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to Fig. 1 under DETAILED DESCRIPTION OF PRI- OR ART. BACKGROUND OF THE
INVENTION                            This arrangement of the prior art is
expressly acknowledged as pertaining to the state of the art Field of the
Invention                         5   in accordance with article 54,
paragraph 2 of the European Patent Convention. The present invention
relates generally to a power supply installation for a direct current (dc)
SUMMARY OF THE INVENTION electric railroad and more specifically to a power
supply installation by which an alternating current  10  With these
problems in mind, therefore, it Is (ac) power is converted into a dc
current power    the primary object of the present invention to pro- before
being supplied to electric cars as a power-  vide a novel power supply
installation for a direct ing source.
current railroad which can prevent the harmful influ- ence of an accident
or a trouble from being exerted Description of the Prior Art
15  upon other sections of the installation or upon the adjacent substation
in order to keep the service of Usually, a plurality of dc substations are
in-  electric cars as widely as possible while reducing stalled at
appropriate intervals along a railroad  the cost of the power supply
installation. track. In these dc substations, a plurality of con-      To
achieve the above-mentioned object, the erters are arranged. The dc power
output side of  20  present invention provides an apparatus as defined the
converter is connected to each of electric car  in claim 1. power supply
lines through each semiconductor          In the case of a double track,
the apparatus breaker and the ac power input side thereof is     according
to the present invention further includes directly connected in common with
a power con-     the features of claim 2. ductor. In other words, plural
power supply circuits  25  In the case of a single track, a regenerative
having power rectifiers and high-speed dc breakers  current generated at an
electric car power supply are connected in parallel with each other between
line can be restored to the other electric car power substations so as to
construct a dc power supply   supply lines. installation.
In the apparatus according to claim 2, in case On the other hand, the
electric car power sup-  30  either one of the thyristors is broken down,
the fifth ply lines are divided into plural sections, and each  dc
disconnecting switch is closed in the mutual of the above divided electric
car power supply lines  spare bus bar to connect the two diode bridge- is
connected to a positive bus bar through a high-  connected circuits.
Therefore, it is possible to keep speed breaker provided for each electric
car power  the power supply to all the electric car power supply line and
the electric car rails are connected   35  supply line. to a negative bus
bar at each substation.              In case a ground fault occurs at an
electric car In the prior art power supply installation for a  power supply
line, only the dc disconnecting switch dc railroad, however, there exist
various drawbacks  connected to the ground fault power supply line is es
follows: (1) In case the power rectifier fails in  opened. Therefore, it Is
possible to keep the power commutation, the influence of an accident due to
40  supply to the other power supply lines except the the commutation
failure tends to spread. (2) Once   ground fault line. In this case, the
extension power- the regenerative breaker is turned off, the power is  ing
current supplied from the adjacent substation suspended for all the
adjacent power supply lines.  can also be interrupted by the opened dc dis-
(3) The interruption capacity of the regenerative  connecting switch.
breaker should be great because the regenerative   45  In the case where
only one track is required to current and plural extension power supply
currents  be power-suspended, only the thyristor connected should be
interrupted. (4) To reduce the interrup-  to the track is opened with the
other thyristor kept tion capacity of the regenerative breaker, it is nec-
closed. Therefore, it is possible to supply an exten- essary to interrupt
the extension powering current  sion powering current only to the other
track with- at the adjacent substation. This operation com-   50  out
supplying an extension powering current to the plicates the operation
sequence against accident    power-suspended track. and therefore lowers
the reliability of the installa-  Further, in case an accident occurs
during an tion. (5) In the case of a double track, since four  extension
power supply operation, only the thyris- powering breakers should be
provided, the installa-  tor connected to a defective electric car power
tion is costly.                                55  supply line is opened.
In this case, since the exten- The arrangement of the prior art power
supply   sion powering current is interrupted simultaneously, installation
for a direct current railroad will be de-  it is unnecessary to interrupt
the extension power- scribed in further detail hereinafter with reference
ing current at the adjacent substation. 2    3                 EP 0 209 087
B1                     4 



In the apparatus according to claim 3,          thyristor breakers
(referred to as powering break- two stopper diodes and two dc disconnecting
ers); the numeral 6 denotes a regenerative thyristor switches connected in
parallel to the two stopper   breaker (referred to as a regenerative
breaker); the diodes are connected between the two diode          numerals
5a to 5d denote regenerative diodes. The bridge-connected circuits and the
mutual spare bus   5   anodes of these regenerative diodes 5a to 5d are
bar, respectively. Therefore, a regenerative current  connected to the
cathode of each of the powering generated at an electric car power supply
line can  breakers 4a to 4d separately, and the cathodes of also be
restored to the power supply bus bar       these regenerative diodes 5a to
5d are connected through a power inverter.
together to the anode of the regenerative breaker In the apparatus
according to claim 4,     10  6. Further, the cathode of the regenerative
breaker a diode series-connected circuit is connected   6 is connected to
the dc bus bar 3 which connects between the powering bus bar and the
regenerative  the power rectifier 1 to the power inverter 2. The bus bar,
and a two-way power converter can be       reference numeral 8a to 8d
denote dc disconnect- connected to the diode series-connected circuit, in
ing switches; the numerals 9a and 9b denote first order to further enhance
the reliability of the in-  15  and second electric car power supply lines
and the stallation.                                         numeral 10a and
10b denote third and fourth elec- tric car power supply lines. The first
and second BRIEF DESCRIPTION OF THE DRAWINGS                  electric car
power supply lines 9a and 9b are separated from each other by a first dead
section The features and advantages of the power sup-   20  11 and the
third and fourth electric car power ply installation for a dc railroad
according to the  supply lines 10a and 10b are separated from each present
invention over the prior art power supply   other by a second dead section
12 (the above- installation will be more clearly appreciated from
mentioned dead sections imply sections through the following descriptions
of the prior art and of the  which no current flows). The first and the
third preferred embodiments of the invention taken in  25  power supply
lines 9a and 10a are provided for a conjunction with the accompanying
drawings in       double track railroad within one section, while the which
like reference numerals designate the same    second and fourth power
supply lines 9b and 10b or similar elements or sections and in which:
are provided for the double track railroad within the Fig. 1 is a schematic
block diagram of the prior  other adjoining section. art power supply
installation for a dc railroad;  30  Therefore, power is simultaneously
supplied to Fig. 2 is a schematic block diagram of a first   each electric
car power supply line from both the embodiment of the power supply
installation for  substation and the adjacent substation (not shown). a dc
railroad according to the present invention;  Further, power is supplied to
one electric car power Fig. 3 is a schematic block diagram of a second
supply line (e.g. 9a) from the other electric power embodiment of the power
supply installation for  35  supply line (e.g. 10b) through the power
supply a dc railroad according to the present invention;  installation
(e.g. the dc disconnecting switch 8d, the and
regenerative diode 5d, the regenerative breaker 6, Fig. 4 is a schematic
block diagram of a third   dc bus bar 3, the powering breaker 4a, and the
dc embodiment of the power supply installation for  disconnecting switch
8a), in case the power recti- a dc railroad according to the present
invention.   40  fier 1 is defective. The above power supplying system is
referred to as an extension power supply DETAILED DESCRIPTION OF PRIOR ART
system. The prior art installation shown in Fig. 1 op- To facilitate
understanding of the present in-  erates as follows: In order to supply an
electric car vention, a brief reference will be made to a prior art  45
driving power to electric cars, a three-phase ac power supply installation
for a dc electric railroad  voltage received from a commercial frequency 3-
with reference to the attached drawing.             phase ac transmission
line (not shown) through an Fig. 1 shows a prior art power supply installa-
ac circuit breaker (not shown) is dropped to an tion for a double-track
railroad installed In each  appropriate voltage through a transformer (not
substation. In the drawing, the reference numeral 1   50  shown) arranged
in the substation, converted into a denotes a power rectifier made up of
plural thyris-  dc power through the power rectifier 1, and then tors for
converting an ac power to a dc power; the  supplied to an electric car 13
running on the fourth reference numeral 2 denotes a power inverter
electric car power supply line 10b, for instance, made up of plural
thyristors for converting a dc   through the powering breaker 4d and the dc
dis- power to an ac power. The reference numeral 3   55  connecting switch
8d. denotes a dc bus bar for directly connecting the       When an electric
car 13, for instance, is in power rectifier 1 to the power inverter 2.
Further,  regenerative braking operation, the regenerative the reference
numerals 4a to 4d denote powering     power is restored from the fourth
electric car power 3    5                EP 0 209 087 B1
6 supply line 10b to the dc bus bar 3 through the dc   cident point at the
adjacent substation, so that 



disconnecting switch 8d, the regenerative diode 5d  the operation sequence
against an accident Is and the regenerative breaker 6. The restored re-
complicated and the reliability of the system is generative power of the dc
bus bar 3 is supplied to  thus deteriorated. a powering electric car (not
shown) running on any   5  (d) In the case of the double track, since four
one of the power supply lines 9a, 9b and 10a or to   powering breakers 4a
to 4d are necessary, the the power supply bus bar through the power in-
substation is costly. verter 2. The above-mentioned prior art power supply
DETAILED DESCRIPTION OF THE PREFERRED nstallation for a dc railroad
involves various prob-  10  EMBODIMENTS lems as follows: (1) Since the
power rectifier 1 and the power      In view of the above description,
reference is inverter 2 are directly connected to each other  now made to
embodiments of the power supply by the dc bus bar 3 in reverse parallel
relation-  installation for a dc railroad according to the ship, in case
the power inverter 2 fails in com-  15  present invention applied to a
double-track railroad, mutation, a large accident current flows from the
by way of example, with reference to the attached power rectifier 1 to the
power supply bus bar   drawings. through the power inverter 2, thus there
exists a  In the drawings, the same reference numerals problem in that an
accident due to commutation  have been retained for similar parts or
sections failure of the power inverter 2 spreads wider.  20  which have the
same functions as is the case with (2) In the case where only the
disconnecting   the prior art installation previously described with switch
8a is required to open for maintenance,  reference to Fig. 1, and any
detailed description of for instance, this disconnecting switch 8a should
them is believed to be unnecessary. be opened after the powering breaker 4a
has        Fig. 2 shows the first embodiment of the been turned off for
safety. Further, when an   25  present invention, in which regenerative
current is electric car in regenerative braking operation is  restored to
only the electric car power supply lines. running on the first electric car
power supply  Being different from the prior art installation shown line
9a, the regenerative breaker 6 should also  in Fig. 1, the installation
comprises two diode be turned off before opening the dc disconnect-
bridge-connected circuits 21 and 41. The first di- ing switch 8a. Once the
regenerative breaker 6   30  ode bridge-connected circuit 21 includes a
first pair is opened, the following problems arise.        of diodes 22a
and 22b connected in series to each (a) Since the regenerative current
cannot be    other and a second pair of diodes 22c and 22d restored through
the regenerative breaker 6 and  connected in series to each other.
Similarly, the further the extension powering currents are all  second
diode bridge-connected circuit 41 includes interrupted, even when power
suspension Is re-  35  a first pair of two series-connected diodes 42a and
quired for a desired power supply section, the  42b and a second pair of
two series-connected power supply to the other adjoining electric car
diodes 42c and 42d. power supply lines should be suspended si-         The
anode of the diode 22a is connected to the multaneously, so that many
electric cars are tied  cathode of the diode 22b and similarly the anode
up.                                        40  of the diode 22c is
connected to the cathode of the (b) In case of an accident, when only the
regen-  diode 22d. The cathodes of the diodes 22a and erative breaker 6 is
used for interrupting regen-  22c are connected to a common junction point
24 erative currents and extension power supply     connected to a powering
bus bar 3, and the anodes currents supplied from the other adjacent sub-
of the diodes 22b and 22d are connected to an- stations, the interruption
capability of the regen-  45  other common junction point 25 connected to a
erative breaker 6 should at least be four times  mutual spare bus bar 60.
greater than that of the powering breaker 4a, 4b,  The anode of a first
thyristor breaker 23 (or a 4c or 4d in the case of the four power supply
dc high speed breaker) is connected to the com- lines (a double track).
mon junction point 24 of the first diode bridge- (c) in order to reduce the
interruption capacity of  50  connected circuit 21, and the cathode of the
break- the regenerative breaker 6 to such a small ex-  er 23 is connected
to the common junction point tent as to be able to interrupt only the
regenera-  25 of the first diode bridge-connected circuit 21. tive current,
it is impossible to interrupt the    Further, a junction point 26 of the
anode of the extension power supply currents by the regen-   diode 22a and
the cathode of the diode 22b is erative breaker 6 when a regenerative car
is  55  connected to a first electric car power supply line running on any
of the four power supply lines   9a through a dc disconnecting switch 8a,
while a during an accident. Therefore, it is necessary to  junction point
27 of the anode of the diode 22c and interrupt an extension current flowing
to an ac-  the cathode of the diode 22d is connected to a 4    7
EP 0 209 087 B1                       8 second electric car power supply
line 9b through a    Further, a regenerative current generated by an dc
disconnecting switch 8b.                       electric car running on the
first electric car power 



The second diode bridge-connected circuit 41   supply line 9a is restored
to the second power also includes a first pair of diodes 42a and 42b
supply line 9b by way of the dc disconnecting connected in series to each
other and a second   5   switch 8a, the diode 22a, the first thyris tor
breaker pair of diodes 42c and 42d connected in series to  23, the diode
22d, and the dc disconnecting switch each other. Further, a second
thyristor breaker 43  8b, to the third power supply line 1 Oa by way of is
connected in the second diode bridge-connected  the dc disconnecting switch
8a, the diode 22a, the circuit 41. The diodes 42a, 42b, 42c and 42d of the
powering bus bar 3, the second thyristor breaker second diode
bridge-connected circuit 41 and the   10  43, the diode 42b, and the dc
disconnecting switch second thyristor breaker 43 are connected to each  8c,
or to the fourth power supply line 10b by way other in quite the same way
as in the diodes 22a to  of the dc disconnecting switch 8a, the diode 22a,
22d and the first breaker 23. Therefore, the de-  the powering bus bar 3,
the second thyristor break- scription of the connections of these elements
are  er 43, the diode 42d, and the dc disconnecting omitted herein.
However, a junction point 46 of the   15  switch 8d. anode of the diode 42a
and the cathode of the         In the same way, a regenerative current gen-
diode 42b is connected to a third electric car power  erated at the second,
third and fourth power supply supply line 10a through a dc disconnecting
switch  lines 9b, 10a, and 10b is supplied to the other 8c; a junction
point 47 of the anode of the diode  power supply lines through either of
the first and 42c and the cathode of the diode 42d is connected   20
second thyristor breakers 23 and 43 and either of to a fourth electric car
power supply line 10b    the first and second diode bridge circuits 21 and
through a dc disconnecting switch 8d.             41. Further, another dc
disconnecting switch 61 is    In the above-mentioned operation, it should
be connected midway of the mutual spare line 60      noted that only two
powering breakers 23 and 43 between the two junction points 25 and 45 of
the   25  control both the powering current and regenerative two diode
bridge-connected circuits 21 and 41.    current supplied to or from the
four electric car This dc disconnecting switch 61 is kept open under  power
supply lines 9a, 9b, 10a and 10b. In the the normal conditions but closed
in case either one  case of the prior art installation shown in Fig. 1, of
the first and second thyristor breakers 23 and 43  four powering breakers
4a to 4d are connected to develops trouble. Further, in this embodiment,
al-  30  supply powering currents. Since the thyristor though the power
rectifier 1 is shown by a diode  breaker is high costly, it is possible to
reduce the rectifier, it is of course possible to configure the  cost of
the installation in the present embodiment. power rectifier 1 by plural
thyristors.           Further, since the powering current and the regen-
The operation of the first embodiment will be  erative current both flow
through the first and sec- described hereinbelow. Under the normal condi-
35  ond thyristor breakers 23 and 43, it is possible to tions, the two
thyristor breakers 23 and 43 and the  interrupt both the powering and
regenerative cur- four dc disconnecting switches 8a to 8d are all kept
rents simultaneously by opening only the breakers closed, and the dc
disconnecting switch 61 is kept  23 and 43. This simplifies the operation
sequence open. Therefore, a powering current of the power  for maintenance
or repair in case of an accident. rectifier 1 is supplied to the first
electric car power  40  For instance, in case a ground fault occurs at
supply line 9a by way of the first thyristor breaker  point F on the first
electric car power supply line 23, the diode 22b and the dc disconnecting
switch  9a, the powering current is interrupted by opening 8a and
simultaneously to the second electric car  the first thyristor breaker 23.
Consecutively, the dc power supply line 9b by way of the same first
disconnecting switch 8a is opened and then the thyristor breaker 23, the
diode 22d and the dc   45  first thyristor breaker 23 is closed again.
Under disconnecting switch 8b, that is, through the first  these
conditions, even when a regenerative electric thyristor breaker 23 and the
first diode bridge-  car 14 is running on the second power supply line
connected circuit 21. Similarly, a powering current  9b, the regenerative
current can be restored to the of the power rectifier 1 is supplied to the
third  third and fourth power supply lines 10a and 10b electric car power
supply line 10a by way of the   50  through the routes as already
described. second thyristor breaker 43, the diode 42b, and dc    Further,
in the case where only the single disconnecting switch 8c and to the fourth
electric  track, (the first and the second electric car power car power
supply line 10b by way of the second    supply lines 9a and 9b) is required
to be power- thyristor breaker 43, the diode 42d and the dc    suspended in
an extension power supply operation, disconnecting switch 8d, that is,
through the sec-  55  only the first thyristor breaker 23 is opened with
ond thyristor breaker 43 and the second diode     the second thyristor
breaker 43 kept closed. In this bridge-connected circuit 41.
case, since the extension powering current can be interrupted to the first
and second power supply 5    9          EP 0 209 087 B1
10 lines 9a and 9b but supplied only to the third and  The reference
numeral 72 and 92 denote two dc fourth power supply lines 10a and 10b,
therefore it  disconnecting switches connected in parallel to is possible
to smoothly drive electric cars running  each of the stopper diodes 71 and
92, separately. 



on the third and fourth power supply lines 10a and  These two dc
disconnecting switches 72 and 92 1 Ob.
5   are kept open under the normal conditions but Further, in case an
accident occurs during an  closed when either one of the thyristor breaker
23 extension power supply operation, only the thyris-  or 43 develops
trouble. tor breaker 23 or 43 connected to an accident         The
operation of the second embodiment power supply line is opened. In more
detail, in   shown in Fig. 3 will be described hereinbelow. In case a
ground fault occurs at point F of the first  10  the same way as in the
first embodiment, a power- power supply line 9a, the first thyristor
breaker 23  ing current is supplied to the first and second is opened, so
that the powering current is of course  power supply lines 9a and 9b
through the first interrupted. In this case, although another extension
thyristor breaker 23, the first diode bridge-con- powering current is
supplied to the first power   nected circuit 21, and the dc disconnecting
switch supply line 9a from the adjacent substation through   15  8a or 8b,
and to the third and fourth supply lines the second power supply line 9b,
since this exten-  10a and 10b through the second thyristor breaker sion
powering current is blocked by the diodes 22a  43, the second diode
bridge-connected circuit 41 and 22d, it is possible to interrupt both the
power-  and the dc disconnecting switch 8c or 8d. ing currents by opening
only the first thyristor      A regenerative current generated at the first
reaker 23. Therefore, it is unnecessary to interrupt  20  power supply line
9a is supplied to the second the extension powering current supplied from
the  power supply line 9b by way of the dc disconnect- adjacent substation
to the first power supply line 9a  ing switch 8a, the diode 22a, the
thyristor breaker via the second power supply line 9b at the adjacent  23,
the diode 22d, and the dc disconnecting switch substation.
8b, or to the third power supply line 10a by way of This simplifies the
operation sequence against  25  the dc disconnecting switch 8a, the diode
22a, the accident, minimizes the harmful influence of an   powering bus bar
3, the thyristor breaker 43, the accident of a power supply line tion the
other    diode 42b, and the dc disconnecting switch 8c, or power supply
line, and thus enhances the operation  to the fourth power supply line 10b
by way of the efficiency of the electric cars and the reliability of  dc
disconnecting switch 8a, the diode 22a, the the system.
30  powering bus bar 3, the thyristor breaker 43, the Furthermore, in case
the first thyristor breaker  diode 42d, and the dc disconnecting switch 8d,
or 23 is broken down, for instance, the dc disconnect-  additionally to the
regenerative bus bar 63 by way ing switch 61 connected midway of the mutual
of the dc disconnecting switch 8a, the diode 22a, spare bus bar 60 is
closed. Under these conditions,  the first thyristor breaker 23, the
stopper diode 71 it is possible to supply the power to the first and   35
or the dc disconnecting switch 72 when closed, the second power supply
lines 9a and 9b connected to  mutual spare bus bar 60 or by way of the dis-
the defective thyristor breaker 23 from the second  connecting switch 8a,
the diode 22a, the powering hyristor breaker 43 through the mutual spare
bus  bus bar 3, the second thyristor breaker 43, and the bar 60. This
enhances the reliability of the system.  stopper diode 91 or the dc
disconnecting switch 92 Fig. 3 shows a second embodiment of the   40  when
closed. Further, regenerative currents gen- present invention, in which two
stopper diodes 71  erated at the other second, third, and fourth power and
91 and a power inverter 2 are further provided  supply lines 9b, 1 Oa and
10b are restored to each in order to restore the regenerative power to a
of the other power supply lines or the regenerative regenerative bus bar
and further to the power sup-  bus bar 63 through the first or second diode
ply bus bar through a power inverter, in addition to  45  bridge-connected
circuit 21 or 41 or the stopper the functions of the installation described
with ref-  diode 71 or 91 or the dc disconnecting switch 72 erence to Fig.
2.                                 or 92, respectively. In Fig. 3, the
reference numerals 71 and 91       In this second embodiment, it should be
noted denote stopper diodes. The anode of the stopper   that it is possible
to eliminate the use of the regen- diode 71 is connected to the common
junction   50  erative breaker 6 required for the prior art installa- point
25 of the first diode bridge-connected circuit  tion shown in Fig. 1. 21
and the anode of the stopper diode 91 is         In the same way as in the
first embodiment, connected to the common junction point 45 of the  since
the powering current and the regenerative second diode bridge-connected
circuit 41. The     currents flow through the first and second thyristor
cathodes of the two stopper diodes 71 and 91 are  55  breakers 23 and 43
respectively, it is possible to connected together to the mutual spare bus
bar 60.  interrupt the regenerative currents by opening the This mutual
spare bus bar 60 is connected to a    two breakers 23 and 43 respectively
so that the power inverter 2 through a regenerative bus bar 63.  operation
sequence for maintenance can be simpli- 6    11                EP 0 209 087
B1                       12 fled.
bus bar 63. Further, in case a ground fault accident occurs   Fig. 4 shows
a third embodiment of the present at point F of the first power supply line
9a, the first  invention in which a two-way power converter is thyristor
breaker 23 is opened to interrupt the   connected in place of the power
inverter 2 shown 



powering current. Therefore, the dc disconnecting   5   in Fig. 3 and a
diode series-connected circuit is switch 8a is opened and further the first
thyristor  further provided in order to enhance the reliability breaker 23
is closed again. Under these conditions,  of the Installation. even if a
regenerative electric car 14 is running on  In Fig. 4, the reference
numeral 101 denotes a the second power supply line 9b, its regenerative
diode series-connected circuit including two diodes current is restored to
the regenerative bus bar 63   10  102 and 103. The anode of the diode 102
is or the third and fourth power supply lines 10a and  connected to the
cathode of the two stopper diodes 10b through the routes already described.
Further,  71 and 91 through the mutual spare bus bar 60. in a ground fault
accident at the point F, since the  The cathode of the diode 103 is
connected to the first and second diode bridge-connected circuits 21  power
rectifier 1 through the powering bus bar 3. and 41 are connected to each
other through the   15  Further, the regenerative bus bar 63 is connected
two stopper diodes 71 and 91 (when the dc dis-    to a common junction
point 104 between the two connecting switches 72 and 92 are kept open) and
diodes 102 and 103. A two-way power converter the mutual spare bus bar 60,
once the first thyristor  100 for converting an ac power current to a dc
breaker 23 is opened, an accident current will not  power current or vice
versa is connected to the flow through the second thyristor breaker 43 to
the   20  regenerative bus bar 63. first power supply line 9a (because the
stopper       Only the operation of the third embodiment diode 71 is
connected in the reverse direction), so  different from that of the second
embodiment that it is possible to prevent the spread of the  shown in Fig.
3 will be described hereinbelow. accident at point F.
When the two-way power converter 100 is op- In the extension power supply
operation such   25  erated as a spare power rectifier in addition to the
that the first and second diode bridge-connected  power rectifier 1, it is
possible to reduce the capac- circuits 21 and 41 and the first and second
thyristor  ity of the power rectifier 1. Further, in case the breakers 23
and 43 are all operative, if only the  power rectifier 1 develops trouble,
it is possible to first and second power supply lines 9a and 9b are  supply
a powering current to all the electric car required to be suspended, only
the first thyristor  30  power supply lines 9a, 9b, 10a and 10b through the
breaker 23 is opened. Therefore, it is possible to  first and second diode
bridge-connected circuits 21 supply the power to the other third and fourth
and 41 and the first and second thyristor breakers power supply lines 10a
and 10b. Further, in case  23 and 43 without suspending the substation. an
accident occurs in the extension power supply      Further, when the
two-way power converter 100 operation, it is sufficient to open any one of
the   35  is operated as a power inverter, it is possible to thyristor
breakers 23 and 43, so that it is unnec-  pass a regenerative current to
the powering bus essary to interrupt an extension power supply cur-  bar 3
through the two diodes 102 and 103. There- rent at the adjacent substation.
This simplifies the  fore, in case the two-way power converter 100 fails
operation sequence against the accident and mini-  in commutation during
power inverter operation, it mizes the harmful influence of an accident,
and   40  is possible to prevent the regenerative current from enhances the
efficiency of electric car driving op-  flowing to the side of the two-way
power converter eration.                                          100, that
is, to prevent the spread of an accident Further, in case either one of the
first and   due to commutation failure of the power inverter second
thyristor breakers 23 and 43 is broken     100. down, the dc disconnecting
switches 72 and 92 are  45  As described above, in the power supply in-
both closed to mutually supply the power between  stallation for a dc
railroad according to the present the first and second diode
bridge-connected cir-  invention, there exist various advantages as
follows: cuits 21 and 41, because the installation is of     (a) Since both
the powering and regenerative mutual spare bus bar type. That is, in case
the first  currents can be controlled by only two thyristor thyristor
breaker 23 develops trouble, the powering   50  breakers 23 and 43, it is
possible to economize current can be supplied to the first and second
the number of the thyristors as compared with power supply lines 9a and 9b
by way of the          the prior art installation in which four powering
second thyristor breaker 43, the stopper diode 91,   breakers and one
regenerative breaker are re- the mutual spare bus bar 60, the dc
disconnecting    quired. Therefore, the cost of installation can be switch
72, the diode 22b or 22d and the dc dis-  55    reduced because the
thyristor breaker is very connecting switch 8a or 8b. Further, the
regenera-   costly, and additionally the operation sequence tive current
from the first and second power supply  for maintenance can be simplified.
lines 9a and 9b can be restored to the regenerative 7    13
EP 0 209 087 B1                   14 (b) Since the first and second
circuits 21 and 41  prevented. are connected through the mutual spare bus
bar     Further, in case an accident occurs at an elec- 60, even if either
one of the two thyristor break-  tric car power supply line when a powering
current ers 23 and 43 develops trouble or is broken     is supplied during
the mutual spare power supply down, it is possible to supply a powering
current   5   operation and further the two-way power converter 



to and restore a regenerative current from all the  100 is operating as a
power rectifier, it is possible electric car power supply lines via the
non-    to prevent a powering current from directly flowing defective
thyristor breaker and the mutual spare  from the two-way power converter to
a defective bus bar. This operation can enhance the reliabil-  power supply
line only by opening a thyristor ity of the power supply installation.
10  breaker connected to the defective power supply (c) Since a dc
disconnecting switch 61 or two  line. stopper diodes 71 and 91 are
provided, in case    (g) In summary, the features and advantages of a
ground fault accident occurs in an electric car  the installation according
to the present inven- power supply line, it is possible to prevent a
tion is such that in case an accident occurs, it is powering current from
flowing from the non-  15   possible to effectively prevent the spread of
an defective power supply lines to the defective     accident and thus
enhance the reliability of the power supply line by opening only the
thyristor   system, in spite of the fact that the number of breaker
connected to the defective power sup-     thyristor breakers is reduced to
only two. ply line. Further, two dc disconnecting switches 72 and 92 are
connected in parallel to the two   20  Claims stopper diodes 71 and 91
separately, when these two switches are closed, it is possible to  1. An
apparatus suitable for connecting a pair of enable the mutual spare power
supply system.       electrically separated DC power supply lines (d) When
one of a double track is required to      (9a, 9b) associated with a track
of a DC elec- suspend the powering current during an exten-  25  tric
railroad to a DC bus bar (3) which is sion power supply operation, one of
the thyristor  supplied from an AC power supply through an breakers 23 and
43 is opened. Therefore, it is     AC-DC converter (1), characterized in
that it possible to continue to supply the powering        comprises:
current to the other of the double track through      a) a diode bridge
(21) having first, second, the other closed thyristor breaker.        30
third and fourth diodes (22a to 22d), each (e) In case an accident occurs
during an exten-       having an anode and a cathode, the anode sion power
supply operation, since an extension       of the first diode (22a) being
connected at a power supply current supplied from an adjacent        first
junction (26) to the cathode of the sec- substation can be interrupted by
the thyristor        ond diode (22b), the anode of the third breaker
connected to an accident power supply  35     diode (22c) being connected
at a second line, it is unnecessary to interrupt the extension   junction
(27) to the cathode of the fourth powering current at the adjacent
substation.          diode (22d), the cathode of the first diode Therefore,
it is possible to simplify the operation   (22a) being connected at a third
junction sequence of repair or maintenance and further         (24) to the
cathode of the third diode (22c), to minimize the influence of an accident
upon   40    the anode of the second diode (22b) being other substations.
connected at a fourth junction (25) to the (f) Further, in the case of the
third embodiment      anode of the fourth diode (22d), the third shown in
Fig. 4, since a two-way power con-           junction (24) being connected
to the DC bus verter 100 and a diode series-connected circuit       bar
(3), 101 are additionally connected and can be op-  45     b) a thyristor
(23) having an anode con- erated as a power rectifier, It is possible to
nected to the third junction (24) and a cath- reduce the capacity of the
power rectifier 1 or to    ode to the fourth junction (25), the thyristor
supply a powering current in case the power           (23) disconnecting
the third and the fourth rectifier 1 develops trouble, without suspending
junctions in response to occurrence of an the substation.
50         electrical accident in at least one of the DC Further, when the
two-way power converter 100        power supply lines (9a, 9b); is operated
as a power Inverter and fails in com-       c) a first switch (8a)
connected between the mutation, it Is possible to interrupt an accident
first junction (26) and one of the power current flowing from the power
rectifier 1 to the       supply lines (9a); and two-way power converter 100
or to prevent a re-  55     d) a second switch (8b) connected between
generative current from flowing to the two-way          the second junction
(27) and the other pow- power converter 100. That is, the spread of an
er supply lines (9b). accident of the two-way power converter can be 8
13                EP 0 209 087 B1                    14 (b) Since the first
and second circuits 21 and 41  prevented. are connected through the mutual
spare bus bar      Further, in case an accident occurs at an elec- 60, even
if either one of the two thyristor break-  tric car power supply line when
a powering current ers 23 and 43 develops trouble or is broken     is
supplied during the mutual spare power supply down, it is possible to
supply a powering current   5   operation and further the two-way power
converter to and restore a regenerative current from all the  100 is
operating as a power rectifier, it is possible 



electric car power supply lines via the non-    to prevent a powering
current from directly flowing defective thyristor breaker and the mutual
spare  from the two-way power converter to a defective bus bar. This
operation can enhance the reliabil-.  power supply line only by opening a
thyristor ity of the power supply installation.       10  breaker connected
to the defective power supply (c) Since a dc disconnecting switch 61 or two
line. stopper diodes 71 and 91 are provided, in case     (g) In summary,
the features and advantages of a ground fault accident occurs in an
electric car  the installation according to the present inven- power supply
line, it is possible to prevent a     tion is such that in case an accident
occurs, it is powering current from flowing from the non-  15    possible
to effectively prevent the spread of an defective power supply lines to the
defective      accident and thus enhance the reliability of the power
supply line by opening only the thyristor    system, in spite of the fact
that the number of breaker connected to the defective power sup-
thyristor breakers is reduced to only two. nly line. Further, two dc
disconnecting switches and 92 are connected in parallel to the two   20
Claims stopper diodes 71 and 91 separately, when these two switches are
closed, it is possible to  1. An apparatus suitable for connecting a pair
of enable the mutual spare power supply system.        electrically
separated DC power supply lines (d) When one of a double track is required
to       (9a, 9b) associated with a track of a DC elec- suspend the
powering current during an exten-  25   tric railroad to a DC bus bar (3)
which is sion power supply operation, one of the thyristor   supplied from
an AC power supply through an breakers 23 and 43 is opened. Therefore, it
is      AC-DC converter (1), characterized in that it possible to continue
to supply the powering         comprises: current to the other of the
double track through       a) a diode bridge (21) having first, second, the
other closed thyristor breaker.         30        third and fourth diodes
(22a to 22d), each (e) In case an accident occurs during an exten-
having an anode and a cathode, the anode sion power supply operation, since
an extension        of the first diode (22a) being connected at a power
supply current supplied from an adjacent        first junction (26) to the
cathode of the sec- substation can be interrupted by the thyristor
ond diode (22b), the anode of the third breaker connected to an accident
power supply  35      diode (22c) being connected at a second line, it is
unnecessary to interrupt the extension    junction (27) to the cathode of
the fourth powering current at the adjacent substation.           diode
(22d), the cathode of the first diode Therefore, it is possible to simplify
the operation   (22a) being connected at a third junction quence of repair
or maintenance and further          (24) to the cathode of the third diode
(22c), to minimize the influence of an accident upon   40    the anode of
the second diode (22b) being other substations.
connected at a fourth junction (25) to the (f) Further, in the case of the
third embodiment       anode of the fourth diode (22d), the third shown in
Fig. 4, since a two-way power con-           junction (24) being connected
to the DC bus verter 100 and a diode series-connected circuit        bar
(3), 101 are additionally connected and can be op-  45     b) a thyristor
(23) having an anode con- erated as a power rectifier, it is possible to
nected to the third junction (24) and a cath- reduce the capacity of the
power rectifier 1 or to     ode to the fourth junction (25), the thyristor
supply a powering current in case the power            (23) disconnecting
the third and the fourth rectifier 1 develops trouble, without suspending
junctions in response to occurrence of an the substation.
50         electrical accident in at least one of the DC Further, when the
two-way power converter 100         power supply lines (9a, 9b); is
operated as a power inverter and fails in com-       c) a first switch (8a)
connected between the mutation, it is possible to interrupt an accident
first junction (26) and one of the power current flowing from the power
rectifier 1 to the        supply lines (9a); and two-way power converter
100 or to prevent a re-  55      d) a second switch (8b) connected between
generative current from flowing to the two-way           the second
junction (27) and the other pow- power converter 100. That is, the spread
of an           er supply lines (9b). accident of the two-way power
converter can be 8    15                EP 0 209 087 B1
16 2. An apparatus as set forth in claim 1, further  4. An apparatus as set
forth in claim 3, character- suitable for connecting a second pair of DC
ized in that it further includes: power supply lines (10a, 10b) associated
with        m) a ninth diode (102) having an anode a second track of the DC
electric railroad to        connected to the cathodes of the first and said
DC bus bar (3), characterized in that it   5    second stopper diodes (71,
91) and a cath- further includes:                                    ode
connected to the regenerative bus bar e) a second diode bridge (41) having
fifth,       (63); and 



sixth, seventh and eighth diodes (42a to          n) a tenth diode (103)
having an anode 42d) each having an anode and a cathode,          connected
to the cathode of the ninth diode the anode of the fifth diode (42a) being
10     (102) and a cathode connected to the DC connected at a fifth
junction (46) to the         bus bar (3). cathode of the sixth diode (42b),
the anode of the seventh diode (42c) being connected  Patentanspruche at a
sixth junction (47) to the cathode of the eighth diode (42d), the cathode
of the fifth  15  1. Vorrichtung, die zum verbinden eines Paares diode
(42a) being connected at a seventh        elektrisch getrennter, einem
Gleis einer elektri- junction (44) to the cathode of the seventh     schen
Glelchstrom-Eisenbahn  zugeordneter diode (42c), the anode of the sixth
diode       Gleichstrom-Versorgungsleitungen (9a, 9b) mit (42b) being
connected at an eighth junction     einer Gleichstrom-Sammelschiene (3)
geeignet (45) to the anode of the eighth diode (42d),  20  Ist,     die
durch         einen the seventh junction (44) being connected
Wechseistrom/Gleichstrom-Wandler (1) von el- to the DC bus bar (3);
ner Wechselstromquelle versorgt wird, dadurch f) a second thyristor (43)
having an anode      gekennzeichnet, daO sie umfafit: connected to the
seventh junction (44) and        (a) eine DiodenbrUcke (21) mit ersten,
zwei- a cathode to the eighth junction (45), the   25   ten, dritten und
vierten Dioden (22a bis 2d), second thyristor (43) disconnecting the sev-
die jeweils eine Anode und eine Katode enth and the eighth junctions in
response to      besitzen, wobei die Anode der ersten Diode occurrence of
an electrical accident in at        (22a) an einer ersten Verbindungsstelle
(26) least one of the DC power supply lines            mit der Katode der
zweiten Diode (22b) (10a,10b) of the second pair;        30
verbunden ist, die Anode der dritten Diode g)a third switch (8c) connected
between the       (22c) an einer zwelten Verbindungsstelle fifth junction
(46) and one of the power          (27) mit der Katode der vierten Diode
(22d) supply lines (10a) of the second pair;            verbunden ist, die
Katode der ersten Diode h) a fourth switch (8d) connected between
(22a) an einer dritten Verbindungsstelle the sixth junction (47) and the
other power  35   (24) mit der Katode der dritten Diode (22c) supply line
(10b) of the second pair; and         verbunden ist, die Anode der zweiten
Diode i) a fifth switch means (61; 72, 92) for selec-   (22b) an einer
vierten Verbindungsstelle (25) tively connecting the fourth junction (25)
mit der Anode der vierten Diode (22d) ver- and the eighth junction (45).
bunden ist, und die dritte Verbindungsstelle 40        (24) mit der
Gleichstrom-Sammelschiene (3) 3. An apparatus as set forth in claim 2,
further        verbunden ist, suitable for connecting said DC power supply
(b) einen Thyristor (23) mit einer mit der lines (9a, 9b, 10a, 10b) to a
regenerative bus       dritten Verbindungsstelle (24) verbundenen bar (63)
which is connected to a DC-AC con-          Anode und einer mit der vierten
Verbin- verter, characterized in that it further includes:   45
dungsstelle (25) verbundenen Katode, wobei j) a first stopper diode (71)
having an anode     der Thyristor (23) die dritte von der vierten connected
to the fourth junction (25) and a       Verbindungsstelle trennt in
Reaktion auf das cathode connected to the regenerative, bus
Auftreten elner elektrischen St6rung in min- bar (63);
destens einer der Gleichstrom-Versorgungs- k) a second stopper diode (91)
having an  50      leitungen (9a, 9b); anode connected to the eighth
junction (45)       (c) einen ersten Schalter (8a), der zwischen and a
cathode connected to the regenera-          der ersten Verbindungsstelle
(26) und einer tive bus bar (63), and
Stromversorgungsleitung (9a) angeschlos- I) sixth and seventh switches (72,
92) con-       son ist; nected in parallel with the first and second   55
(d) einen zweiten Schalter (8b), der zwi- stopper diodes (71, 91)
respectively for for-     schen der zweiten Verbindungsstelle (27) ming
said fifth switch means.                     und der anderen
Stromversorgungsleitung (9b) angeschlossen ist. I 1111 1111111111111 1111
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18 2. Vorrichtung nach Anspruch 1, welter geeignet,         denen  Anode
und  elner  mit  der ein zweites Paar elnem zweiten Gleis der elek-
RUckgewinnungs-Sammelschiene (63) ver- trischen Gleichstrom-Eisenbahn
zugeordnete           bundenen Katode; Gleichstrom-Zufthrleitungen (1 Oa,
10b) mit der      (k) elne zweite Trenndiode (91) mit einer mit
Gleichstrom-Sammelschlene (3) zu verbinden,   5      der achten
Verbindungsstelle (45) verbun- dadurch gekennzelchnet, daB sie welter ent-
denen   Anode  und  einer  mit  der hIlt:
RUckgewinnungs-Sammelschiene (63) ver- 



(e) elne zweite DiodenbrUcke (41) mit fInf-        bundenen Katode, und
ter, sechster, siebter und achter Diode (42a       (I) sechste und slebte
Schalter (72, 92), die bis 42d), die jeweils elne Anode und eine   10
jeweils parallel zu der ersten bzw. zweiten Katode besitzen, wobei die
Anode der flnf-         Trenndiode (71, 91) geschaltet sind, um je- ten
Diode (42a) an einer frnften Verbin-           wells das ftnfte
Schaltermittel zu bilden. dungsstelle (46) mit der Katode der sechs- ten
Diode (42b) verbunden ist, die Anode     4. Vorrichtung nach Anspruch 3,
dadurch gekenn- der siebten Diode (42c) an einer sechsten   15   zeichnet,
daB sie weiter enthalt: Verbindungsstelle (47) mit der Katode der
(m) elne neunte Diode (102), die eine mit achten Diode (42d) verbunden ist,
die Kato-        den Katoden der ersten und der zweiten de der fUnften
Diode (42a) an einer siebten        Trenndiode (71, 91) verbundene Anode
und -      Verbindungsstelle (44) mit der Katode der          eine  mit der
RUckgewinnungs-Sammel- siebten Diode (42c) verbunden ist, die Ano-  20
schiene (62) verbundene Katode besitzt; de der sechsten Diode (42b) an
einer ach-          und ten Verbindungsstelle (45) mit der Anode
(n) elne zehnte Diode (103) mit elner mit der achten Diode (42d) verbunden
ist und           der Katode der neunten Diode (102) verbun- die siebte
Verbindungsstelle (44) mit der          denen  Anode  und  elner  mit  der
Gloichstrom-Sammelschione (3) verbunden   25
Glsichstrom-Sammelschiene (3) verbunde- ist;
nen Katode. (f) elnen zweiten Thyristor (43) mit elner mit der siebten
Verbindungsstelle (44) verbun-   Revendications denen Anode und einer mit
der achten Ver- bindungsstelle (45) verbundenen Katode,  30  1. Apparell
propre a raccorder une paire de li- wobei der zweite Thyristor (43) die
siebte       gnes d'alimentation de puissance en courant von der achten
Verbindungsstelle trennt in       continu (9a, 9b) electrlquement sdpardes
et Reaktion auf das Auftreten elner elektri-       assocides & la vole d'un
chemin de fer 6lectri- schen Storung in mindestens elner der            que
a courant contlnu, & une barre de bus (3) Gleichstrom-Zufihrleitungen (10a,
10b) des  35   a courant continu, loquel est aliment6 depuis zweiten
Paares;                                  une alimentation de puissance &
courant alter- (g) eonen dritten, zwischen der fUnften Ver-     natif via
un convertisseur altematif/continu (1), bindungsstelle (46) und elner deor
Stromver-     caractdrisd en ce qu'il comprend: *  sorgungsleitungen (1Oa)
des zweiten Paares         a) un pont de diodes (21) comportant une
angeschlossenen Schalter (8c);          40         premiere, une seconde,
une troisibme et (h) eonen vierten, zwischen der sechsten           une
quatrieme diodes (22a & 22d), ayant Verbindungsstelle (47) und der anderen
chacune une anode et une cathode, lPanode Stromversorgungsleitung (10b) des
zweiten          de la premrire diode (22a) 6tant raccord~e Paars
angeschlossenen Schalter (8d); und           en une premibre jonction (26)
& la cathode (i) ein fUnftes Schaltermittel (61; 72, 92)  45    de la
seconde diode (22b), Ianode de la zum wahlweisen Verbinden der vierten Ver-
troisibme diode (22c) dtant raccord6e en bindungsstelle (25) mit der achten
Verbin-         une seconde jonction (27) a la cathode de dungsstelle (45).
Ia quatribme diode (22d), la cathode de la premibre diode (22a) etant
raccordde on 3  Vorrichtung nach Anspruch 2, welter geeignet  50      une
troisibme jonction (24) & la cathode de zum Verbinden der
Gleichstrom-Versorgungs-           la troisibme diode (22c), I anode de la
se- leitungen  (Ga, 9b, 10a, 10b) mit einer              conde diode (22b)
dtant raccordde en une Rackgewinnungs-Sammelschiene (63), die an
quatribme jonction (25) a l'anode de la qua- elnen
Gleichstrom/Wechelstrom-Wandler ange-          tribme diode (22d), la
troisibme jonction (24) schlossen ist, dadurch gekennzeichnet, daB! sie  55
6tant raccordoe a la barre de bus a courant weiter enthalt:
continu (3), (j) eine erste Trenndiode (71) mit einer mit       b) un
thyristor (23) ayant une anode raccor- der vierten Verbindungsstelle (25)
verbun-         due & la troisibme jonction (24) et une ca- *   C  L  M  S
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thode raccordoe a la quatribme jonction           tion (45). (25), le
thyristor (23) interrompant la troisie- me et la quatribme jonctions en r
ponse a   3  Appareil selon la revendication 2, propre en la survenance
d'un accident 6lectrique dans     outre h raccorder lesdites lignes
d'alimentation l'une au moins des lignes d'alimentation en   5  a courant
continu (9a, 9b, 1 Oa, 1 Ob) a une puissance a courant continu (9a, 9b);
barre de bus de r6cup~ration (63) qui est rac- c) un premier commutateur
(8a) raccord6         cordse a un convertisseur continu/alternatif, entre
la premibre jonction (26) et l'une des    caracteris6 en ce qu'il comprend
en outre: 



lignes d'alimentation en puissance (9a); et       j) une premibre diode
d'arret (71) ayant une d) un second commutateur (8b) raccorde   10
anode raccordde a la quatribme jonction entre la seconde jonction (27) et
l'autre li-     (25) et une cathode raccord6o a la barre de gne
d'allmentatlon en puissance (9b).             bus de rdcup~ration (63); k)
une seconde diode d'arr~t (91) ayant une 2. Appareil selon la revendication
1, propre en         anode raccord~e a la huitibme jonction (45) outre a
connecter une seconde paire de lignes  15    et une cathode raccordoe & la
barre de bus d'alimentation en puissance A courant continu        de
recupdration (63), et (10a, 10b) associ6es a une seconds voie du
1) un sixibme commutateur et un septibme chemin de fer 6lectrique & ladite
barre de bus       commutateur (72, 92) raccord~s en paralible A courant
continu (3), caract&ris6 en ce qu'il         l la premibre diode d'arrft et
& la seconde J/    comprend en outre:                         20
diode d'arrit (71, 91) respectivement pour e) un second pont de diodes (41)
compor-          former ledit cinquibme dispositif commuta- tant une
cinquibme, une sixibme, une sep-         tour. tibme et une huitibme diodes
(42a a 42d), ayant chacune une anode et une cathode,     4. Appareil selon
la revendication 3, caract&Ws4 I'anode de la cinquibme diode (42a) etant
25   en ce qu'il comprend en outre: raccord~e en une cinquieme jonction
(46) h        m) une neuvibme diode (102) ayant une la cathode de la
sixi&me diode (42b), 'ano-       anode raccordde aux cathodes des premib-
de de la septibme diode (42c) 6tant raccor-       re et seconde diodes
d'arrOt (71, 91) et une d6e en une sixieme jonction (47) & la catho-
cathode raccord~e a la barre de bus de de de la hultibme diode (42d), la
cathode de   30  recupdration (63); et la cinquibme diode (42a) 6tant
raccord6e en       n) une dixibme diode (103) ayant une anode une septibme
jonction (44) a la cathode de        raccordse & la cathode de la neuvibme
dio- Ia septibme diode (42c), 'anode de la sixi&-      de (102) et une
cathode raccordee a la me diode (42b) 6tant raccord~e en une hui-
barre de bus a courant continu (3). tibme jonction (45) & I'anode de la
huitibme   35 diode (42d), la septibme jonction (44) 6tant raccord~e h la
barre de bus & courant conti- nu (3), f) un second thyristor (43) ayant une
anode raccord6o a la septibme jonction (44) et une   40 cathode raccord~e A
la huitieme jonction (45), le second thyristor (43) interrompant la
septieme et la huitibme jonctions en rdpon- se a la survenance d'un
accident 6iectrique dans l'une au moins des lignes d'alimenta-  45 tion en
puissance & courant continu (10a, lOb) de la seconde paire; g) un troisibme
commutateur (8c) raccordd entre la cinquibme jonction (46) et l'une des
lignes d'allmentation en puissance (10a) de   50 la seconde paire; h) un
quatribme commutateur (8d) raccorde entre la sixieme jonction (47) et
I'autre ligne d'alimentation en puissance (10b) de la se- condo paire; et
55 i) un cinquibme dispositif commutateur (61; 72, 92) destind a raccorder
selectivement Ia quatrieme jonction (25) et la huitibme jonc- 11
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