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Description

Technical Field

[0001] The invention relates to a protection relay apparatus-including a reclosing function.

Background Art

[0002] Conventionally, a two-terminal power system to which a protection relay apparatus 10 shown in FIG. 15, for
example, is applied is known. Currents detected by current transformers (instrument current transformers) 2 and a signal
indicating the opened or closed state of the contacts of a circuit breaker 4 are input to the protection relay apparatus 10.
The protection relay apparatus 10 detects a fault based on currents detected by the current transformers. When detecting
a fault, the protection relay apparatus 10 outputs an interruption signal to the circuit breaker 4 to open the contacts of
the circuit breaker 4. By opening the circuit breaker 4, the fault current is interrupted. Closing the circuit breaker 4 (that
is, closing) again after the circuit breaker 4 was tripped is called reclosing the circuit breaker 4 or reclosing. It is possible
to reduce power failure time by reclosing after tripping the circuit breaker 4.
[0003] The reclosing has various systems depending on the number of lines and the condition of a fault. For example,
a single-phase reclosing system in which the circuit breaker of only a fault phase is opened and reclosed in the case of
a fault (single-phase fault) that occurs in one phase of three phases, a three-phase reclosing system in which the three
phases are reclosed after they are interrupted in the case of a fault in two or more phases and the like are known. Further,
in a power transmission line system including two parallel lines, a multi-phase reclosing system for selecting only a fault
phase and reclosing the circuit breaker at high speed in a condition that sound phases of two or more phases in which
no fault occurs are present and the parallel lines are interconnected after a fault phase was interrupted is known.
[0004] A time from the fault interruption time until the circuit breaker is reclosed is called a reclosing no-voltage time.
Generally, the reclosing no-voltage time is set to approximately one second in the single-phase reclosing system and
multi-phase reclosing system and is set to approximately two seconds in the three-phase reclosing system.
[0005] Next, the time chart indicating the correlation of operation timings of the protection relay apparatus 10 and the
circuit breaker 4a from occurrence of a fault to closing of the circuit breaker 4a is shown in FIG. 16. The protection relay
apparatus 10 of the power transmission line outputs an opening instruction to the circuit breaker 4a at the time of
occurrence of a fault. As a result, the circuit breaker 4a is opened. However, an arc occurs between the contacts of the
circuit breaker 4a immediately after being opened. While an arc is being generated, a fault current continues to flow in
the circuit breaker 4a. In the case of an alternating current system, the arc between the contacts extinguishes when the
current becomes zero. As a result, interruption of the fault current is completed.
[0006] In a system fault, a secondary arc at the fault point extinguishes after interruption of the fault current is completed
and the circuit breaker is reclosed after waiting for arc ions to be eliminated. The time (de-ionization time) until the arc
ions are eliminated depends on an arc current, system voltage, line extending length, wind speed at the fault point and
the like. Therefore, the reclosing no-voltage time is set longer than the de-ionization time.
[0007] However, in the case of a permanent fault due to the contact of trees or open circuit or the like, a fault occurs
again even if the circuit breaker is reclosed after an elapse of the set reclosing no-voltage time. Thus, reclosing the
circuit breaker while a fault lasts damages a part of the system (circuit breaker, transformer or power transmission line)
and further influences the stability of the power system.

[Prior Art Literature]

[Non Patent Literature]

[0008] Non Patent Literature 1: "Protection Relay System" by Keizou Nakayama, First Edition, Denki Shoin, February
25, 1974, pp. 137-140

[Other Prior Art Literature]

[0009] US 7 317 599 B2 discloses a method, system, and device for the auto-reclosing a faulted power transmission
line by measuring the characteristics of voltage on a faulted line to determine, in real-time, the moment that the secondary
arc is extinguished.
[0010] WO 2010/032682 A1 discloses a reclosing method for an electrical power transmission line with which reclosing
is performed at high speed by means of a protective relay that is equipped with a protection calculation function, whereby
a faulty phase of the electrical power transmission line is interrupted by means of a prescribed protection calculation in
which a voltage signal and a current signal that are detected at each terminal of the electrical power transmission line
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are input, and a reclosing function whereby a "reclose" command is output to the breaker of a terminal when a reclosing
condition is met with respect to a faulty phase that has been interrupted, wherein a "startup" command is transmitted to
the breaker that has interrupted the faulty phase when the line voltage value of the faulty phase that is detected at the
terminal after the fault interruption is within a permissible range that is determined by the line voltage value when the
faulty phase is sound for release.
[0011] XIANGNING LIN ET AL: "An Intelligent Adaptive Reclosure Scheme for High Voltage Transmission Lines",
INTELLIGENT SYSTEMS APPLICATIONS TO POWER SYSTEMS, 2007. ISAP 2007. INTERNATIONAL CONFER-
ENCE ON, IEEE, PI, 1 November 2007 proposes a criterion using residual voltage and fuzzy decision to improve the
successful rate of reclosing.

Disclosure of Invention

[0012] A problem to be solved in the invention is to provide a protection relay apparatus capable of suppressing a
circuit breaker from being reclosed while a fault lasts.
[0013] Accordingly, there is provided a protection relay apparatus as set out in independent claim 1. Advantageous
developments are defined in the dependent claims.

Brief Description of Drawings

[0014]

FIG. 1 is a configuration diagram of a two-terminal power system in which a protection relay apparatus according
to a first embodiment of the invention is provided.
FIG. 2 is a circuit diagram showing the sequence of a protection operation of the protection relay apparatus according
to the first embodiment.
FIG. 3 is a configuration diagram of a power system indicating an electrostatic coupling voltage calculated by the
protection relay apparatus according to the first embodiment.
FIG. 4 is a configuration diagram of a power system indicating an electromagnetic coupling voltage calculated by
the protection relay apparatus according to the first embodiment.
FIG. 5 is a graph diagram indicating a no-voltage confirmation time set in the protection relay apparatus according
to the first embodiment.
FIG. 6 is a flowchart showing the protection operation of the protection relay apparatus according to the first em-
bodiment.
FIG. 7 is a circuit diagram showing the sequence of a protection operation of a protection relay apparatus according
to a second embodiment of the invention.
FIG. 8 is a flowchart showing the protection operation of the protection relay apparatus according to the second
embodiment.
FIG. 9 is a characteristic diagram showing the characteristic for determining an interrupted-phase voltage on the
protection relay apparatus according to the second embodiment.
FIG. 10 is a configuration diagram of a two-terminal power system in which a protection relay apparatus according
to a third embodiment of the invention is provided.
FIG. 11 is a circuit diagram showing the sequence of a protection operation of the protection relay apparatus
according to the third embodiment.
FIG. 12 is a flowchart showing the protection operation of the protection relay apparatus according to the third
embodiment.
FIG. 13 is a circuit diagram showing the sequence of a protection operation of a protection relay apparatus according
to a fourth embodiment.
FIG. 14 is a flowchart showing the protection operation of the protection relay apparatus according to the fourth
embodiment.
FIG. 15 is a configuration diagram of a two-terminal power system in which the conventional protection relay apparatus
is provided.
FIG. 16 is a time chart showing the correlation between operation timings of the protection operation of the conven-
tional protection relay apparatus and the opening or closing operation of a circuit breaker.

[0015] Mode for Carrying Out the Invention Embodiments of the invention are explained below with reference to the
drawings.
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(First Embodiment)

[0016] FIG. 1 is a configuration diagram of a power system 20 in which a protection relay apparatus 1 according to a
first embodiment of the invention is provided. In this case, the same symbols are attached to the same portions in the
respective drawings and the detailed explanation thereof is omitted and different portions are mainly described. The
same applies to the following embodiments and the repetitive explanation is omitted.
[0017] The power system 20 is a three-phase alternating current two-terminal power system. In the power system 20,
the current transformers 2 and voltage transformers (instrument voltage transformers) 3 are respectively provided in the
respective phases. On its own end side of the power system 20, the circuit breaker 4a is provided in each phase. On
the opposite end side of the power system 20, the circuit breaker 4b is provided in each phase.
[0018] A current detected by the current transformer 2 of each phase and voltage VL detected by the voltage transformer
3 of each phase are input to the protection relay apparatus 1. The protection relay apparatus 1 detects a fault based on
the input current and voltage VL of each phase. When detecting a fault, the protection relay apparatus 1 opens the circuit
breaker 4a to interrupt a fault section in which the fault is detected. As a result, the power transmission line of the power
system 20 is protected. Further, the circuit breaker 4b on the opposite end side is opened by a different protection relay
apparatus provided on the opposite end side.
[0019] FIG. 2 is a circuit diagram showing the sequence of a protection operation of the protection relay apparatus 1
according to the first embodiment.
[0020] The protection relay apparatus 1 includes a reclosing circuit 100 and interrupted-phase voltage determination
unit 110.
[0021] The reclosing circuit 100 outputs a reclosing signal 107 and a remaining-phase interruption signal 109 based
on a fault interruption signal 101, an interconnection confirmation signal 102 and an interrupted-phase voltage confir-
mation signal 103.
[0022] The fault interruption signal 101 is a signal for outputting an instruction that opens the circuit breaker 4a when
the protection relay apparatus 1 detects a fault.
[0023] The interconnection confirmation signal 102 is a signal indicating that the interconnection is established (the
power system on its own end side and the power system on the opposite end side are connected). The interconnection
confirmation signal 102 is output when phases (sound phases) of two or more phases in which no fault occurred are
present in the power transmission line after fault interruption (after opening of circuit breakers 4a, 4b).
[0024] The interrupted-phase voltage confirmation signal 103 is a signal indicating that a voltage of the fault phase
(interrupted phase) in which circuit breakers 4a, 4b are opened is within a permissible range. The interrupted-phase
voltage determination unit 110 determines whether or not the voltage of the interrupted phase is within the permissible
range based on voltage VL detected by the voltage transformer 3. When determining that the voltage of the interrupted
phase is within the permissible range, the interrupted-phase voltage determination unit 110 outputs the interrupted-
phase voltage confirmation signal 103.
[0025] The reclosing signal 107 is a signal for issuing an instruction of reclosing after opening the circuit breaker 4a.
[0026] The remaining-phase interruption signal 109 is a signal for issuing an instruction of interrupting residual phases
(remaining phases) in which the circuit breaker 4a is not opened.
[0027] The reclosing circuit 100 includes two timers 104, 106, two AND gates 105, 108 and a NOT gate 120.
[0028] The fault interruption signal 101 is input to the timer 104. No-voltage confirmation time th is set in the timer 104.
The timer 104 outputs a signal to the AND gate 105 and timer 106 after an elapse of no-voltage confirmation time th
from the time the fault interruption signal 101 was input.
[0029] A signal from the timer 104, the interconnection confirmation signal 102 and the interrupted-phase voltage
confirmation signal 103 are input to the AND gate 105. The AND gate 105 outputs a signal to the NOT gate 120 and
outputs the reclosing signal 107 if all of the signal from the timer 104, the interconnection confirmation signal 102 and
the interrupted-phase voltage confirmation signal 103 are input (if the AND condition is satisfied).
[0030] A signal from the timer 104 is input to the timer 106. Reclosing abandonment time t1 for abandoning reclosing
is set in the timer 106. The timer 106 outputs a signal to the AND gate 108 after an elapse of reclosing abandonment
time t1 from the time the signal from the timer 104 was input.
[0031] A signal from the AND gate 105 is input to the NOT gate 120. The NOT gate 120 outputs a signal to the AND
gate 108 while a signal is not input from the AND gate 105. The NOT gate 120 does not output a signal when a signal
is input from the AND gate 105.
[0032] A signal from the timer 106 and a signal from the NOT gate 120 are input to the AND gate 108. The AND gate
108 outputs the remaining-phase interruption signal 109 when signals are input from both of the timer 106 and NOT
gate 120.
[0033] Next, a determination method of outputting the interrupted-phase voltage confirmation signal 103 in the inter-
rupted-phase voltage determination unit 110 is explained.
[0034] The permissible range used for determination on the interrupted-phase voltage determination unit 110 is ex-
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pressed by the following expression. 

where "k" expresses a permissible factor, "Vk" expresses a reference voltage and "VL" expresses a voltage detected
by the voltage transformer 3.
[0035] Permissible factor k is determined by taking a measurement error, an error in an operation process or an error
due to an instrument or the like into consideration. Permissible factor k is 10% (k=0.1), for example.
[0036] Reference voltage Vk is previously set in the interrupted-phase voltage determination unit 110. Reference
voltage Vk is obtained by previously measuring a voltage at the opening time of circuit breakers 4a, 4b set in each phase
with the voltage transformer 3 when no fault occurs (at the sound time). As reference voltage Vk used for determination
at the fault time, reference voltage Vk of the same phase as the phase (fault phase) in which the fault is detected is used.
[0037] Voltage VL measured by the voltage transformer 3 at the opening time of circuit breakers 4a, 4b is explained.
[0038] FIG. 3 is a configuration diagram of a power system indicating an electrostatic coupling voltage calculated by
the protection relay apparatus 1. FIG. 4 is a configuration diagram of a power system indicating an electromagnetic
coupling voltage calculated by the protection relay apparatus 1.
[0039] Voltage VL at the opening time of circuit breakers 4a, 4b is the sum of the electrostatic coupling voltage and
electromagnetic coupling voltage. First, a case of a single-phase fault of a one-line power transmission line (in this case,
a fault of the a-phase) is explained.
[0040] After a fault occurs in the a-phase and circuit breakers 4a, 4b of the a-phase are opened, a voltage (induced
voltage) induced from the b-phase and c-phase that are sound phases occurs in the a-phase. The induced voltage is a
voltage obtained by combining the electrostatic coupling voltage and electromagnetic coupling voltage.
[0041] FIG. 3 shows the electrostatic coupling relationship of the a-phase voltage. Where interphase electrostatic
capacitances occurring between lines (between the a-phase and the b-phase and between the a-phase and the c-phase)
due to the electrostatic coupling are "Cm" and electrostatic capacitance to ground is "Cs", "Vca" indicating the electrostatic
coupling voltage of the a-phase is expressed as follows. 

[0042] FIG. 4 shows the electromagnetic coupling relationship of the a-phase.
[0043] If an angular frequency depending on the frequency of the power system 20 is "ω", mutual impedance occurring
between lines due to the electromagnetic coupling is "M", a current passing through the b-phase is "Ib" and a current
passing through the c-phase is "Ic", "VMa" indicating the electromagnetic coupling voltage of the a-phase is expressed
by the following equation by use of "j" that is an imaginary unit. 

[0044] Therefore, the induced voltage of the a-phase of the state in which circuit breakers 4a, 4b of the a-phase are
opened can be expressed by VCa+VMa as the sum of the electrostatic coupling voltage indicated by Equation (2) and
the electromagnetic coupling voltage indicated by Equation (3). Since the induced voltage is an induced voltage occurring
in the a-phase if the a-phase is a open-phase state, reference voltage Vk similarly is expressed.
[0045] The relationship between reference voltage Vk and a voltage (measured voltage) measured by the voltage
transformer 3 immediately after completion of interruption of the fault phase due to the single-phase fault is explained
with reference to FIG. 5.
[0046] The induced voltage immediately after completion of interruption of the fault phase is approximately 0. After
this, if the fault of the power system 20 is restored, the induced voltage rises to approximately reference voltage Vk and
becomes constant. Therefore, measured voltage VL varies similarly to the induced voltage.
[0047] No-voltage confirmation time th set in the timer 104 is set to a time that is longer than a time to a time point at
which it is predicted that measured voltage VL becomes constant in a portion near reference voltage Vk immediately
after completion of interruption of the fault phase (the 0 point in FIG. 5).
[0048] FIG. 6 is a flowchart indicating the procedure of the protection operation of the protection relay apparatus 1
according to the first embodiment. In this case, an example of a case wherein permissible factor k is set to 10% (k=0.1)
is shown.
[0049] The reclosing circuit 100 determines whether the fault interruption signal 101 is input or not (step S1). The
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reclosing circuit 100 continuously makes the above determination (No in step S1) until the fault interruption signal 101
is input.
[0050] When determining that the fault interruption signal 101 is input (Yes in step S1), the reclosing circuit 100
determines whether it is interconnected or not (whether the interconnection confirmation signal 102 is input or not) as
one of reclosing conditions (step S2). If the reclosing circuit 100 determines that it is not interconnected (No in step S2),
it determines whether or not the remaining-phase interruption signal 109 is to be output (step S9a).
[0051] If determining that it is interconnected (Yes in step S2), the interrupted-phase voltage determination unit 110
selects a fault phase (step S3). The interrupted-phase voltage determination unit 110 acquires reference voltage Vk of
the selected fault phase (step S4). After this, the interrupted-phase voltage determination unit 110 determines whether
or not time t after the fault interruption signal 101 was input (or the time after the circuit breaker 4a provided on its own
end was opened) has exceeded no-voltage confirmation time th (step S5a). The interrupted-phase voltage determination
unit 110 waits until time t exceeds no-voltage confirmation time th (No in step S5a).
[0052] The interrupted-phase voltage determination unit 110 measures voltage VL of the fault phase after time t has
exceeded no-voltage confirmation time th (step S6a). The interrupted-phase voltage determination unit 110 determines
whether or not measured voltage VL of the fault phase is within the previously set permissible range (0.9Vk < VL <
1.1Vk) (step S7a).
[0053] When determining that measured voltage VL of the fault phase is not within the permissible range (No in step
S7a), the reclosing circuit 100 determines whether or not the remaining-phase interruption signal 109 is to be output
(step S9a). When determining that measured voltage VL of the fault phase is within the permissible range (Yes in step
S7a), the reclosing circuit 100 outputs the reclosing signal 107 (step S8a).
[0054] Next, the operation of the protection relay apparatus 1 is explained by using a concrete example. First, the
operation in a case wherein a fault of an arc that extinguishes within no-voltage confirmation time th occurs in one phase
and sound phases of two or more phases in which no fault occurs are left and are interconnected is explained.
[0055] If an arc fault occurs in one phase, the fault interruption signal 101 is input to the reclosing circuit 100. Therefore,
the reclosing circuit 100 determines that the fault interruption signal 101 is input (Yes in step S1).
[0056] Since sound phases of two or more phases are left, the interconnection confirmation signal 102 indicating that
they are interconnected is input to the reclosing circuit 100. Therefore, the reclosing circuit 100 determines that the
interconnection confirmation signal 102 is input (Yes in step S2).
[0057] The interrupted-phase voltage determination unit 110 selects a phase in which a fault has occurred (step S3).
The interrupted-phase voltage determination unit 110 acquires reference voltage Vk at the sound time when circuit
breakers 4a, 4b of the selected phase are opened (step S4a). The interrupted-phase voltage determination unit 110
acquires measured voltage VL of the fault phase by the voltage transformer 3 (step S6a) after an elapse of no-voltage
confirmation time th from the time the fault interruption signal 101 was input (Yes in step S5a). The interrupted-phase
voltage determination unit 110 determines whether or not acquired measured voltage VL is within the previously set
permissible range (step S7a).
[0058] The arc fault extinguishes within no-voltage confirmation time th based on a precondition. Therefore, since the
fault phase in which the arc fault occurred is recovered from the fault, measured voltage VL of the fault phase measured
after an elapse of no-voltage confirmation time th is returned to the range previously set before the arc fault occurred.
As a result, the interrupted-phase voltage determination unit 110 determines that measured voltage VL is within the
previously set range (Yes in step S7a). Therefore, the interrupted-phase voltage determination unit 110 outputs the
interrupted-phase voltage confirmation signal 103 to the reclosing circuit 100.
[0059] The reclosing circuit 100 outputs the reclosing signal 107 to the circuit breaker 4a provided in the fault phase
(step S8a) since all of the conditions of inputting the fault interruption signal 101 (Yes in step S1), inputting the intercon-
nection confirmation signal 102 (Yes in step S2) and inputting the interrupted-phase voltage confirmation signal 103
(Yes in step S7a) are satisfied. As a result, the circuit breaker 4a provided in the fault phase is reclosed.
[0060] Next, a case wherein a permanent fault occurs in one phase and sound phases of two or more phases are left
and are interconnected is explained.
[0061] First, the reclosing circuit 100 determines that the fault interruption signal 101 is input (Yes in step S1). Further,
the reclosing circuit 100 determines that the interconnection confirmation signal 102 is input (Yes in step S2).
[0062] The interrupted-phase voltage determination unit 110 selects a fault phase (step S3). The interrupted-phase
voltage determination unit 110 acquires reference voltage Vk at the sound time when circuit breakers 4a, 4b of the
selected phase are opened (step S4a). The interrupted-phase voltage determination unit 110 acquires measured voltage
VL of the fault phase by the voltage transformer 3 (step S6a) after an elapse of no-voltage confirmation time th from the
time the fault interruption signal 101 was input (Yes in step S5a). The interrupted-phase voltage determination unit 110
determines whether or not acquired measured voltage VL is within the previously set permissible range (step S7a).
[0063] Since it is the permanent fault based on the precondition, the fault lasts even if after no-voltage confirmation
time th has elapsed. Therefore, measured voltage VL of the fault phase measured after an elapse of no-voltage confir-
mation time th is not returned to reference voltage Vk before the fault occurred. As a result, measured voltage VL is not
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within the permissible range. Therefore, the interrupted-phase voltage determination unit 110 determines that measured
voltage VL is not within the previously set range (No in step S7a). The interrupted-phase voltage determination unit 110
does not output the interrupted-phase voltage confirmation signal 103 to the reclosing circuit 100.
[0064] The input of the fault interruption signal 101 (Yes in step S1) and the input of the interconnection confirmation
signal 102 (Yes in step S2) are provided for the reclosing circuit 100, but the interrupted-phase voltage confirmation
signal 103 is not input (No in step S7a). Therefore, the reclosing circuit 100 does not output the reclosing signal 107.
Further, owing to the permanent fault, the reclosing circuit 100 finally outputs the remaining-phase interruption signal
109 to circuit breakers 4a provided in the phases other than the fault phase (step S9a). As a result, circuit breakers 4a
provided in the phases other than the fault phase are also opened.
[0065] Next, a case wherein sound phases of two or more phases are not left (that is, they are not interconnected)
irrespective of the type of fault such as an arc fault or permanent fault is explained.
[0066] First, the reclosing circuit 100 determines that a fault interruption signal is input in fault interruption signal
determination step S1 (Yes in step S1). Then, the reclosing circuit 100 determines that a interconnection confirmation
signal is not input based on the precondition (No in step S2). Therefore, the reclosing circuit 100 does not output the
reclosing signal 107. If the interconnection is not be attained as it is, the reclosing circuit 100 finally outputs the remaining-
phase interruption signal 109 to circuit breakers 4a provided in the phases other than the fault phase (step S9a). As a
result, circuit breakers 4a provided in the phases other than the fault phase are also opened.
[0067] According to this embodiment, the protection relay apparatus 1 determines whether the fault lasts or not before
the circuit breaker 4a is reclosed after an elapse of no-voltage confirmation time th from the time circuit breakers 4a, 4b
were opened due to occurrence of the fault. Therefore, the protection relay apparatus 1 is capable of suppressing the
circuit breaker from being reclosed while the fault lasts. Further, the protection relay apparatus 1 is capable of enhancing
the stability of the power system or reduce damages to the system instruments or the like.

(Second Embodiment)

[0068] FIG. 7 is a circuit diagram showing the sequence of a protection operation of a protection relay apparatus 1A
according to a second embodiment of the invention.
[0069] A protection relay apparatus 1A has the configuration in which a phase difference determination unit 111 is
additionally provided and the reclosing circuit 100 is replaced by a reclosing circuit 100A in the protection relay apparatus
1 according to the first embodiment shown in FIG. 2. The reclosing circuit 100A has the configuration in which the AND
gate 105 is replaced by an AND gate 105A and an AND gate 112 is additionally provided in the reclosing circuit 100
according to the first embodiment. The other portions are the same as those of the protection relay apparatus 1 according
to the first embodiment.
[0070] The phase difference determination unit 111 determines whether or not a phase difference between measured
voltage VL measured by the voltage transformer 3 and reference voltage Vk previously measured by the voltage trans-
former 3 at the sound time when circuit breakers 4a, 4b are opened is within previously set permissible ranges. When
determining that the phase difference is within the permissible range, the phase difference determination unit 111 outputs
a phase difference confirmation signal 117 to the AND gate 112 of the reclosing circuit 100A. In this case, it is supposed
that the phase of reference voltage Vk is obtained by continuously computing a phase of the power transmission line at
the sound time from the time prior to occurrence of a fault with a timer contained in the protection relay apparatus 1A.
[0071] The interrupted-phase voltage confirmation signal 103 output from an interrupted-phase voltage determination
unit 110 and the phase difference confirmation signal 117 output from the phase difference determination unit 111 are
input to the AND gate 112. When both of the interrupted-phase voltage confirmation signal 103 and the phase difference
confirmation signal 117 are input, the AND gate 112 outputs a signal to the AND gate 105A.
[0072] A signal from the AND gate 112 is input to the AND gate 105A instead of the interrupted-phase voltage con-
firmation signal 103 in the AND gate 105 according to the first embodiment. The other configuration is the same as the
AND gate 105 according to the first embodiment.
[0073] FIG. 8 is a flowchart showing the procedure of the protection operation of the protection relay apparatus 1A
according to the second embodiment.
[0074] The flowchart showing the procedure of the protection operation of the protection relay apparatus 1A is obtained
by replacing step S7a of determining an interrupted-phase voltage by step S7b in the flowchart according to the first
embodiment. The other procedure is the same as that of the flowchart according to the first embodiment.
[0075] The procedure of the protection operation of the protection relay apparatus 1A is the same as the first embod-
iment from step S1 to step S6a. However; it is supposed that the phase difference determination unit 111 acquires data
related to measured voltage VL and reference voltage Vk like the interrupted-phase voltage determination unit 110.
[0076] The phase difference determination unit 111 determines whether or not phase difference θ between measured
voltage VL and reference voltage Vk is within the previously set permissible range in addition to whether or not measured
voltage VL is within the previously set permissible range (0.9Vk < VL < 1.1Vk) (step S7b). If phase difference θ is less
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than or equal to previously set phase difference θk, it is determined that phase difference θ is within the permissible
range. The expression for determining the phase difference is (VL Λ Vk) ≤ θk. Where (VL Λ Vk) is phase difference θ
between measured voltage VL and reference voltage Vk.
[0077] When determining that measured voltage VL is within the permissible range, the interrupted-phase voltage
determination unit 110 outputs the interrupted-phase voltage confirmation signal 103 to the AND gate 112 of the reclosing
circuit 100A. Further, when determining that phase difference θ between measured voltage VL and reference voltage
Vk is within the permissible range, the phase difference determination unit 111 outputs the phase difference confirmation
signal 117 to the AND gate 112 of the reclosing circuit 100A.
[0078] At the time of step S7b, no-voltage confirmation time th has already elapsed from the time the fault interruption
signal 101 was input (Yes in step S1 and Yes in step S5a) and the interconnection is attained (Yes in step S2). Therefore,
when it is determined that measured voltage VL is within the permissible range and it is determined that phase difference
θ between measured voltage VL and reference voltage Vk is within the permissible range, the reclosing circuit 100A
outputs the reclosing signal 107 to the circuit breaker 4a provided in the fault phase (S8a). As a result, the circuit breaker
4a is reclosed.
[0079] On the other hand, when it is determined that measured voltage VL is not within the permissible range or it is
determined that phase difference θ between measured voltage VL and reference voltage Vk is not within the permissible
range, the reclosing circuit 100A does not output the reclosing signal 107 even if no-voltage confirmation time th has
elapsed from the time the fault interruption signal 101 was input and the interconnection confirmation signal 102 was
input. In this case, this is because the reclosing circuit 100A determines that the fault lasts. Therefore, the reclosing
circuit 100A determines whether or not the remaining-phase interruption signal 109 is to be output (step S9a). If the
reclosing condition is kept unsatisfied as it is, the reclosing circuit 100A finally outputs the remaining-phase interruption
signal 109 to circuit breakers 4a provided in the remaining phases other than the fault phase. As a result, circuit breakers
4a provided in the remaining phases are also opened.
[0080] According to this embodiment, the following operation and effect can be attained in addition to the operation
and effect of the first embodiment. Since the protection relay apparatus 1A determines whether the fault lasts or not also
based on phase difference θ between measured voltage VL and reference voltage Vk, the reliability of the result of
determination whether the fault lasts or not can be enhanced. As a result, the circuit breaker 4a can be further prevented
from being reclosed while the fault lasts.
[0081] The configuration in which determination whether or not measured voltage VL is within the permissible range
and determination whether or not phase difference θ between measured voltage VL and reference voltage Vk is within
the permissible range are separately made by the interrupted-phase voltage determination unit 110 and phase difference
determination unit 111, respectively, in step S7b is explained. Next, the configuration in which the above determinations
are simultaneously made in one portion is explained. In this case, the explanation is made on the assumption that the
above determinations are made by the interrupted-phase voltage determination unit 110.
[0082] FIG. 9 is a characteristic diagram showing the characteristic for determining an interrupted-phase voltage set
in the interrupted-phase voltage determination unit 110. Reference voltage vector Vk expresses reference voltage Vk
by use of a vector. Voltage vectors VL1, VL2 express voltages corresponding to measured voltage VL that will be
explained below by use of a vector.
[0083] The lengths of voltage vectors Vk, VL1, VL2 shown in FIG. 9 indicate voltages and the directions of arrows
indicate phases. Therefore, a difference in the length of given two voltage vectors expresses a voltage difference and
an angle made between given two voltage vectors expresses a phase difference.
[0084] An oblique-line portion indicates a region in which both of the voltage difference and phase difference between
measured voltage VL and reference voltage Vk are within the permissible ranges. If the front end of the voltage vector
used as measured voltage VL is contained in the oblique-line portion, it is indicated that both of the voltage and phase
of measured voltage VL are within the permissible ranges.
[0085] First, when measured voltage VL1 is viewed, the front end of the vector is contained in the oblique-line portion.
As a result, it is determined that the voltage difference and phase difference θL1 in measured voltage VL1 are within
the permissible ranges. Therefore, the interrupted-phase voltage determination unit 110 outputs signals corresponding
to the interrupted-phase voltage confirmation signal 103 and the phase difference confirmation signal 117.
[0086] On the other hand, when measured voltage VL2 is viewed, it is not contained in the oblique-line portion. As a
result, it is determined that at least one of the voltage difference and/or phase difference θL2 in measured voltage VL2
is not within the permissible range. In this case, if measured voltage VL2 is confirmed, the voltage difference is within
the permissible range, but phase difference θL2 is larger than phase difference θk used as a reference. Therefore, since
measured voltage VL2 is not within the permissible range, the interrupted-phase voltage determination unit 110 outputs
no signal.
[0087] Thus, whether or not the voltage and phase of measured voltage VL are within the permissible ranges can be
simultaneously determined by setting data such as the characteristic diagram shown in FIG. 9 in the reclosing circuit 100A.
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(Third Embodiment)

[0088] FIG. 10 is a configuration diagram of a power system 20B in which a protection relay apparatus 1B according
to a third embodiment of the invention is provided.
[0089] The power system 20B is obtained by replacing the protection relay apparatus 1 by a protection relay apparatus
1B, setting a protection relay apparatus 1Bb on the opposite end side and providing voltage transformer 3b in each
phase on the opposite end side in the power system 20 according to the first embodiment shown in FIG. 1. The other
portions are the same as those of the power system 20 of the first embodiment.
[0090] Voltage transformers 3b are instruments equivalent to the voltage transformers 3 provided on its own end side.
Voltage transformers 3b detect a voltage of each phase of a power transmission line of the power system 20 on the
opposite end side.
[0091] The protection relay apparatus 1Bb is a apparatus equivalent to the protection relay apparatus 1B provided on
its own end side. The protection relay apparatus 1Bb measures a voltage of each phase of the power transmission line
of the power system 20B on the opposite end side based on voltages detected by voltage transformers 3b. The protection
relay apparatus 1Bb transmits measured voltages VLb to the protection relay apparatus 1B via a transmission line.
[0092] FIG. 11 is a circuit diagram showing the sequence of a protection operation of the protection relay apparatus
1B according to the third embodiment.
[0093] The protection relay apparatus 1B has the configuration in which an opposite-end interrupted-phase voltage
determination unit 113 and voltage data reception circuit 121 are additionally provided and the reclosing circuit 100A is
replaced by a reclosing circuit 100B in the protection relay apparatus 1A according to the second embodiment shown
in FIG. 7. The reclosing circuit 100B has the configuration in which the AND gate 105A is replaced by an AND gate 105B
and the AND gate 112 is replaced by an AND gate 114 in the reclosing circuit 100A according to the second embodiment.
The other portions are the as those of the protection relay apparatus 1A according to the second embodiment.
[0094] The voltage data reception circuit 121 receives measured voltages VLb obtained by measuring voltages detected
by voltage transformers 3b from the protection relay apparatus 1Bb. The voltage data reception circuit 121 outputs
received measured voltages VLb to the opposite-end interrupted-phase voltage determination unit 113.
[0095] The opposite-end interrupted-phase voltage determination unit 113 has the same configuration as the inter-
rupted-phase voltage determination unit 110 except that measured voltage VLb of an interrupted phase on the opposite
end side is determined. The opposite-end interrupted-phase voltage determination unit 113 determines whether or not
measured voltage VLb of the interrupted phase on the opposite end side is within a permissible range based on reference
voltage Vkb previously measured by voltage transformer 3b at the sound time when circuit breakers 4a, 4b are opened.
When determining that measured voltage VLb is within the permissible range, the opposite-end interrupted-phase voltage
determination unit 113 outputs an opposite-end interrupted-phase voltage confirmation signal 118 to the AND gate 114
of the reclosing circuit 100B.
[0096] The interrupted-phase voltage confirmation signal 103 output from the interrupted-phase voltage determination
unit 110 and the opposite-end interrupted-phase voltage confirmation signal 118 output from the opposite-end interrupted-
phase voltage determination unit 113 are input to the AND gate 114. When both of the interrupted-phase voltage
confirmation signal 103 and the opposite-end interrupted-phase voltage confirmation signal 118 are input, the AND gate
114 outputs a signal to the AND gate 105B.
[0097] A signal from the AND gate 114 is input to the AND gate 105B instead of the interrupted-phase voltage con-
firmation signal 103 in the AND gate 105 according to the first embodiment. The other configuration is the same as the
AND gate 105 according to the first embodiment.
[0098] FIG. 12 is a flowchart showing the procedure of the protection operation of the protection relay apparatus 1B
according to the third embodiment.
[0099] The flowchart showing the procedure of the protection operation of the protection relay apparatus 1B has the
configuration in which step S4a of acquiring a reference voltage is replaced by step S4b, step S6a of measuring a voltage
of a fault phase is replaced by step S6b and step S7c of determining an opposite-end interrupted-phase voltage is
additionally provided between step S7a and step S8a in the flowchart according to the first embodiment. The other
procedure is the same as the flowchart according to the first embodiment.
[0100] The procedure of the protection operation of the protection relay apparatus 1B is the same as the first embod-
iment from step S1 to step S3.
[0101] The interrupted-phase voltage determination unit 110 acquires reference voltage Vk of a fault phase selected
on its own end side. Further, the opposite-end interrupted-phase voltage determination unit 113 acquires reference
voltage Vkb of the fault phase selected on the opposite end side (step S4b).
[0102] The interrupted-phase voltage determination unit 110 measures voltage VL of the fault phase on its own end
side after an elapse of no-voltage confirmation time th after the fault interruption signal 101 was input. The opposite-end
interrupted-phase voltage determination unit 113 acquires voltage VLb of the fault phase on the opposite end side
measured after an elapse of no-voltage confirmation time th from the time the fault interruption signal 101 was input
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(Yes in step S5a, step S6b).
[0103] The interrupted-phase voltage determination unit 110 determines whether or not measured voltage VL of the
fault phase on its own end side is within the previously set permissible range (0.9Vk < VL < 1.1Vk) (step S7a).
[0104] The reclosing circuit 100B determines whether or not the remaining-phase interruption signal 109 is to be output
(step S9a) when the interrupted-phase voltage determination unit 110 determines that measured voltage VL is not within
the permissible range (No in step S7a). The reclosing circuit 100B makes determination by use of the opposite-end
interrupted-phase voltage determination unit 113 (step S7c) when the interrupted-phase voltage determination unit 110
determines that measured voltage VL is within the permissible range (Yes in step S7a).
[0105] The opposite-end interrupted-phase voltage determination unit 113 determines whether or not acquired voltage
VLb of the fault phase on the opposite end side is within a previously set permissible range (0.9Vkb < VL < 1.1Vkb)
(step S7c).
[0106] When the opposite-end interrupted-phase voltage determination unit 113 determines that measured voltage
VLb is not within the permissible range (the fault lasts) (No in step S7c), the reclosing circuit 100B determines whether
or not the remaining-phase interruption signal 109 is to be output (step S9a). On the other hand, the reclosing circuit
100B outputs the reclosing signal 107 (step S8a) when the opposite-end interrupted-phase voltage determination unit
113 determines that measured voltage VLb is within the permissible range (the fault is recovered) (Yes in step S7c).
[0107] That is, the reclosing circuit 100B recloses the circuit breaker 4a provided in the fault phase when the opposite-
end interrupted-phase voltage confirmation signal 118 output when it is determined by the opposite-end interrupted-
phase voltage determination unit 113 that measured voltage VLb is within the permissible range is input in addition to
the interconnection confirmation signal 102 and the interrupted-phase voltage confirmation signal 103.
[0108] According to this embodiment, the following operation and effect can be attained in addition to the operation
and effect of the first embodiment. Since the protection relay apparatus 1B determines whether or not the fault lasts
based on measured voltage VLb on the opposite end side in addition to measured voltage VL on its own end side, the
reliability of the result of determination whether or not the fault lasts can be enhanced. As a result, the circuit breaker
4a can be further prevented from being reclosed while the fault lasts.
[0109] Further, in this embodiment, the measured voltage detected by voltage transformer 3b provided on the opposite
end is received via the transmission line and the operation process for protection (the operation process or the like on
the opposite-end interrupted-phase voltage determination unit 113) is performed by the protection relay apparatus 1B
on its own end side, but the configuration is not limited to this case. The protection relay apparatus 1B may receive a
processing result subjected to the operation process for protection on the protection relay apparatus 1Bb on the opposite
end side. For example, the protection relay apparatus 1B may receive a reclosing signal or a remaining-phase interruption
signal computed by the protection relay apparatus 1Bb on the opposite end side and use the signals as a condition of
opening or closing the circuit breaker 4a.

(Fourth Embodiment)

[0110] FIG. 13 is a circuit diagram showing the sequence of a protection operation of a protection relay apparatus 1C
according to a fourth embodiment of the invention.
[0111] The protection relay apparatus 1C has the configuration in which the reclosing circuit 100 is replaced by a
reclosing circuit 100C in the protection relay apparatus 1 according to the first embodiment shown in FIG. 2. The reclosing
circuit 100C has the configuration in which a timer 115 and AND gate 116 are added to the reclosing circuit 100 according
to the first embodiment to output a low-speed reclosing signal 119. The other portions are the same as those of the
protection relay apparatus 1 according to the first embodiment.
[0112] A signal (a signal equivalent to the remaining-phase interruption signal 109) from an AND gate 108 is input to
the timer 115. No-voltage confirmation time th that is the same as the timer 104 is set in the timer 115. In this case, no-
voltage confirmation time th set in the timer 115 may be a time different from the timer 104. The timer 115 outputs a
signal to the AND gate 116 after an elapse of no-voltage confirmation time th from the time a signal from the AND gate
108 was input.
[0113] A signal from the timer 115, the interconnection confirmation signal 102 and the interrupted-phase voltage
confirmation signal 103 are input to the AND gate 116. When all of the signal from the timer 115, the interconnection
confirmation signal 102 and the interrupted-phase voltage confirmation signal 103 are input, the AND gate 116 outputs
the low-speed reclosing signal 119.
[0114] FIG. 14 is a flowchart showing the procedure of the protection operation of the protection relay apparatus 1C
according to the fourth embodiment.
[0115] The flowchart showing the procedure of the protection operation of the protection relay apparatus 1B has the
configuration in which step S9b, step S5b, step S6c, step S7d and step S8b are added in the flowchart according to the
first embodiment shown in FIG. 6. In this case, step S5b, step S6c, step S7d and step S8b are steps respectively
equivalent to step S5a, step S6a, step S7a and step S8a. The other procedure is the same as that of the flowchart
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according to the first embodiment. In this case, steps S9b, S5b, S6c, S7d, S8b newly added in the flowchart according
to the first embodiment are mainly explained, it is considered that the other steps are the same as those of the first
embodiment and the explanation is omitted.
[0116] The reclosing circuit 100C determines whether or not the remaining-phase interruption signal 109 is to be output
(step S9b) when it is determined by the interrupted-phase voltage determination unit 110 that measured voltage VL is
not within the permissible range (No in step S7a).
[0117] After determining whether or not the remaining-phase interruption signal 109 is to be output (step S9b), the
interrupted-phase voltage determination unit 110 acquires measured voltage VL of the fault phase again by use of the
voltage transformer 3 (step S6c) after an elapse of no-voltage confirmation time th from the time a signal from the AND
gate 108 was input (Yes in step S5b). The interrupted-phase voltage determination unit 110 determines whether or not
re-acquired measured voltage VL is within the previously set permissible range (step S7d).
[0118] The reclosing circuit 100C terminates the operation process when re-acquired measured voltage VL of the fault
phase is not within the permissible range (No in step S7d). That is, the reclosing circuit 100C does not reclose it and
the circuit breaker 4a is kept in an open state. On the other hand, the reclosing circuit 100C outputs the low-speed
reclosing signal 119 (step S8b) when it is determined that re-acquired measured voltage VL of the fault phase is within
the permissible range. As a result, the circuit breaker 4a is reclosed.
[0119] That is, after determining whether or not the remaining-phase interruption signal 109 is to be output (step S9b),
the reclosing circuit 100C determines again whether the fault lasts or not. In this case, if it is determined that the fault
does not last (the fault is recovered), reclosing (low-speed reclosing) of the circuit breaker 4a is performed.
[0120] According to this embodiment, the following operation and effect can be attained in addition to the operation
and effect of the first embodiment.
[0121] If it is determined that the fault lasts by use of measured voltage VL after an elapse of no-voltage confirmation
time th from the time fault interruption occurred, the protection relay apparatus 1C determines again whether the fault
lasts or not by use of measured voltage VL acquired after an elapse of no-voltage confirmation time th. As a result, since
the opportunity of reclosing the circuit breaker 4a can be increased, the opportunity of solving power failure can be
increased.
[0122] In each embodiment, the power transmission line protection relay apparatus that protects the power transmission
line is explained, but this is not limitative. It may be applied as a bus protection relay apparatus that protects a bus or a
transformer protection relay apparatus that protects a transformer or the like.
[0123] Further, in each embodiment, the circuit breakers 4a, 4b may not be provided between the current transformers
provided on both ends of a line (such as a bus, power transmission line, distribution line or the like).
[0124] Moreover, in each embodiment, the protection relay apparatus 1 or the like is explained to mainly perform an
opening or closing operation for the circuit breakers 4a on its own end side, but like the circuit breakers 4a on its own
end side, the circuit breakers 4b on the opposite end side may be subjected to an opening or closing operation by the
protection relay apparatus 1 or the like.
[0125] Further, in each embodiment, whether reclosing is performed or not is determined based on measured voltage
VL measured by the voltage transformer 3 after a delay time due to the timer 104 in which no-voltage confirmation time
th longer than a de-ionization time is set, but this is not limitative. For example, the reclosing circuit 100 or the like may
output the reclosing signal 107 when measured voltage VL is measured on the real-time basis and measured voltage
VL comes into the previously set permissible range.
[0126] Further, in the second embodiment, it is explained with the first embodiment used as the basic configuration,
but it may be explained with the third embodiment or fourth embodiment used as the basic configuration. In the fourth
embodiment, like the phase of measured voltage VL on its own end side, the phase of measured voltage VLb on the
opposite end side may be used for determining whether the fault is recovered or not.
[0127] Additionally, in the second embodiment, it is supposed that the phase of reference voltage Vk is obtained by
continuously calculating the phase of the power transmission line at the sound time from the time prior to occurrence of
the fault with the timer contained in the protection relay apparatus 1A, but this is not limitative. As the phase of reference
voltage Vk, a phase of a bus or the phases (remaining phase) other than the fault phase may be used. In this case,
since the phases can be measured on the real-time basis, it becomes unnecessary to continuously perform an operation
process for the phase from the time prior to occurrence of the fault in the protection relay apparatus 1A.
[0128] Further, in the fourth embodiment, closing caused by low-speed reclosing is explained only for the circuit breaker
4a of the fault phase, but the circuit breakers 4a of the remaining phases other than the fault phase opened by the
remaining-phase interruption signal 109 may be closed. Further, whether the fault lasts or not is determined by use of
measured voltage VL of the fault phase to perform closing caused by low-speed reclosing, but measured voltages of
the two phases (remaining phases) other than the fault phase may be used.
[0129] While certain embodiments have been described, these embodiments have been presented by way of example
only, and are not intended to limit the scope of the invention. Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the form of the
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embodiments described herein may be made without departing from the scope of the invention. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would fall within the scope of the
invention.

Claims

1. A protection relay apparatus (1) that is adapted to protect lines of a three-phase alternating current power system
(20), the protection relay apparatus comprising:

fault detection means for detecting a fault of one of the lines, opening means for opening a circuit breaker (4a,
4b) of a fault phase in which the fault has occurred through detection of the fault by the fault detection means,
fault phase voltage measurement means for measuring a voltage of the fault phase after the circuit breaker (4a,
4b) is opened by the opening means,
fault recovery determination means (110) for determining whether the fault is recovered or not based on the
voltage measured by the fault phase voltage measurement means, and
closing means (100) for closing the circuit breaker (4a, 4b) when the fault recovery determination means de-
termines that the fault is recovered,
characterized in that
the fault recovery determination means (110) is adapted to determine that the fault is recovered when the voltage
measured by the fault phase voltage measurement means is within a previously set permissible range, and is
adapted to determine that the fault is not recovered when the voltage measured by the fault phase voltage
measurement means is not within the previously set permissible range, after an elapse of a no-voltage confir-
mation time after the circuit breakers (4a, 4b) was opened by the opening means, and
the no-voltage confirmation time is a time that is longer than a time to a time point at which it is predicted that
a measured voltage of the fault phase becomes constant in a portion near a reference voltage immediately after
completion of interruption of the fault phase.

2. The protection relay apparatus (1) according to claim 1, wherein the fault recovery determination means (110) is
adapted to determine that the fault is recovered when a phase difference between a phase of the voltage measured
by the fault phase voltage measurement means and a phase of a voltage of the fault phase at a sound time is smaller
than a preset phase difference after the elapse of the preset time after the circuit breaker (4a, 4b) was opened by
the opening means.

3. The protection relay apparatus (1) according to claim 1 or 2, further comprising
opposite-side voltage measurement means for measuring an opposite-side voltage that is a voltage of a portion
opposing a measurement portion of the line by use of the fault phase voltage measurement means, and
wherein the fault recovery determination means (110) is adapted to determine whether the fault is recovered or not
based on the opposite-side voltage measured by the opposite-side voltage measurement means.

4. The protection relay apparatus (1) according to any one of claims 1 to 3, further comprising remaining-phase opening
means for opening the circuit breaker (4a, 4b) of a phase other than the fault phase when it is determined by the
fault recovery determination means (110) that the fault is not recovered.

5. The protection relay apparatus (1) according to any one of claims 1 to 4, further comprising
fault recovery re-determination means for re-determining whether the fault is recovered or not after an elapse of a
preset time when it is determined by the fault recovery determination means (110) that the fault is not recovered, and
low-speed closing means for closing the circuit breaker (4a, 4b) of the fault phase when it is determined by the fault
recovery re-determination means that the fault is recovered.

Patentansprüche

1. Schutzrelaisvorrichtung (1), die angepasst ist, um Leitungen eines Dreiphasen-Wechselstromsystems (20) zu schüt-
zen, wobei die Schutzrelaisvorrichtung aufweist:

eine Fehlererfassungseinrichtung zum Erfassen eines Fehlers von einer der Leitungen,
eine Öffnungseinrichtung zum Öffnen eines Schutzschalters (4a, 4b) einer Fehlerphase, in welcher der Fehler
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aufgetreten ist, durch Erfassung des Fehlers durch die Fehlererfassungseinrichtung,
eine Fehlerphasenspannungs-Messeinrichtung zum Messen einer Spannung der Fehlerphase, nachdem der
Schutzschalter (4a, 4b) durch die Öffnungseinrichtung geöffnet worden ist,
eine Fehlerbeseitigungs-Bestimmungseinrichtung (110) zum Bestimmen, ob der Fehler beseitigt ist oder nicht,
basierend auf der durch die Fehlerphasenspannungs-Messeinrichtung gemessenen Spannung, und
eine Schließeinrichtung (100) zum Schließen des Schutzschalters (4a, 4b), wenn die Fehlerbeseitigungs-Be-
stimmungseinrichtung bestimmt, dass der Fehler beseitigt ist,
dadurch gekennzeichnet, dass
die Fehlerbeseitigungs-Bestimmungseinrichtung (110) angepasst ist, um zu bestimmen, dass der Fehler be-
seitigt ist, wenn die durch die Fehlerphasenspannungs-Messeinrichtung gemessene Spannung innerhalb eines
vorher eingestellten zulässigen Bereichs liegt, und angepasst ist, um zu bestimmen, dass der Fehler nicht
beseitigt ist, wenn die durch die Fehlerphasenspannungs-Messeinrichtung gemessene Spannung nicht inner-
halb des vorher eingestellten zulässigen Bereichs liegt, nach einem Ablauf einer Nullspannungs-Bestätigungs-
zeit, nachdem der Schutzschalter (4a, 4b) durch die Öffnungseinrichtung geöffnet worden ist, und
die Nullspannungs-Bestätigungszeit eine Zeit ist, die länger als eine Zeit zu einem Zeitpunkt ist, zu welchem
vorhergesagt wird, dass eine gemessene Spannung der Fehlerphase in einem Bereich in der Nähe einer Be-
zugsspannung konstant wird, unmittelbar nach Beendigung einer Unterbrechung der Fehlerphase.

2. Schutzrelaisvorrichtung (1) nach Anspruch 1, wobei die Fehlerbeseitigungs-Bestimmungseinrichtung (110) ange-
passt ist, um zu bestimmen, dass der Fehler beseitigt ist, wenn eine Phasendifferenz zwischen einer durch die
Fehlerphasen-Spannungsmesseinrichtung gemessenen Phase der Spannung und einer Phase einer Spannung
der Fehlerphase zu einer Schallzeit kleiner als eine voreingestellte Phasendifferenz ist, nach dem Ablauf der vor-
eingestellten Zeit, nachdem der Schutzschalter (4a, 4b) durch die Öffnungseinrichtung geöffnet worden ist.

3. Schutzrelaisvorrichtung (1) nach Anspruch 1 oder 2, ferner aufweisend:

eine Gegenseitenspannungs-Messeinrichtung zum Messen einer Gegenseitenspannung, die eine Spannung
eines Abschnitts ist, der einem Messabschnitt der Leitung gegenüber liegt, unter Verwendung der Fehlerpha-
senspannungs-Messeinrichtung, und
wobei die Fehlerbeseitigungs-Bestimmungseinrichtung (110) angepasst ist, um zu bestimmen, ob der Fehler
beseitigt ist oder nicht, basierend auf der durch die Gegenseitenspannungs-Messeinrichtung gemessenen Ge-
genseitenspannung.

4. Schutzrelaisvorrichtung (1) nach einem der Ansprüche 1 bis 3, ferner mit einer Verbleibende-Phase-Öffnungsein-
richtung zum Öffnen des Schutzschalters (4a, 4b) einer von der Fehlerphase verschiedenen Phase, wenn durch
die Fehlerbeseitigungs-Bestimmungseinrichtung (110) bestimmt wird, dass der Fehler nicht beseitigt ist.

5. Schutzrelaisvorrichtung (1) nach einem der Ansprüche 1 bis 4, ferner aufweisend:

eine Fehlerbeseitigungs-Wiederbestimmungseinrichtung zum erneuten Bestimmen, ob der Fehler beseitigt ist
oder nicht, nach einem Ablauf einer voreingestellten Zeit, wenn durch die Fehlerbeseitigungs-Bestimmungs-
einrichtung (110) bestimmt wird, dass der Fehler·nicht beseitigt ist, und
eine Niedriggeschwindigkeits-Schließeinrichtung zum Schließen des Schutzschalters (4a, 4b) der Fehlerphase,
wenn durch die Fehlerbeseitigungs-Wiederbestimmungseinrichtung bestimmt wird, dass der Fehler beseitigt ist.

Revendications

1. Dispositif relais de protection (1) adapté à protéger les lignes d’un système d’alimentation en courant alternatif
triphasé (20), le dispositif relais de protection comprenant :

un moyen de détection de défaillance pour détecter une défaillance d’une des lignes,
un moyen d’ouverture pour ouvrir un disjoncteur de circuit (4a, 4b) d’une phase en défaillance dans laquelle la
défaillance s’est produite, par détection de la défaillance par le moyen de détection de défaillance,
un moyen de mesure de tension de phase en défaillance pour mesurer la tension de la phase en défaillance
après que le moyen d’ouverture a ouvert le disjoncteur de circuit (4a, 4b),
un moyen de détermination de reprise après défaillance (110) pour déterminer si la défaillance est rattrapée
ou non en se basant sur la tension mesurée par le moyen de mesure de tension de phase en défaillance, et



EP 2 595 264 B1

14

5

10

15

20

25

30

35

40

45

50

55

un moyen de fermeture (100) pour fermer le disjoncteur de circuit (4a, 4b) lorsque le moyen de détermination
de reprise après défaillance détermine que la défaillance est rattrapée,
caractérisé en ce que
le moyen de détermination de reprise après défaillance (110) est adapté à déterminer que la défaillance est
rattrapée lorsque la tension mesurée par le moyen de mesure de tension de phase en défaillance se trouve
dans une plage admissible fixée précédemment, et est adapté à déterminer que la défaillance n’est pas rattrapée
lorsque la tension mesurée par le moyen de mesure de tension de phase en défaillance ne se trouve pas dans
la plage admissible fixée précédemment, après écoulement d’un temps de confirmation d’absence de tension
après que le disjoncteur de circuit (4a, 4b) a été ouvert par le moyen d’ouverture, et
le temps de confirmation d’absence de tension est un temps qui est plus long que le temps allant jusqu’à l’instant
auquel il est prédit que la tension mesurée de la phase en défaillance devient constante dans une partie proche
d’une phase de référence juste après la fin de l’interruption de la phase en défaillance.

2. Dispositif relais de protection (1) selon la revendication 1, dans lequel le moyen de détermination de reprise après
défaillance (110) est adapté à déterminer que la défaillance est rattrapée lorsque la différence de phase entre la
phase de la tension mesurée par le moyen de mesure de tension de phase en défaillance et la phase de la tension
de la phase en défaillance à un temps acoustique est inférieure à une différence de phase fixée à l’avance après
écoulement du temps fixé à l’avance après que le moyen d’ouverture a ouvert le disjoncteur de circuit (4a, 4b).

3. Dispositif relais de protection (1) selon la revendication 1 ou 2, comprenant en outre
un moyen de mesure de tension côté opposé pour mesurer la tension du côté opposé qui est la tension d’une partie
opposée à la partie de mesure de la ligne en utilisant le moyen de mesure de tension de phase en défaillance, et
dans lequel le moyen de détermination de reprise après défaillance (110) est adapté à déterminer si la défaillance
est rattrapée ou non en se basant sur la tension côté opposée mesurée par le moyen de mesure de tension côté
opposée.

4. Dispositif relais de protection (1) selon l’une quelconque des revendications 1 à 3, comprenant en outre un moyen
d’ouverture de phase restante pour ouvrir le disjoncteur de circuit (4a, 4b) d’une phase différente de la phase en
défaillance lorsque le moyen de détermination de reprise après défaillance (110) détermine que la défaillance n’est
pas rattrapée.

5. Dispositif relais de protection (1) selon l’une quelconque des revendications 1 à 4, comprenant en outre
un moyen de nouvelle détermination de reprise après défaillance pour déterminer à nouveau si la défaillance est
rattrapée ou non après écoulement d’un temps fixé à l’avance lorsque le moyen de détermination de reprise après
défaillance (110) détermine que la défaillance n’est pas rattrapée, et
un moyen de fermeture à basse vitesse pour fermer le disjoncteur de circuit (4a, 4b) de la phase en défaillance
lorsque le moyen de nouvelle détermination de reprise après défaillance détermine que la défaillance est rattrapée.
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