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FIG. 3
SET VALUE LOAD TO
Hz TIME Sec | oe spED 9%
48. 5 0.5 4
1.0 4
L1a 2.0 4
L1b 3.0 4
L1ec 4.0 4
L1d
5.0 4
6.0 4
7.0 4
0.2 8
48. 0
Loa 0.5 8
L2b 1.0 4
L2¢
L2d 2.0 4
3.0 . 4
4.0 4
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FIG. 4

A TRANSFORMER | A1 L1a(0. 5).L2a(0. 2)
STATION

A2 L1a(2. 0).L2a(0. 5)

A3 L1a(4. 0).L2a(1. 0)

A4 L1a(6. 0),.L2a(3. 0)

B TRANSFORMER | B1 L1b(0. 5).L2b(0. 2)
STATION :

B2 L1b(2. 0).L2b(0. 5)

B3 L1b(4. 0).L2b(1. 0)

B4 L1b(6. 0).L2b(3. 0)

C TRANSFORMER | C1 L1c(1. 0).L2c(0. 2)
STATION

c2 L1c(3. 0).L2c(0. 5)

C3 L1c(5. 0).L2c(2. 0)

c4 L1c(7. 0).L2c(4. 0)

D TRANSFORMER | D1 L1d(1. 0).L2d(0. 2)
STATION

D2 L1d(3. 0).L2d(0. 5)

D3 L1d(5. 0), L2d(2. 0)

D4 L1d(7. 0).L2d(4. O)
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FIG. 7
SET VALUE umrr | PETECTION SIGNAL FOR | ) 5 1
H VALUE Sec| RATE OF CHANGE OF 1pr oy o
z FREQUENCY °
48. 8 5 0 | Mla(2.0),M1b(2. 0) 8
l M1c(2. 0).M1d(2. 0)
Ma 48. O
o |M1a(1.0) M1b(1.0)
Mb 1. M1c(1. 0). M1d(1. 0) 16
Mo o5 |M1a(0.8) . M1b(0. 5) -
Md : M1c(0. 5). M1d(0. 5)
M1a(0. 4) . M1b(0. 4)
0.4
M1c(0. 4). M1d(0. 4)| 32
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FIG. 8
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A TRANSFORMER
STATION

Al

L1a(0. 5}, L2a(0. 2)

Ma (0. 4) Ma(0. 5}, Ma(1.

0).Ma(2. 0)

A2

L1a(2. 0).L2a(0. 5)

Ma(0. 4). Ma(0. 5) Ma(1.

0)

A3

L1a(4. 0),L2a(1.0)
Ma (0. 4).Ma(0. 5)

A4

Lta(6. 0), L2a(3. 0)
Ma(0. 4)

B TRANSFORMER
STATION

B1

L1b(0. 5).L2b(0. 2)

Mb (0. 4). Mb(0. 5) . Mb(1.

0). Mb(2. 0)

B2

L1b(2. 0).L2b(0. 5)

Mb (0. 4). Mb(0. 5), Mb(1.

0)

B3

L1b(4. 0).L2b(1. 0)
Mb(0. 4). Mb(O. 5)

B4

L1b(6. 0).L2b(3. 0)
Mb(0. 4)

C TRANSFORMER
STATION

C1

L1c(1. 0).L2c(0. 2)

Mc(0. 4). Mc(0. 5). Mc(1.

0).Mc(2. 0)

Cc2

L1c(3. 0).L2c(0.°5)

Mc(0. 4) . Mc(0. 5) Mc(1.

0)

C3

L1c(5. 0).L2¢c(2. 0)
Mc(0. 4) . Mc(0. 5)

Ca

L1c(7. 0).L2c(4. 0)
Mc (0. 4)

D TRANSFORMER
STATION

D1

L1d(1. 0),L2d(0. 2)

Md (0. 4), Md(0. 5), Md (1.

0).Md(2. 0)

D2

L1d(3. 0).L2d(0. 5)

Md(0. 4). Md (0. 5). Md(1.

0)

D3

L1d(5. 0),L2d(2. 0)
Md(0. 4). Md(0. 5)

D4

L1d(7. 0).L2d(4. 0)
Md(0. 4)
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FIG. 9
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FIG. 11

LIMIT LIMIT DE;ET%T(')(;NCE{'Z?Q'E‘ ggR LOAD TO BE
0,
VALUE Hz | VALUE Sec FREQUENGY SHED %
M1a(2. 0).M1b(2. 0) 8
48. 8 2.0 M1c(2. 0).M1d(2. 0)
!
M1a M1a(1.6) . M1b(1. 6)
1.6 .
48.5 Mic(1.6).M1d(1. 6) 10
M1b '
M1 M1c(1. 2).M1d(1. 2)
M1c(0. 9).M1d(0. 9)
M1a(0. ). M1b(0. 6)
06 .| M1c(0. 6).M1d(0. 6) 16
0.5 M1a(0. 5). M1b(0. 5) .
M1c(0. 5) . M1d (0. 5)
- M2a(1. 3).M2b(1. 3) 4
!
- M2c(0. 9). M2d(0. 9)
M2b
0.6 M2a(0. 6). M2b(0. 6) g
M2c M2c (0. 6). M2d(0. 6)
M2d o s M2a(0. 5). M2b(0. 5) 10
' M2c (0. 5). M2d(0. 5)
M2a(0. 4) . M2b(0. 4)
0. 4 M2c(0. 4) . M2d(0. 4) 12
M2a(0. 3). M2b(0. 3)
0.3 M2¢c(0. 3).M2d(0. 3) 14

12
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FIG. 12

L1a(0. B).L2a(0. 2)

A1 [M1a(2. 0).M1a(1. 6).M1a(1. 2), M1a(0. 9).M1a(0. 6),
M1a(0. 5)

Li1a(2. 0).L2a(0. 5)

A2 \M1a(1. 8).M1a(1. 2). M1a(0. 9). M1a(0. 8). M1a(0. 5)
A TRANSFORMER Ag |L1a(4. 0). L2a(1.70)
STATION M1a(0. 5)

L1a(6. 0).L2a(3. 0)
Ad IM2a(1. 3).M2a(0. 9) . M2a(0. 6). M2a(0. 5) . M2a(0. 4).
M2a(0. 3) '

L1b(0. 5).L2b(0. 2)
B1 IM1b(2. 0).M1b(1. 6) . M1b(1. 2) M1b(0. 9) . M1b(0. 6),

B TRANSFORMER M1b(0. 5)
STATION L1b(2. 0).L2b(0. 5)
B2 M1b(1. 2).M1b(0. 9) . M1b(0. 6). M1b(0. 5)

L1ib(4.0).L2b(1. O)

B3 [M2b(1. 3).M2b(0. 9). M2b(0. 6). M2b(0. 5). M2b(0. 4).
M2b(0. 3) A

LI1b(6. 0).L2b(3. 0)

M2b(0. 5), M2b(0. 4), M2b(0. 3)

- JL1e(1. 0). L2c(0. 2)

C1 (M1c(2. 0) . M1c(1. 6).M1c(1. 2). M1c(0. 9) . M1c(0. 6).

C TRANSFORMER M1c(0. 5)
STATION L1c(3. 0).L2c(0. 5)

C2 |M1c(0. 9).M1¢c(0. 6). M1c(0. 5)

L1c(5. 0).L2c(2. O)

M2c(0. 9). M2c(0. 6) . M2c(0. 5). M2¢(0. 4) . M2c(0. 3)
L1c(7. 0). L2c(4. O)

C4 IM2c(0. 4) . M2c(0. 3)

L1d(1. 0).L2d(0. 2)

D1 | M1d(2. 0).M1d(1. 6). M1d(1. 2). M1d(0. 9). M1d(0. 6).
M1d(0. 5)

L1d(3. 0). L2d(0. 5)

M1d(0. 6).M1d(0. 5)

L1d(5. 0). L2d(2. 0)

M2d(0. 6). M2d(0. 5). M2d(0. 4). M2d(0. 3)

L1d(7. 0). L2d(1. 0)

M2d(0. 3)

B4

C3

D TRANSFORMER
STATION

D2

D3

D4

13
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UNDERFREQUENCY LOAD SHEDDING
PROTECTION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to an underfrequency
load shedding protection system for stably managing a
power system by recovering a power system frequency to
within a predetermined range when the power system fre-
quency drops.

BACKGROUND ART

[0002] In general, a plurality of generators is connected to
a power system and power generated by a generator is
supplied to a load via a power transmission line. The power
system voltage is managed so as to fall within a predeter-
mined range depending on each of the voltage classes of the
power transmission line and the power system frequency is
also managed so as to fall within a predetermined range. A
generator connected to the power system is operated in
synchronization with the power system frequency so that the
terminal voltage becomes a predetermined voltage.

[0003] In such a power system, when loads increase or
decrease, the power system voltage and the power system
frequency change, therefore, the power system voltage and
the power system frequency are regulated so as to fall within
a predetermined range by increasing or decreasing the
output power of the generator. When it is not possible to
maintain the power system frequency within a predeter-
mined range only by regulating the output power of the
generator, for example, when the power system frequency
drops considerably, part of loads determined in advance are
shed and conversely, when the power system frequency
increases considerably, the generator is paralleled off the
power system to maintain the entire power system frequency
within a predetermined range.

[0004] Here, load shedding at the time of drop of the
power system frequency is performed in such a way as
follows: limit values for a plurality of levels are set in
advance and when the power system frequency drops below
the limit value of a first level, part of loads determined in
advance are shed and if the power system frequency further
drops, sequentially further part of loads are additionally shed
each time the power system frequency drops below the limit
value of each level.

[0005] However, there may be a case where the power
system frequency does not recover to within a predeter-
mined allowable range even if loads are shed sequentially.
This occurs when the amount of load to be shed does not
coincide with the amount of power generation in short
supply for the entire power system. When a power system is
cut off from a linkage and becomes an isolated power
system, such a phenomenon is likely to occur in the power
system of the isolated power system. For example, it is
assumed that in a power system the predetermined power
system frequency of which is 50 Hz, the limit value of the
first level is 48.8 Hz, the limit value of the second level is
48.5 Hz, and the limit value of the third level is 48.0 Hz, and
10% of the entire load of the power system is shed each time
each level is reached. In this case, each time the power
system frequency drops below the respective limit values
48.8 Hz, 48.5 Hz, and 48.0 Hz of the respective levels, 10%
of the load is shed sequentially.

15
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[0006] For example, when the amount of generated power
in short supply in the entire power system is 27% of the
entire load and the power system frequency drops below the
limit value of the second level but remains over the limit
value of the third level, further load shedding is not per-
formed in a state that 20% of the load is shed, and therefore
7% of the load is still connected in excess. Because of this,
there may be a case where the power system frequency does
not recover to 50 Hz, which is the predetermined power
system frequency.

[0007] An object of the present invention is to provide an
underfrequency load shedding protection system capable of
recovering the power system frequency into a predetermined
range by shedding loads in accordance with the recovery
degree of the power system frequency when the power
system frequency drops resulting from power generation
shortage.

DISCLOSURE OF THE INVENTION

[0008] An underfrequency load shedding protection sys-
tem of the present invention is one for stably managing a
power system by recovering the power system frequency to
within a predetermined range when the power system fre-
quency drops, characterized by comprising an underfre-
quency level detection unit for judging an underfrequency
level of the power system frequency when the power system
frequency drops resulting from power generation shortage in
the power system and a load shedding unit for sequentially
shedding loads determined in advance based on a staying
time when the power system frequency stays at any one of
the underfrequency levels judged by the underfrequency
level detection unit and shedding the more loads quickly on
this occasion when the underfrequency level at which the
power system frequency stays is large.

[0009] Tt is preferable to set a rate of change of frequency
detection unit for judging, when the power system frequency
becomes equal to or less than a predetermined value, the rate
of change of the power system frequency within a prede-
termined range equal to or less than the predetermined value
and configure so that the load shedding unit sheds the more
loads when the rate of change of the power system frequency
within the predetermined range judged by the rate of change
of frequency detection unit is larger.

[0010] Further, a plurality of predetermined ranges is
prepared as a predetermined range equal to or less than a
predetermined value of the rate of change of frequency
detection unit and it is configured so that the rate of change
of frequency detection unit judges the rate of change of the
power system frequency within each predetermined range
and the load shedding unit sheds the more loads when the
rate of change of the power system frequency within each
predetermined range judged by the rate of change of fre-
quency detection unit is larger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a system configuration diagram when an
underfrequency load shedding protection system according
to an embodiment of the present invention is applied to a
power system.

[0012] FIG. 2 is a block configuration diagram of an
underfrequency load shedding protection system for a trans-
former station A according to a first embodiment of the
present invention.
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[0013] FIG. 3 is a diagram for explaining an amount of
load to be shed by the underfrequency load shedding pro-
tection system for the transformer station A according to the
first embodiment of the present invention in accordance with
the underfrequency level at which the power system fre-
quency stays and the staying time when the power system
frequency drops resulting from power generation shortage.

[0014] FIG. 4 is a diagram for explaining assignment of a
load shedding command to loads, which are candidates for
load shedding, by the underfrequency load shedding pro-
tection system according to the first embodiment of the
present invention.

[0015] FIG. 5 is a circuit configuration diagram of a load
shedding unit for the transformer station A of a load shed-
ding unit in the first embodiment of the present invention.

[0016] FIG. 6 is a block configuration diagram of an
underfrequency load shedding protection-system for the
transformer station A according to a second embodiment of
the present invention.

[0017] FIG. 7 is a diagram for explaining an amount of
load to be shed by the underfrequency load shedding pro-
tection system according to the first embodiment of the
present invention in accordance with the rate of change of
the power system frequency when the power system fre-
quency drops resulting from power generation shortage.

[0018] FIG. 8 is a diagram for explaining assignment of a
load shedding command to loads, which are candidates for
load shedding, by the underfrequency load shedding pro-
tection system according to the second embodiment of the
present invention.

[0019] FIG. 9 is a circuit configuration diagram of a load
shedding unit for the transformer station A of a load shed-
ding unit in the second embodiment of the present invention.

[0020] FIG. 10 is a block configuration diagram of an
underfrequency load shedding protection system for the
transformer station A according to a third embodiment of the
present invention.

[0021] FIG. 11 is a diagram for explaining an amount of
load to be shed in accordance with the rate of change of the
power system frequency when the power system frequency
drops resulting from power generation shortage in the third
embodiment of the present invention.

[0022] FIG. 12 is a diagram for explaining assignment of
a load shedding command to loads, which are candidates for
load shedding, in the third embodiment of the present
invention.

[0023] FIG. 13 is a circuit configuration diagram of a load
shedding unit for the transformer station A of a load shed-
ding unit in the third embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0024] Embodiments of the present invention are
described below. FIG. 1 is a system configuration diagram
when an underfrequency load shedding protection system
according to an embodiment of the present invention is
applied to a power system. The underfrequency load shed-
ding protection systems 11a to 11d of the present invention
are applied to a power system in which a plurality of
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bus-bars is linked up with each other by a plurality of
transmission networks. FIG. 1 shows a certain power system
12 and the power system 12 is connected to another power
system by transmission networks 13a to 13¢ and a power
system like a network is formed as a whole.

[0025] To the power system 12, a plurality of generators
and a plurality of transformer stations are connected and the
power generated by the plurality of generators is supplied to
loads via one or a plurality of transformers in the plurality
of transformer stations. In FIG. 1, the generator is not shown
schematically, and a case is shown, where four transformer
stations 14a to 144 are connected and each of the trans-
former stations 14a to 14d is provided with each of trans-
formers 154 to 154.

[0026] The transformer 15a of the transformer station 14a
supplies power to each of loads Al to Ai from feeders 16al
to 16ai connected to a bus-bar 184 via circuit breakers 17a1
to 17ai. Similarly, the transformer 156 of the transformer
station 145, supplies power to each of loads B1 to Bj from
feeders 1651 to 165/ connected to a bus-bar 185 via circuit
breakers 1761 to 174j, the transformer 15¢ of the trans-
former station 14¢ supplies power to each of loads C1 to Ck
from feeders 16c1 to 16ck connected to a bus-bar 18¢ via
circuit breakers 17¢1 to 17¢ck, and the transformer 154 of the
transformer station 144 supplies power to each of loads D1
to Dm from feeders 1641 to 16dm connected to a bus-bar
18d via circuit breakers 1741 to 17dm.

[0027] Moreover, each of the bus-bars 18a to 18d is
provided with each of voltage transformers 38a to 384 and
voltages V1a to V14 of the bus-bars 184 to 184 are detected
by the voltage transformers 38a to 384. The voltages V1a to
V1d detected by the voltage transformers 38a to 384 are
input to the underfrequency load shedding protection sys-
tems 11a to 114 respectively.

[0028] The underfrequency load shedding protection sys-
tems 11a to 11d stably manage the power system by recov-
ering the power system frequency to within a predetermined
range by shedding loads when the power system frequency
drops resulting from power generation shortage of the power
system 12. Since the underfrequency load shedding protec-
tion systems 11a to 114 of each of the transformer stations
14a to 14d have the same configuration, the underfrequency
load shedding protection system 1la of the transformer
station 14a is described below. The underfrequency load
shedding protection system 11a comprises an input process-
ing unit 19a that receives the voltage V1a detected by the
voltage transformer 38a and obtains a power system fre-
quency, an underfrequency level detection unit 20a that
judges the underfrequency level of the power system fre-
quency based on the power system frequency obtained by
the input processing unit 19¢, and a load shedding unit 21a
that selects each of the circuit breakers 174l to 17ai of the
transformer station 14a and outputs a load shedding com-
mand a.

[0029] FIG. 2 is a block configuration diagram of the
underfrequency load shedding protection system 1la
according to the first embodiment of the present invention.
The input processing unit 19a receives the voltage Vla
detected by the voltage transformer 38a and obtains a
frequency f of the voltage V1a and at the same time, obtains
a voltage value Va and outputs it to the underfrequency level
detection unit 20a.
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[0030] The underfrequency level detection unit 20a com-
prises:

[0031] a first level detection unit 22a that judges whether
or not the power system frequency f is within a first level
range and outputs the logical value “1” when it is within the
first level range;

[0032] a second level detection unit 23a that judges
whether or not the power system frequency f is within a
second level range and outputs the logical value “1” when it
is within the second level range;

[0033] an undervoltage relay 24a that outputs the logical
value “1” when the voltage value Va of the voltage Vl1a is
equal to or less than a predetermined value;

[0034] a first AND circuit 25a that outputs the logical
value “1” when the output of the first level detection unit 22a
is the logical value “1” and the output of the undervoltage
relay 24a is the logical value “0”; and

[0035] a second AND circuit 26a that outputs the logical
value “1”” when the output of the second level detection unit
23a is the logical value “1” and the output of the undervolt-
age relay 24a is the logical value “0”.

[0036] The first level detection unit 22a of the underfre-
quency level detection unit 20a judges, when the power
system frequency f is input from the input processing unit
194, whether or not the power system frequency {f is within
the first level range. Similarly, the second level detection
unit 23a of the underfrequency level detection unit 20a
judges, when the power system frequency f'is input from the
input processing unit 19a, whether or not the power system
frequency f is within the second level range.

[0037] For example, in the power system the predeter-
mined power system frequency of which is 50 Hz, if it is
assumed that as the first level range, a frequency less than
48.5 Hz is set, as the second level range, a frequency less
than 48.0 Hz is set, and the received power system frequency
f is 48.4 Hz, then, the received power system frequency f
(f=48.4 Hz) is within the first level range, therefore, the first
level detection unit 22a outputs the logical value “1” and the
second level detection unit 23a outputs the logical value “0”
as a result. Further, when the received power system fre-
quency f is assumed to be 47.8 Hz, the received power
system frequency f (f=47.8 Hz) is within the first level range
and the second level range, therefore, the first level detection
unit 22a and the second level detection unit 23a output the
logical value “1” as a result.

[0038] The undervoltage relay 24a outputs the logical
value “1” when the voltage value Va of the voltage Vl1a is
equal to or less than a predetermined value. The reason that
the undervoltage relay 24a is provided is that it distinguishes
the drop phenomenon of the power system frequency f due
to the out of step from the drop phenomenon of the power
system frequency f due to the power generation shortage of
the power system 12 and that it does not perform load
shedding in the case of the drop phenomenon of the power
system frequency f due to the out of step.

[0039] The first AND circuit 25a outputs the logical value
“1” when the output of the first level detection unit 22a is the
logical value “1” and the output of the undervoltage relay
24a is the logical value “0”. In other words, it outputs the
logical value “1” when the power system frequency f is
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within the first level range and not in the case of the drop
phenomenon of the power system frequency f due to the out
of step. Similarly, the second AND circuit 26a outputs the
logical value “1” when the output of the second level
detection unit 23¢ is the logical value “1” and the output of
the undervoltage relay 24a is the logical value “0”. In other
words, it outputs the logical value “1” when the power
system frequency f is within the second level range and not
in the case of the drop phenomenon of the power system
frequency f due to the out of step.

[0040] The output signal of the first AND circuit 25a is
output as a first level detection signal L1a and the output
signal of the second AND circuit 26a is output as a second
level detection signal [.2a to the load shedding unit 21a. The
load shedding unit 21a selects each of the circuit breakers
17a1 to 17ai of the transformer station 14a and outputs the
load shedding command a. The load shedding unit 21a
comprises a load shedding unit for the transformer station A
27a that outputs load shedding commands al to a4 to the
loads Al to A4 of the transformer station 14a.

[0041] The load shedding unit for the transformer station
A 27a receives the first level detection signal [L1a and the
second level detection signal [.2a and when the logical value
“1” of the first level detection signal [.1a continues for a
predetermined time or when the logical value “1” of the
second level detection signal [.2a continues for a predeter-
mined time, selects the load determined in advance out of
the loads Al to A4 and outputs the load shedding commands
al to a4 to the circuit breakers 174l to 17a4.

[0042] Although not shown schematically, a load shedding
unit for a transformer station B 275 in a load shedding unit
2154 of the transformer station 145, a load shedding unit for
a transformer station C 27¢ in a load shedding unit 21¢ of the
transformer station 14¢, and a load shedding unit for a
transformer station D 274 in a load shedding unit 214 of the
transformer station 144 similarly receive first level detection
signals [.15 to L.1d and second level detection signals 1.25 to
[2d and when the logical value “1” of the first level
detection signals [.15 to L1d continues for a predetermined
time or when the logical value “1” of the second level
detection signals [.25 to [.2d continues for a predetermined
time, select the loads determined in advance out of the loads
B1 to B4, the loads C1 to C4, and the loads D1 to D4 and
output load shedding commands bl to b4, load shedding
commands c1 to c4, and load shedding commands d1 to d4
to the circuit breakers 17561 to 17b4, the circuit breakers
17¢1 to 17¢4, and the circuit breakers 1741 to 1744.

[0043] Here, the maximum amount of load to be shed to
recover the power system frequency when the power system
frequency drops resulting from power generation shortage of
the power system 12 is based on the assumption that when
the maximum power generation shortage rate of the power
system 12 that changes in accordance with the operational
condition of the power system and the point of system
separation is about 32%, the power system frequency is
recovered without fail if 32% of the entire load of the power
system is shed. Further, it is also assumed that 4% of the
entire load of the power system is shed for each load
shedding.

[0044] Furthermore, for convenience of explanation, it is
also assumed that the loads, which are the candidates for
load shedding of the transformer stations 14a to 144, are the
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loads Al to Ad, the loads B1 to B4, the loads C1 to C4, and
the loads D1 to D4 and are connected to the feeders 16al to
1644, the feeders 1651 to 1654, the feeders 16c1 to 164,
and the feeders 1641 to 1644 respectively, and each being
2% of the load. Therefore, the total is 32% of the entire load
of the power system.

[0045] FIG. 3 is a diagram for explaining an amount of
load to be shed in accordance with the underfrequency level
at which the power system frequency stays and the staying
time when the power system frequency drops resulting from
power generation shortage under the above-mentioned con-
ditions. FIG. 3 shows a case where as a first level range of
first level detection units 22a to 224, a frequency less than
48.5 Hz is set and as a second level range of second level
detection units 23a to 234, a frequency less than 48.0 Hz is
set.

[0046] When the power system frequency f comes to fall
within the first level range (less than 48.5 Hz), the logical
value of the first level signals L.1a to L.14 becomes “1” and
when the power system frequency f comes to fall within the
second level range (less than 48.0 Hz), the logical value of
the second level signals [.2a to L.2d also becomes “1”. Then,
when the power system frequency f stays in the first level
range or the second level range for a predetermined time or
more, the loads determined in advance based on the staying
time are shed sequentially.

[0047] For example, when the power system frequency f
is within the first level range (less than 48.5 Hz) and above
the second level range (less than 48.0 Hz) and stays for a
time equal to or more than 0.5 sec., 4% of the load is shed.
Then, the power system frequency f still stays in the first
level range (less than 48.5 Hz) and above the second level
range (less than 48.5 Hz) even after 4% of the load is shed,
4% of the load is shed additionally after 1.0 sec. Similarly,
as below, when the power system frequency f still stays in
the first level range (less than 48.5 Hz) and above the second
level range (less than 48.0 Hz), 4% of the load is shed
additionally at every second. Finally, when the power sys-
tem frequency f stays in the first level range (less than 48.5
Hz) and above the second level range (less than 48.0 Hz) for
seven seconds, 32% of the entire load of the power system
is shed as a result.

[0048] As described above, in the example of the above-
mentioned explanation, it is assumed that the power gen-
eration shortage rate of the power system is 32% and the
drop of the power system frequency can be recovered
without fail by shedding 32% of the entire load of the power
system, therefore, the load to be shed is assumed to be 32%
of the entire load of the power system. If the power
generation shortage rate should exceed 32%, the power
system frequency cannot be recovered even if 32% of the
entire load of the power system is shed, therefore, the
assumption of the maximum value of power generation
shortage rate of the power system 12 is important in order to
maintain a stable operation of the power system.

[0049] When the power system frequency f comes to fall
within the second level range (less than 48.0 Hz), first, when
the power system frequency f stays for a short predeter-
mined time of 0.2 sec. or more, 8% of the load is shed at a
time. Then, if the power system frequency f'still stays in the
second level range (less than 48.0 Hz) even after 8% of the
load is shed, 8% of the load is shed additionally after 0.5 sec.
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Further, if the power system frequency {f still stays in the
second level range (less than 48.0 Hz), 4% of the load is shed
additionally every one sec. Finally, when the power system
frequency f stays in the second level range (less than 48.0
Hz) for four sec., 32% of the entire load of the power system
is shed as a result. Thus, when the underfrequency level at
which the power system frequency stays is large (within the
second level range), a large amount of load (8% of the load)
is shed quickly (in 0.2 sec.) in the initial time when the
power system frequency f stays.

[0050] By the way, when the power system frequency f
comes to fall within the second level range (less than 48.0
Hz) and then becomes within the first level range (less than
48.5 Hz) and above the second level range (less than 48.0
Hz), load shedding is performed sequentially in the first
level range (less than 48.5 Hz). Then, when the power
system frequency f becomes above the first level range (less
than 48.5 Hz), the load shedding ends.

[0051] FIG. 4 is an explanatory diagram of assignment of
a load shedding command to loads, which are candidates for
load shedding. In other words, FIG. 4 is an explanatory
diagram of the first level signals [.1a to [.1d and the second
level signals [.2a to [.2d that have taken time into consid-
eration to the loads Al to Ad, the loads B1 to B4, the loads
C1 to C4, and the loads D1 to D4, which are candidates for
load shedding of the transformer stations 14a to 14d. For
example, L1a (0.5) in FIG. 4 means that a shedding com-
mand is output when the first level signal L1a continues for
a time equal to or more than 0.5 sec. and [.2a¢ (0.2) means
that a shedding command is output when the second level
signal [.2a continues for a time equal to or more than 0.2 sec.
Therefore, the load Al of the transformer station 14a is shed
when the first level signal [.1a continues for a time equal to
or more than 0.5 sec. or the second level signal [.2a
continues for a time equal to or more than 0.2 sec.

[0052] Similarly, as below, the first level signals Lla to
L1d and the second level signals [.2a to 1.2d that have taken
time into consideration are assigned to the loads Al to A4,
the loads B1 to B4, the loads C1 to C4, and the loads D1 to
D4, which are candidates for load shedding of the trans-
former stations 14a to 14d. As described above, 2% of the
load is connected to each of the feeders 16al to 16a4, the
feeders 1651 to 16b4, the feeders 16¢1 to 16¢4, and the
feeders 1641 to 1644, therefore, the maximum amount of
load to be shed in order to recover the power system
frequency f is 32%.

[0053] Next, FIG. 5 is a circuit configuration diagram of
the load shedding unit for the transformer station A 27a of
the load shedding unit in the first embodiment. The load
shedding unit for the transformer station A 27a comprises
timers T1 to T8 each having a predetermined time and OR
circuits OR1 to OR4 for calculating a logical OR of two
outputs of the timers T1 to T8. The timers T1 to T8 and the
OR circuits OR1 to OR4 realize assignment of the load
shedding commands al to a4 to the loads, which are the
candidates for load shedding shown in FIG. 4.

[0054] For example, it is assumed that the power system
frequency f comes to fall within the first level range (less
than 48.5 Hz) and above the second level range (less than
48.0 Hz) and the first level signal [.1a becomes the logical
value “1”. In this case, if it is assumed that the timers T1, T3,
T5, and T7 begin to count the time of its own and when the
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first level signal [.1a continues the logical value “1” for 0.5
sec., the timer T1 outputs the logical value “1” to the OR
circuit OR1. Due to this, the load shedding command al is
output from the OR circuit OR1 to the circuit breaker 17a1
and the load A is shed.

[0055] If it is assumed that after the load A1 is shed, the
power system frequency f still stays in the first level range
(less than 48.5 Hz) and above the second level range (less
than 48.0 Hz) and the first level signal L1a continues the
logical value “1” for 2.0 sec., the timer T3 outputs the logical
value “1” to the OR circuit OR2. Due to this, the load
shedding command a2 is output from the OR circuit OR2 to
the circuit breaker 1742 and the load A2 is shed. Similarly,
as below, when the first level signal L1a is assumed to
continue the logical value “1” for 4.0 sec., the timer T5
outputs the logical value “1” to the OR circuit OR3 and the
load shedding command a3 is output from the OR circuit
OR3 to the circuit breaker 1743 and the load A3 is shed.
Further, when the first level signal Lla is assumed to
continue the logical value “1” for 6.0 sec., the timer T7
outputs the logical value “1” to the OR circuit OR4 and the
load shedding command a4 is output from the OR circuit
OR4 to the circuit breaker 1744 and the load A4 is shed.

[0056] Also similarly, when the power system frequency f
comes to fall within the second level range (less than 48.0
Hz) and the second level signal [.2a becomes the logical
value “1”, as long as the power system frequency f maintains
the second level range (less than 48.0 Hz), the timers T2, T4,
T6, and T8 sequentially output the logical value “1” to the
OR circuits OR1 to OR4 and the load shedding commands
al to a4 are output from the OR circuits OR1 to OR4 to the
circuit breakers 1741 to 1744 and the loads Al to A4 are
shed.

[0057] Similarly, the load shedding unit for the trans-
former station B 275, the load shedding unit for the trans-
former station C 27¢, and the load shedding unit for the
transformer station D 274 also comprise eight timers each
having a predetermined time and four OR circuits for
calculating a logical OR of two outputs of the eight timers
and the eight timers and the four OR circuits realize assign-
ment of the load shedding commands bl to b4, the load
shedding commands c1 to c4, and the load shedding com-
mands d1 to d4 to the loads B1 to B4, the loads C1 to C4,
and the loads D1 to D4, which are the candidates for load
shedding shown in FIG. 4.

[0058] In the above-mentioned explanation, it is assumed
that if 32% of the entire load of the power system is shed,
the power system frequency f recovers, then 32% of the
entire load is shed at maximum when the power system
frequency drops resulting from power generation shortage,
however, not less than 32% or not more than 32% of the
entire load of the power system may be acceptable. It is only
necessary to set in accordance with the assumed maximum
value of the power generation shortage rate that changes in
accordance with the operational conditions and the point of
system separation of the power system. Further, the amount
of'load to be shed is set to 4% of the load for each shedding,
however, a smaller amount of load, such as 3% of the load
or 2% of the load may be acceptable. Furthermore, the
frequency level range is set to be divided into the two levels,
that is, the first level range and the second level range,
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however, further multiple level ranges may be set. In such a
case, it is possible to recover the power system frequency in
a more detailed manner.

[0059] According to the first embodiment, when the power
system frequency stays at any of the underfrequency levels
judged by the underfrequency level detection units 20a to
204, the load shedding units 21a to 21d sequentially shed the
load determined in advance based on the staying time,
therefore, the load is shed in accordance with the recovery
degree of the power system frequency and it is thus possible
to recover the power system frequency to within a prede-
termined range. Further, when the underfrequency level at
which the power system frequency stays is large, a large
amount of load is shed quickly in the initial time zone when
the power system frequency stays, therefore, it is possible to
quickly recover the power system frequency.

[0060] Next, a second embodiment of the present inven-
tion is described. FIG. 6 is a block configuration diagram of
the underfrequency load shedding protection system 1la
according to the second embodiment of the present inven-
tion. In the second embodiment, a rate of change of fre-
quency detection unit 31a is provided additionally to the first
embodiment shown in FIG. 2. The same symbols are
attached to the same components as those in FIG. 2 and their
explanation is omitted.

[0061] The rate of change of frequency detection unit 31a
judges, when the power system frequency f becomes a value
equal to or less than a predetermined value when the power
system frequency drops resulting from power generation
shortage, the rate of change of the power system frequency
within a predetermined range equal to or less than the
predetermined value, and comprises a rate of change of
frequency detection unit 324 that judges the rate of change
of the power system frequency within the predetermined
range equal to or less than the predetermined value, an
undervoltage relay 33a that outputs the logical value “1”
when the voltage is equal to or less than a predetermined
value, and a third AND circuit 34a that outputs the logical
value “1” when the output of the rate of change of frequency
detection unit 32¢ is the logical value “1” and the output of
the undervoltage relay 33a is the logical value “0”.

[0062] The rate of change of frequency detection unit 32a
measures a time period from the time when the received
power system frequency f becomes equal to or less than an
upper limit value within a predetermined range and to the
time when it drops to a lower limit value within the
predetermined range and when the time period becomes
equal to or less than any one of a plurality of limit values
determined in advance, the rate of change of frequency
detection unit outputs an output signal corresponding to the
limit value as the logical value “1”. In other words, the rate
of change of frequency detection unit 32a outputs plural
kinds of output signals in accordance with the rate of change
corresponding to the plurality of limit values.

[0063] For example, in the power system the predeter-
mined power system frequency of which is 50 Hz, if it is
assumed that as the upper limit value within the predeter-
mined range, 48.8 Hz is set, as the lower limit value within
the predetermined range, 48.0 Hz is set, and as the plurality
of limit values, a first limit value 0.4 s, a second limit value
0.5 s, a third limit value 1.0 s, and a fourth limit value 2.0
s are set, and the time period from the time when the
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received power system frequency f becomes equal to or less
than the upper limit value (48.8 Hz) within the predeter-
mined range and to the time when it drops to the lower limit
value (48.0 Hz) within the predetermined range is 0.6 s,
then, the time is equal to or less than the third limit value 1.0
s but exceeds the second limit value 0.5 s, therefore, an
output signal corresponding to the third limit value 1.0 s is
output as the logical value “1”.

[0064] The undervoltage relay 33a outputs the logical
value “1” when the voltage value Va of the voltage Vl1a is
equal to or less than a predetermined value. The undervolt-
age relay 33a is provided in order to distinguish the drop
phenomenon of the power system frequency f due to the out
of step from the drop phenomenon of the power system
frequency f due to power generation shortage of the power
system 12 and to prevent load shedding from being per-
formed in the case of the drop phenomenon of the power
system frequency f due to the out of step.

[0065] The third AND circuit 34a outputs the logical value
“1” when the output of the rate of change of frequency
detection unit 32¢ is the logical value “1” and the output of
the undervoltage relay 33a is the logical value “0”. In other
words, the third AND circuit 34a outputs an output signal
corresponding to the limit value as the logical value “1”
when the rate of change of the power system frequency f
becomes equal to or less than any one of the plurality of limit
values and not in the case of the drop phenomenon of the
power system frequency f due to the out of step.

[0066] The output signal of the first AND circuit 25a is
output as the first level detection signal L1a, the output
signal of the second AND circuit 26a is output as the second
level detection signal [.2a, and the output signal of the third
AND circuit 34a is output as a detection signal for rate of
change of frequency Ma (T) to the load shedding unit 21a.

[0067] The load shedding unit for the transformer station
A 27a of the load shedding unit 21a receives the first level
detection signal [1a, the second level detection signal [.2q,
and the detection signal for rate of change of frequency Ma
(T) and when the logical value “1” of the first level detection
signal [.1a continues for a predetermined time, or when the
logical value “1” of the second level detection signal [.2a
continues for a predetermined time, or when the logical
value “1” of the detection signal for rate of change of
frequency Ma (T) is input, selects the load determined in
advance out of the loads Al to A4 and outputs the load
shedding commands al to a4 to the circuit breakers 1741 to
1704.

[0068] Similarly, the load shedding unit for the trans-
former station B 275, the load shedding unit for the trans-
former station C 27¢, and the load shedding unit for the
transformer station D 27d receive the first level detection
signals [.16 to L.1d, the second level detection signals [.25
to L.2d, and detection signals for rate of change of frequency
Mb (T) to Md (T) and when any one of the first level
detection signals .15 to L1d, the second level detection
signals [.2b to [.2d, and the detection signals for rate of
change of frequency Mb (T) to Md (T) becomes the logical
signal “1” and the logical value “1” of the first level
detection signals [.15 to L.1d continues for a predetermined
time, or when the logical value “1” of the second level
detection signals [.25 to [.2d continues for a predetermined
time, or when the logical value “1” of the detection signals
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for rate of change of frequency Mb (T) to Md (T) is input,
select the loads determined in advance out of the loads B1
to B4, the loads C1 to C4, and the loads D1 to D4 and output
the load shedding commands bl to b4, the load shedding
commands c1 to c4, and the load shedding commands d1 to
d4 to the circuit breakers 1751 to 1754, the circuit breakers
17¢1 to 17¢4, and the circuit breakers 1741 to 1744.

[0069] FIG. 7 is an explanatory diagram of the amount of
load to be shed in accordance with the rate of change of the
power system frequency when the power system frequency
drops resulting from power generation shortage. FIG. 7
shows a case where 48.8 Hz is set as the upper limit value
within the predetermined range for detecting that the power
system frequency becomes equal to or less than the prede-
termined value and 48.0 Hz is set as the lower limit value
within the predetermined range. FIG. 7 also shows a case
where four limit values are set as limit values of time during
which the power system frequency drops between the upper
limit value within the predetermined range and the lower
limit value within the predetermined range and 0.4 s is set
as a first limit value, 0.5 s is set as a second limit value, 1.0
s 1s set as a third limit value, and 2.0 s is set as a fourth limit
value.

[0070] When the power system frequency f becomes equal
to or less than the upper limit value (48.8 Hz) within the
predetermined range, the rate of change of frequency detec-
tion unit 32« begins to count time and monitors whether or
not the power system frequency f becomes the lower limit
value (48.0 Hz) within the predetermined range. Then, the
time required for the power system frequency f to change
from the upper limit value (48.8 Hz) within the predeter-
mined range to the lower limit value (48.0 Hz) within the
predetermined range is measured and whether or not the
required time measured is equal to or less than any one of the
first limit value 0.4 s, the second limit value 0.5 s, the third
limit value 1.0 s, and the fourth limit value 2.0 s is judged.
Then, if the time is equal to or less than any one of the limit
values, an output signal corresponding to the limit value is
output as the logical value “1”.

[0071] For example, in a state in which undervoltage
relays 33a to 334 have not detected any undervoltage, when
the required time is equal to or less than the first limit value
0.4 s, the detection signals for rate of change of frequency
Ma (0.4) to Md (0.4) are output from the rate of change of
frequency detection units 31a to 33d and 32% of the entire
load of the power system is shed by the load shedding units
21a to 21d. This is for recovering the power system fre-
quency f quickly because the rate of change of the power
system frequency is large. When the time is equal to or less
than the second limit value 0.5 s, the detection signals for
rate of change of frequency Ma (0.5) to Md (0.5) are output
from the rate of change of frequency detection units 31a to
31d and 24% of the entire load of the power system is shed
by the load shedding units 21a to 21d.

[0072] Similarly, as below, when the time is equal to or
less than the third limit value 1.0 s, the detection signals for
rate of change of frequency Ma (1.0) to Md (1.0) are output
from the rate of change of frequency detection units 31a to
31d and 16% of the entire load of the power system is shed
by the load shedding units 21a to 214 and when the time is
equal to or less than the fourth limit value 2.0 s, the detection
signals for rate of change of frequency Ma (2.0) to Md (2.0)
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are output from the rate of change of frequency detection
units 31a to 31d and 8% of the entire load of the power
system is shed by the load shedding units 21a to 21d. By the
way, when the measured time exceeds the fourth limit value
2.0 s (when the rate of change is small), the detection signals
for rate of change of frequency Ma (T) to Md (T) are not
output, therefore load shedding is not performed by the
detection signals for rate of change of frequency. As
described above, the larger is the rate of change of the power
system frequency within the predetermined range judged by
the rate of change of frequency detection unit 31a, the more
loads are shed by the load shedding unit 21a and when the
rate of change of the power system frequency f'is small, load
shedding is not performed.

[0073] FIG. 8 is an explanatory diagram of assignment of
the load shedding command to the loads, which are the
candidates for load shedding, in the second embodiment. In
comparison to the first embodiment shown in FIG. 4, the
detection signals for rate of change of frequency Ma (T) to
Md (T) are assigned additionally.

[0074] The load A1 of the transformer station 14a is shed
when the first level signal I.1a continues for 0.5 sec. or more,
or when the second level signal 1.2a continues for 0.2 sec.
or more. Further, it is shed by the detection signals for rate
of change of frequency Ma (0.4), Ma (0.5), Ma (1.0), and Ma
(2.0).

[0075] Similarly, as below, to the loads A1 to A4, the loads
B1 to B4, the loads C1 to C4, and the loads D1 to D4, which
are the candidates for load shedding of the transformer
stations 14a to 144, the first level signals [.1a to [.1d and the
second level signals [.2a to [.2d that have taken time into
consideration, and further, the detection signals for rate of
change of frequency Ma (T) to Md (T) are assigned. As
described above, to each of the feeders 16al to 16a4, the
feeders 1651 to 16b4, the feeders 16¢1 to 16¢4, and the
feeders 1641 to 16d4, 2% of the load is connected respec-
tively, therefore, the maximum amount of load to be shed to
recover the power system frequency is 32%.

[0076] Next, FIG. 9 is a circuit configuration diagram of
the load shedding unit for the transformer station A 27a of
the load shedding unit 21 in the second embodiment. The
load shedding unit for the transformer station A 27a com-
prises the timers T1 to T8 each having a predetermined time
and the OR circuits OR1 to OR4 for calculating a logical OR
of' a combination of two outputs of the timers T1 to T8 and
the detection signals for rate of change of frequency Ma
(0.4), Ma (0.5), Ma (1.0), and Ma (2.0). The timers T1 to T8
and the OR circuits OR1 to OR4 realize assignment of the
load shedding commands al to a4 to the loads, which are the
candidates for load shedding shown in FIG. 8.

[0077] Forexample, when the logical value “1” is input by
any one of the output signals from the timers T1 and T2, Ma
(0.4), Ma (0.5), Ma (1.0), and Ma (2.0), the load shedding
command al from the OR circuit OR1 is output to the circuit
breaker 17a1 and the load A1l is shed. Similarly, when the
logical value “1” is input by any one of the output signals
from the timers T3 and T4, Ma (0.4), Ma (0.5), and Ma (1.0),
the load shedding command a2 from the OR circuit OR2 is
output to the circuit breaker 1742 and the load A2 is shed.
When the logical value “1” is input by any one of the output
signals from the timers T5 and T6, Ma (0.4), and Ma (0.5),
the load shedding command a3 from the OR circuit OR3 is
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output to the circuit breaker 1743 and the load A3 is shed.
Further, when the logical value “1” is input by any one of the
output signals from the times T7 and T8 is input, the load
shedding command a4 from the OR circuit OR4 is output to
the circuit breaker 17a4 and the load A4 is shed.

[0078] Similarly, the load shedding unit for the trans-
former station B 275, the load shedding unit for the trans-
former station C 27¢, and the load shedding unit for the
transformer station D 27d also comprise the eight timers
each having a predetermined time and the four OR circuits
for calculating a logical OR of a combination of two outputs
of the eight timers and detection signals for rate of change
of frequency Mb (0.4) to Mb (2.0), Mc (0.4) to Mc (2.0), and
Md (0.4) to Md (2.0) and the eight timers and the four OR
circuits realize assignment of the load shedding commands
b1 to b4, the load shedding commands c1 to c4, and the load
shedding commands d1 to d4 to the loads B1 to B4, the loads
C1 to C4, and the loads D1 to D4, which are the candidates
for load shedding shown in FIG. 8.

[0079] In the above description, the rate of change of
frequency detection units 31a to 314 are provided with the
undervoltage relays 33a to 334, however, it may also be
possible to share the undervoltage relays 24a to 24d of the
underfrequency level detection units 20a to 20d. In other
words, it may also be possible to omit the undervoltage
relays 33a to 33d of the rate of change of frequency
detection units 31a to 314 and input the output signals of the
undervoltage relays 24a to 244 of the underfrequency level
detection units 20a to 204 for third AND circuits 34a to 344
of'the rate of change of frequency detection units 31a to 314d.

[0080] According to the second embodiment, in addition
to the effects in the first embodiment, it is possible to recover
the power system frequency more quickly because the larger
the rate of change of the power system frequency is, the
more loads are shed quickly if the rate of change of the
power system frequency is large when the power system
frequency drops resulting from power generation shortage.
In other words, it is possible to prevent the power system
frequency from staying in a state in which the range of drop
is large.

[0081] Next, a third embodiment of the present invention
is described. FIG. 10 is a block configuration diagram of the
underfrequency load shedding protection system 11 a
according to the third embodiment of the present invention.
In the third embodiment, the rate of change of frequency
detection unit 31a is provided with two rate of change of
frequency detection units (a first rate of change of frequency
detection unit 35a and a second rate of change of frequency
detection unit 36a) and in accordance with this, two AND
circuits (the third AND circuit 344 and a fourth AND circuit
37a) are provided in the second embodiment shown in FIG.
6. Due to this, if the rate of change of the power system
frequency is large when the power system frequency drops
resulting from power generation shortage, load shedding is
performed in two steps to suppress a rise in the power
system voltage following load shedding. The same symbols
are attached to the same components as those in FIG. 2 and
duplicated explanation is omitted.

[0082] The rate of change of frequency detection unit 31a
in the third embodiment comprises two predetermined
ranges (a first predetermined range and a second predeter-
mined range) as a predetermined range equal to or less than



US 2007/0222294 Al

the predetermined value of the power system frequency. The
first rate of change of frequency detection unit 35a com-
prises the first predetermined range and the second rate of
change of frequency detection unit 36a comprises the sec-
ond predetermined range. Then, the first rate of change of
frequency detection unit 35a judges the rate of change of the
power system frequency within the first predetermined range
and the second rate of change of frequency detection unit
36a judges the rate of change of the power system frequency
within the second predetermined range.

[0083] The first rate of change of frequency detection unit
35a measures the time taken by the received power system
frequency f to drop through the first predetermined range
and if the time is equal to or less than any one of the two or
more limit values determined in advance, the first rate of
change of frequency detection unit 35a outputs an output
signal corresponding to the limit value as the logical value
“1”. Similarly, the second rate of change of frequency
detection unit 36a measures the time taken by the received
power system frequency f to drop through the second
predetermined range and if the time is equal to or less than
any one of the two or more limit values determined in
advance, the second rate of change of frequency detection
unit 36a outputs an output signal corresponding to the limit
value as the logical value “1”. In other words, the first rate
of change of frequency detection unit 35¢ and the rate of
change of frequency detection unit 36a output plural kinds
of output signals in accordance with the rate of change
corresponding to the two or more kinds of limit values.

[0084] The undervoltage relay 33a outputs the logical
value “1” when the power system voltage is equal to or less
than a predetermined value. The third AND circuit 34a
outputs logical value “1” when the output of the first rate of
change of frequency detection unit 35« is the logical value
“1” and the output of the undervoltage relay 33a is the
logical value “0” and the fourth AND circuit 374 outputs the
logical value “1” when the output of the second rate of
change of frequency detection unit 36« is the logical value
“1” and the output of the undervoltage relay 33a is the
logical value “0”.

[0085] For example, it is assumed that 48.8 Hz to 48.5 Hz
is set as a first predetermined range and 48.8 Hz to 48.0 Hz
is set as a second predetermined range in the power system
the predetermined power system frequency of which is 50
Hz, as shown in FIG. 11. Further, it is also assumed that as
a plurality of limit values within the first predetermined
range, a first limit value 0.5 s, a second limit value 0.6 s, a
third limit value 0.9 s, a fourth limit value 1.2 s, a fifth limit
value 1.6 s, and a sixth limit value 2.0 s are set and as a
plurality of limit values within the second predetermined
range, a first limit value 0.3 s, a second limit value 0.4 s, a
third limit value 0.5 s, a fourth limit value 0.6 s, a fifth limit
value 0.9 s, and a sixth limit value 1.3 s are set.

[0086] Here, it is assumed that the time taken by the power
system frequency f to drop through the first predetermined
range (48.8 Hz to 48.5 Hz) is 0.8 s and the time taken to drop
through the second predetermined range (48.8 Hz to 48.0
Hz) is 1.1 s, then the time taken to drop through the first
predetermined range (48.8 Hz to 48.5 Hz) is equal to or less
than the third limit value 0.9 s within the first predetermined
range and exceeds the second limit value 0.6 s, therefore,
first rate of change of frequency detection units 354 to 354
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output an output signal corresponding to the third limit value
0.9 s as the logical value “1”. Then, in the case of the drop
phenomenon of the power system frequency f due to power
generation shortage, the output of the undervoltage relays
33a to 33d is the logical value “0”, therefore, the first AND
circuits 34a to 34d output M1a (0.9) to M1d (0.9) as the first
detection signals for rate of change of frequency M1a (T) to
M1d (T) corresponding to the third limit value 0.9 s.

[0087] On the other hand, the time taken to drop through
the second predetermined range (48.8 Hz to 48.0 Hz) is
equal to or less than the sixth limit value 1.3 s within the
second predetermined range and exceeds the fifth limit value
0.9 s, therefore, second rate of change of frequency detection
units 36a to 364 output an output signal corresponding to the
sixth limit value 1.3 s as the logical value “1”. Then, in the
case of the drop phenomenon of the power system frequency
f due to power generation shortage, the output of the
undervoltage relays 33a to 334 is the logical value “07,
therefore, second AND circuits 37a to 37d output M2a (1.3)
to M2d (1.3) as the second detection signals for rate of
change of frequency M2a (T) to M2d (T) corresponding to
the sixth limit value 1.3 s.

[0088] Here, when the power system frequency f comes to
fall within the first predetermined range (48.8 Hz to 48.5
Hz), the first rate of change of frequency detection units 35a
to 354 begin to count the time and monitor whether or not
the power system frequency f becomes the lower limit value
within the first predetermined range (48.8 Hz to 48.5 Hz).
Then, the time required for the power system frequency f to
drop to the lower limit value (48.5 Hz) within the first
predetermined range is measured and whether or not the
measured time is equal to or less than any one of the first
limit value 0.5 s, the second limit value 0.6 s, the third limit
value 0.9 s, the fourth limit value 1.2 s, the fifth limit value
1.6 s, and the sixth limit value 2.0 s within the first
predetermined range is judged. When the time is equal to or
less than any one of the limit values, an output signal
corresponding to the limit value is output as the logical value
“17.

[0089] Similarly, when the power system frequency f
comes to fall within the second predetermined range (48.8
Hz to 48.0 Hz), the second rate of change of frequency
detection units 36a to 364 begin to count the time and
monitor whether or not the power system frequency f
becomes the lower limit value within the second predeter-
mined range (48.8 Hz to 48.0 Hz). Then, the time required
for the power system frequency f to drop to the lower limit
value (48.0 Hz) within the second predetermined range is
measured and whether or not the measured time is equal to
or less than any one of the first limit value 0.3 s, the second
limit value 0.4 s, the third limit value 0.5 s, the fourth limit
value 0.6 s, the fifth limit value 0.9 s, and the sixth limit
value 1.3 s within the second predetermined range is judged.
When the time is equal to or less than any one of the limit
values, an output signal corresponding to the limit value is
output as the logical value “1”.

[0090] For example, in a state in which the undervoltage
relays 33a to 334 have not detected any undervoltage, when
the power system frequency ftakes 0.5 s to drop through the
first predetermined range (48.8 Hz to 48.5 Hz) and takes 0.7
s to drop through the second predetermined range (48.8 Hz
to 48.0 Hz), the first detection signals for rate of change of
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frequency Mla (0.6) to M1d (0.6) are output from the first
rate of change of frequency detection units 35a to 354 of the
rate of change of frequency detection units 31a to 31d and
the second detection signals for rate of change of frequency
M2a (0.9) to M2d (0.9) are output from the second rate of
change of frequency detection units 36a to 364. When the
first detection signals for rate of change of frequency Mla
(0.6) to M1d (0.6) are output from the first rate of change of
frequency detection units 35a to 35d of the rate of change of
frequency detection units 31a to 314, the load shedding units
21a to 21d shed 16% of the entire load of the power system
and when the second detection signals for rate of change of
frequency M2a (0.9) to M2d (0.9) are output from the
second rate of change of frequency detection units 36a to
36d of the rate of change of frequency detection units 31a to
314, the load shedding units 21a to 21d shed 6% of the entire
load of the power system.

[0091] As described above, when the rate of change of the
power system frequency is large and the power system
frequency {f'is recovered quickly, and as a result, 22% of the
entire load of the power system is shed, first 16% of the
entire load of the power system is shed in the first step and
then in the second step, 6% of the entire load of the power
system is shed. Due to this, it is made possible to suppress
the range of rise in the power system voltage that occurs
following load shedding.

[0092] In other words, when the load of the power system
is shed, the power system voltage rises temporarily in
accordance with the amount of shed load. Therefore, if a
large amount of load is shed at a time, the rise in the power
system voltage is also large, and this is unacceptable from
the standpoint of maintaining the power system voltage at a
predetermined value. Further, the power system voltage
rises in a state in which the power system frequency f has
dropped, therefore, for example, there may be a case where
an overexcitation protection relay of a generator connected
to the power system operates.

[0093] 1In general, a V/F relay that operates when the ratio
(V/F) of the generator terminal voltage to the power system
frequency exceeds a predetermined value is arranged in a
generator as an overexcitation protection relay and when the
power system voltage rises in a state in which the power
system frequency f has dropped, there may be a case where
the V/F relay operates and the generator is paralleled off the
power system. When the power system frequency drops
resulting from power generation shortage of the entire power
system, if the generator is paralleled off the power system
although load shedding is performed in order to recover the
power system frequency, the power generation shortage of
the entire power system is brought about on the contrary, and
it becomes difficult to maintain a stable operation state of the
power system.

[0094] Therefore, it is necessary to suppress a rise in the
power system voltage caused by load shedding as much as
possible and when the rate of change of the power system
frequency is large and the power system frequency f is
recovered quickly, the load of the power system is shed in
two steps. For example, when the power system frequency
drops resulting from power generation shortage and 22% of
the entire load of the entire power system is shed as a result,
16% of the load is shed in the first step and 6% of the load
is shed in the second step, as described above. First, when
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16% of the load is shed in the first step, the power system
voltage rises temporarily, however, the rise in the power
system voltage is suppressed compared to the case where
22% of the entire load of the entire power system is shed at
a time.

[0095] Further, the power system voltage that has risen
temporarily is regulated so that the terminal voltage of the
generator becomes a predetermined value by an automatic
voltage regulator AVR that automatically regulates the ter-
minal voltage of a generator, therefore, at the time of load
shedding in the second step, the power system frequency
exhibits a trend toward recovery. In this state, 6% of the
entire load of the entire power system is shed in the second
step, the rise in the power system voltage following the load
shedding is suppressed.

[0096] FIG. 12 is an explanatory diagram of assignment of
the load shedding command to the loads, which are the
candidates for load shedding in the third embodiment. In
comparison to the second embodiment shown in FIG. 8,
instead of the detection signals for rate of change of fre-
quency Ma (T) to Md (T), the first detection signals for rate
of change of frequency M1la (T) to M1d (T) and the second
detection signals for rate of change of frequency M2a (T) to
M2d (T) are assigned additionally.

[0097] The load A1 of the transformer station 14a is shed
when the first level signal L.1a continues for 0.5 sec. or more,
or when the second level signal 1.2a continues for 0.2 sec.
or more. Further, it is shed by the first detection signals for
rate of change of frequency Mla (0.5), Mla (0.6), Mla
(0.9), Mla (1.2), Mla (1.6), and Mla (2.0).

[0098] Similarly, as below, to the loads A1 to A4, the loads
B1 to B4, the loads C1 to C4, and the loads D1 to D4, which
are the candidates for load shedding of the transformer
stations 14a to 144, the first level signals [.1a to .14 and the
second level signals [.2a to [.2d that have taken time into
consideration, and further, the first detection signals for rate
of change of frequency M1la (T) to M1d (T) and the second
detection signals for rate of change of frequency M2a (T) to
M2d (T) are assigned. As described above, to each of the
feeders 16al to 16a4, the feeders 1651 to 1654, the feeders
16¢1 to 16¢4, and the feeders 1641 to 1644, 2% of the load
is connected respectively, therefore, the maximum amount
of'load to be shed to recover the power system frequency is
32%.

[0099] Next, FIG. 13 is a circuit configuration diagram of
the load shedding unit for the transformer station A 27a of
the load shedding unit in the third embodiment. The load
shedding unit for the transformer station A 27a comprises
the timers T1 to T8 each having a predetermined time and
the OR circuits OR1 to OR4 for calculating a logical OR of
a combination of two outputs of the timers T1 to T8 and the
first detection signals for rate of change of frequency M1a
(0.5), M1a (0.6), M1a (0.9), Mla (1.2), Mla (1.6), and M1a
(2.0) and the second detection signals for rate of change of
frequency M2a (0.3), M2a (0.4), M2a (0.5), M2a (0.6), M2a
! (0.9), and M2a (1.3). The timers T1 to T8 and the OR
circuits OR1 to OR4 realize assignment of the load shedding
commands al to a4 to the load, which are the candidates for
load shedding shown in FIG. 12.

[0100] Forexample, when the logical value “1” is input by
any one of the output signals from the timers T1 and T2,
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Mla (0.5), Mla (0.6), M1a (0.9), Mla (1.2), Mla (1.6), and
Mla (2.0), the load shedding command al from the OR
circuit OR1 is output to the circuit breaker 1741 and the load
Al is shed. Similarly, when the logical value “1” is input by
any one of the output signals from the timers T3 and T4,
Mla (0.5), Mla (0.6), M1a (0.9), Mla (1.2), and M1a (1.6),
the load shedding command a2 from the OR circuit OR2 is
output to the circuit breaker 1742 and the load A2 is shed.
When the logical value “1” is input by any one of the output
signals from the timers T5 and T6, and M1a (0.5), the load
shedding command a3 from the OR circuit OR3 is output to
the circuit breaker 1743 and the load A3 is shed. Further,
when the logical value “1” is input by any one of the output
signals from the times T7 and T8, M2a (0.3), M2a (0.4),
M2a (0.5), M2a (0.6), M2a (0.9), and M2a (1.3) is input, the
load shedding command a4 from the OR circuit OR4 is
output to the circuit breaker 17a4 and the load A4 is shed.

[0101] Similarly, the load shedding unit for the trans-
former station B 275, the load shedding unit for the trans-
former station C 27¢, and the load shedding unit for the
transformer station D 27d comprise the eight timers each
having a predetermined time and the four OR circuits for
calculating a logical OR of a combination of two outputs of
the eight timers, the first detection signals for rate of change
of frequency M15 (T) to M1d (T), and the second detection
signals for rate of change of frequency M2b (T) to M2d (1),
and the eight timers and the four OR circuits realize for each
transformer station assignment of the load shedding com-
mands b1 to b4, the load shedding commands c1 to ¢4, and
the load shedding commands d1 to d4 to the loads B1 to B4,
the loads C1 to C4, and the loads D1 to D4, respectively,
which are the candidates for load shedding shown in FIG. 12

[0102] In the above description, a case where two rate of
change of frequency detection units are provided is
described, however, three or more rate of change of fre-
quency detection units may be provided. In such a case, load
shedding is performed in three or more steps, therefore, a
rise in the power system voltage following load shedding
can be suppressed in a finer manner.

[0103] According to the third embodiment, in addition to
the effects in the second embodiment, it is possible to
suppress a rise in the power system voltage following load
shedding because the load shedding is performed in three or
more steps if the rate of change of the power system
frequency is large when the power system frequency drops
resulting from power generation shortage. Therefore, it is
possible to prevent the operation of an overexcitation pro-
tection relay and a generator from being paralleled off the
power system.

INDUSTRIAL APPLICABILITY

[0104] As described above, the underfrequency load shed-
ding protection system of the present invention can be
applied to a case where an underfrequency resulting from
power generation shortage of a power system is recovered.
In other words, load shedding is performed in accordance
with recovery degree of the power system frequency, there-
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fore, it is possible to recover the power system frequency to
within a predetermined range. Further, when the rate of
change of the power system frequency is large, the larger is
the rate of change of the power system frequency, the more
loads are shed quickly, it is therefore possible to quickly
recover the power system frequency. At this time, load
shedding is performed in such a manner that a rise in the
power system voltage following load shedding is sup-
pressed, it is therefore possible to prevent the operation of an
overexcitation protection relay and a generator from being
paralleled off the power system.

1. An underfrequency load shedding protection system for
recovering, when a power system frequency of a power
system drops, said power system frequency to within a
predetermined range and managing stably said power sys-
tem, comprising:

an underfrequency level detection unit which judges an
underfrequency level of the power system frequency
when the power system frequency drops resulting from
power generation shortage of the power system; and

a load shedding unit which sequentially sheds the load
determined in advance based on a staying time when
said power system frequency stays at any one of
underfrequency levels judged by said underfrequency
level detection unit and which on this occasion sheds
the more loads quickly when said underfrequency level
at which said power system frequency stays is large.

2. The underfrequency load shedding protection system

according to claim 1, wherein

a rate of change of frequency detection unit is provided,
which judges, when the power system frequency drops
resulting from power generation shortage of the power
system and said power system frequency becomes
equal to or less than a predetermined value, the rate of
change of said power system frequency within a pre-
determined range equal to or less than the predeter-
mined value; and wherein

the larger the rate of change of the power system fre-
quency within said predetermined range judged by said
rate of change of frequency detection unit is, the more
loads are shed by said load shedding unit.
3. The underfrequency load shedding protection system
according to claim 2, wherein:

said rate of change of frequency detection unit comprises
two or more predetermined ranges as a predetermined
range equal to or less than said predetermined value;

the rate of change of said power system frequency within
each predetermined range is judged; and

the larger the rate of change of the power system fre-
quency within each predetermined range judged by said
rate of change of frequency detection unit is, the more
loads are shed by said load shedding unit.
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