 operated with DC voltage, the catenary 5 represents 

one pole and a guide rail 12 along the track section 2 

represents the other pole. Other known systems for supplying 

DC rails are, of course, also possible, such as, for example, 

a third-rail system or other systems.  

The control panels 11 each have a detection device 13, a 

disconnection device 14 and a device for locating faults 15.  

Furthermore, the protection and control device is also part of 

the respective control panel 11.  

The protection and control device comprises the detection 

device 13 and the device for locating faults 15.  

The detection device 13 is designed to detect operational 

short circuits on the energy supply chain 4.  

The disconnection device 14 is connected to the detection 

device 13 and can interrupt the connection to the energy 

supply 10 in the event of an operational short circuit 

detected by the detection device 13. The disconnection device 

14 is designed, for example, as a circuit breaker, load-break
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switch or power switch.  

The device according to the invention for locating faults 15 

is designed to determine the fault location 21 of an 

operational short circuit D during operation of the DC rail 

system 1.  

The device for locating faults 15 in turn comprises a 

measuring device 16 and a computing device 17. An exemplary 

embodiment of the device for locating faults 15 is shown 

diagrammatically in Figure 4. Another available device which 

determines the necessary measured values such as, for example, 

a measuring device (not shown) of the detection device 13 can 

also be used as the measuring device 16 for the device for 

locating faults. Likewise, the computing device 17 of the 

device for locating faults 15 can also be integrated into 

another computing device such as, for example, a computing 

device (not shown) of the detection device 13. Of course, the 

device for locating faults 15 can also be arranged at another 

location of the energy supply 10.  

The measuring device 16 is designed to determine physical 

properties of the energy supply chain 4 and in particular of 

the supply sections 7.  

The computing device 17 is connected to the measuring device 

16 by means of signal technology and is designed to determine 

the fault location of operational short circuits.  

There follows a description of how the device 15 for locating 

faults determines the fault location 21 of an operational 

short circuit D with the aid of the method according to the 

invention for locating faults.
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First, a reference measurement is performed, for example, 

before the commissioning of the DC rail system 1.  

In the reference measurement, at least one reference short 

circuit A, B, C is generated virtually artificially at a known 

reference fault location 18. For this purpose, for example, a 

cable is installed at the reference fault location 18', 

18'',18''' between the catenary 5 and the guide rail 12.  

Subsequently, physical properties of the energy supply chain 4 

are determined during the reference short circuit. Such 

physical properties are, for example, the course of the 

current I, which can also be referred to as leakage current, 

and the course of the voltage U (not shown), which can also be 

referred to as an error voltage, in each case over time t. The 

current course during the reference short circuit is shown in 

Figure 2 with one curve 19', 19'', 19''' in each case for the 

different reference short circuits A, B, C. In order to 

achieve as many measured values as possible and approximately 

the maximum leakage current, in the case of the reference 

short circuit the energy supply 10 is maintained for a 

relatively long time in comparison with an operational short 

circuit. However, it is also possible that the courses shown 

in Figure 2 are not achieved because the energy supply in the 

reference measurement is disconnected due to the reference 

short circuit. In this case, the prospective course can be 

extrapolated in order to obtain the course according to Figure 

2 and/or its values. The extrapolation will be described in 

more detail hereinafter with reference to the operational 

short circuit.  

From the determined physical properties, including the 

optionally extrapolated course, an inductance of the energy
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supply chain 4 per length of the energy supply chain is then 

determined in the exemplary embodiment in the figures as a 

calculation value. This is indicated, for example, in the unit 

H/m and/or mH/km.  

In order to increase the accuracy of the method according to 

the invention, the resistance and the inductance of the energy 

supply chain 4 are determined before commissioning of the DC 

rail system 1 and a standardized value of the resistance and 

the inductance is determined in each case per length of the 

energy supply chain 4. The resistance and the inductance per 

length are taken into account in the determination of the 

calculation value in this embodiment.  

The determined calculation value and/or calculation values are 

stored in the computing device according to the invention. The 

DC rail system 1 can then be put into operation.  

If an operational short circuit D now occurs, it is detected 

by the detection device 13. The disconnection device 14 then 

disconnects the energy supply 10 for protection from the 

energy supply chain 4, for example within less than 500 ms, in 

particular less than 200 ms. Until disconnection has taken 

place, the measuring device 16 determines the physical 

properties of the energy supply chain 4, such as, for example, 

the current course 29 shown diagrammatically in Figure 3 and a 

voltage curve not shown.  

As can be seen in Figure 3, the disconnection device 14 has 

interrupted the energy supply 10 at a time T2. From the time 

of occurrence of the short circuit to the time Ti, the current 

I has increased due to the inductance of the energy supply 

chain 4. Between Ti and T2, the current I is influenced by the



PCT/EP2018/066851 / 2017P14536WO 

13 

disconnection process. According to the invention, the fault 

location 21 of the operational short circuit D is determined 

from the course of the increase of the leakage current I 

before Ti and if applicable, from the course of the error 

voltage U. For this purpose, the curve 20 of the current 

course of the operational short circuit D is compared with the 

current course of the reference short circuit A, B, C and the 

fault location 21 is determined therefrom. In the 

determination of the fault location 21, in this embodiment, 

the voltage curve of the operational short circuit D is 

additionally also compared with the voltage curve of the 

reference short circuit. In order to be able to do this in an 

automated manner, the inductance is determined from the 

determined leakage current and fault voltage curves during the 

operational short circuit D until the time Ti. The time Ti is 

the time at which a disconnection command is issued. From this 

time, the current course is influenced by the disconnection 

device 14 and is therefore falsified. From the time Ti, the 

current course for determining the inductance is no longer 

used.  

The further prospective current and voltage curve is 

extrapolated from the uninfluenced courses of the current and 

the voltage. This can be done, for example, by means of 

smoothing and/or linear regression using the least squares 

method. This is described, for example, in "A Prototype of 

Multiprocessor Based Distance Relay", IEEE Transactions on 

Power Apparatus and Systems (Volume: PAS-101, Issue: 2, Feb.  

1982). From the extrapolated curves, the inductance and the 

resistance of the fault loop, that is to say, of the 

operational short circuit, can be inferred.  

As the calculation value of the inductance and of the
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resistance per length of the energy supply chain 4 are known 

in the computing device 17, the length 1 of the fault location 

21, that is to say, the distance of the fault location 21 from 

the connection point 9, can thus be determined on the basis of 

the determined inductance of the operational short circuit D.
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CLAIMS: 

1. A method for locating faults along an energy supply chain for DC current systems, the 

method comprising: 

generating at least one reference short circuit at a known reference fault location of the 

energy supply chain; 

determining at least one physical property of the energy supply chain during the 

reference short circuit; 

determining at least one physical property of the energy supply chain during an 

operational short circuit; and 

determining a fault location of the operational short circuit, taking into account at 

least the determined physical property during the reference short circuit and the operational 

short circuit and the reference fault location.  

2. The method as claimed in claim 1, further comprising: 

disconnecting the energy supply of the energy supply chain when the operational 

short circuit is detected; and 

determining the at least one physical property of the energy supply chain at least 

until the disconnection takes effect.  

3. The method as claimed in claim 2, 

wherein the further prospective course of the at least one physical property is extrapolated.  

4. The method as claimed in claim 2 or 3, 

wherein the energy supply is switched off in the event of a detected operational short circuit 

within less than 500 ms.  

5. The method as claimed in any one of claims 2 to 4, 

wherein in comparison with the operational short circuit, during the reference short circuit, the 

energy supply is not disconnected or disconnected later.  

6. The method as claimed in one of the aforementioned claims, 

wherein at least one calculation value dependent on the length of the energy supply chain is 

determined at least by means of the determined physical property during the reference short
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circuit and by means of the reference fault location and 

the fault location of the operational short circuit is determined, taking into account this 

calculation value and the determined physical properties during the operational short circuit.  

7. The method as claimed in claim 6, 

wherein one inductance per length of the energy supply chain is determined as a calculation 

value.  

8. The method as claimed in claim 6 or 7, 

wherein one resistance per length of the energy supply chain is determined as a calculation 

value.  

9. The method as claimed in any one of the preceding claims, 

wherein the same physical property or the same physical properties of the energy supply chain 

are determined in the reference short circuit and in the operational short circuit.  

10. The method as claimed in any one of the preceding claims, 

wherein the temporal progression of a leakage current and/or an error voltage are respectively 

determined as a physical property of the energy supply chain during the reference short circuit 

and during the operational short circuit.  

11. A device for locating faults along an energy supply chain for DC current systems, the 

device comprising: 

a measuring device designed to determine at least one physical property of the 

energy supply chain during a reference short circuit and an operational short circuit, wherein the 

reference short circuit is generated at a known reference fault location of the energy supply 

chain; and 

a computing device designed to determine a fault location of the operational short 

circuit, taking into account at least the determined physical properties during the reference short 

circuit and the operational short circuit and the reference fault location.  

12. The device as claimed in claim 11, 

wherein the device has at least one communication device which is designed to transmit the 

fault locations of the operational short circuit.
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13. The device as claimed in claim 12, wherein the fault locations are transmitted to a 

control center of the DC current system.  

14. The device as claimed in any one of claims 11 to 13, 

wherein the device is designed to perform the method as claimed in any one of claims I to 10.  

15. A protection and control device for DC current systems, with a detection device which 

is designed to detect an operational short circuit on an energy supply chain of the DC current 

system, 

wherein the protection and control device has at least one device as claimed in any one of claims 

11 to 14.  

Siemens Mobility GmbH 
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