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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
a control system for a steam governing valve of a power
generation plant and a method for controlling a steam
governing valve of a power generation plant.

BACKGROUND

[0002] Conventionally, there is known a technique for
preventing step-out of a generator due to occurrence of a
transient event in a power system or a valve control
technique when the rotational speed of a turbine in-
creases due to the occurrence of the transient event in
the power system.
FR 2 976 136 A1 discloses a system having a generator
connected to a turbine and providing an electric power to
a local electricity network. A controllermaintains a switch
in abranch-openedpositionduringa transitional phase in
which the controller controls a heat source to increase
electric power availability at an output of the generator
when the controller supplies power to a branch of the
local electricity network. The controller controls closing of
the switch in order to trigger a power supply according to
information characteristic of the electric power available
at the generator output.
WO2016/157116A1discloses a combined controlmeth-
odof anOrganicRankineCycle (ORC) plant, wherein the
plant comprises at least a feed pump, a heat exchanger,
an expansion turbine and a condenser; the heat exchan-
ger and the turbine being in fluid dynamic connection by
means of at least one admission line which is provided
with an admission valve; and the heat exchanger and the
condenser being in fluid connection by means of at least
one by-pass line which is provided with a by-pass valve.
TheOrganic Rankine Cycle includes a step of feeding an
organic working fluid, a step of heating and / or vaporiza-
tion of the sameworking fluid, an expansion phase and a
step of condensation of the same working fluid. The
discloses method regulates the power supplied from
plant determining an opening degree of the admission
valve as a function of a set point value of the required
power anddetermining anopeningdegree of the by-pass
valve as a function of the opening degree of the admis-
sion valve, so that the total flow rate of the organic work-
ing fluid remains substantially constant during changing
of the power supply output.
JPS50 34727 B1 discloses a control device for a turbine,
andmoreparticularly, to a rotational speed control device
for enabling a re-generation in a short time. In many
power plants, automation and labor saving have been
performed. One of them is a turbine automatic starting
device, which performs load control up to a rated load up
to a rated load by the increase of the turbine speed, the
synchronization, the load control by the main steam stop
valve bypass valve (hereinafter, simply referred to as a

bypass valve), the switching of the valve from the bypass
valve to the valve, and the load control by the valve.
JP 2006 112402 A discloses a nuclear power plant ad-
justable to meet the requirement for maintaining the
output of a nuclear reactor constant even if the pressure
of steam fromanuclear reactor pressure vessel varies up
and down from a rated pressure by reducing an energy
loss by utilizing a steam increasing / decreasing valve
with less pressure loss. In the nuclear power plant, a
pressure header, amain steamstop valve, and the steam
increasing / decreasing valve are interposed in a main
steam pipe connecting the nuclear reactor pressure ves-
sel to a steam turbine, and the flow of the steam from the
nuclear reactor pressure vessel is fed to the steam tur-
bine after being controlled by the steam increasing /
decreasing valve. A power is generated in the steam
turbine, turbine exhaust gases are condensed in a con-
denser and returned to the nuclear reactor pressure
vessel. Then, the pressure header is connected to the
condenser through a turbine bypass pipe for escaping
the steam from the nuclear reactor pressure vessel to the
condenser. The nuclear power plant also comprises a
steam pressure regulating device having an input side
connected to the main steam pipe between the down-
stream side of the pressure header and the upstream
side of the steam increasing / decreasing valve and
regulating the pressure of the steam from the nuclear
reactor pressure vessel.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003]

[Patent Document 1] JP S62‑210204 A
[Patent Document 2] JP 2014‑159744 A

SUMMARY

PROBLEMS TO BE SOLVED BY INVENTION

[0004] When the transient event in the power system
occurs, the steam governing valve is controlled on the
basis of increase or vibration of the turbine rotation speed
and thereby this steam governing valve operates in the
closing direction, and consequently, the pressure of
steam flowing into the steam turbine drops sharply. Ad-
ditionally, a bypass valve for allowing the steam to flow to
a condensermay be opened during the transient event in
the power system. Thus, there is a problem that the
output of active power cannot be maintained after re-
storation of the power system from the transient event.
[0005] In view of the above-described problem, embo-
diments of the present invention aim to provide a control
technology for a steam governing valve of a power plant
capable of maintaining an output of active power after
restoration of the power system from the transient event.
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BRIEF DESCRIPTION OF DRAWINGS

[0006]

Fig. 1 is a configuration diagram illustrating an over-
all system of the power plant according to the first
embodiment.
Fig. 2 is a block diagram illustrating a circuit of the
pressurized water nuclear power plant according to
the first embodiment.
Each of 3A to 3J is a timing chart during the transient
event in the power system according to the first
embodiment.
Fig. 4 is a flowchart illustrating a method for control-
ling steam governing valves of the first embodiment.
Fig. 5 is a configuration diagram illustrating a circuit
of the pressurizedwater nuclear power plant accord-
ing to the second embodiment.
Each of Fig. 6A to 6I is a timing chart during the
transient event in the power system according to the
second embodiment.
Fig. 7 is a flowchart illustrating a method for control-
ling the steam governing valves of the second em-
bodiment.
Fig. 8 is a configuration diagram illustrating a circuit
of the pressurizedwater nuclear power plant accord-
ing to the third embodiment.
Fig. 9 is a flowchart illustrating a method for control-
ling the steam governing valves of the third embodi-
ment.
Fig. 10 is a configuration diagram illustrating a circuit
of the boiling water nuclear power plant according to
the fourth embodiment.
Each of Fig. 11A to 11K is a timing chart during the
transient event in the power system according to the
fourth embodiment.
Fig. 12 is a flowchart illustrating a method for con-
trolling the steam governing valves of the fourth
embodiment.
Each of Fig. 13A to 13H is a timing chart during the
transient event in the power system in the pressur-
ized water nuclear power plant as a comparative
example.
Each of Fig. 14A to 14I is a timing chart during the
transient event in the power system in the boiling
water nuclear power plant as a comparative exam-
ple.

DETAILED DESCRIPTION

[0007] In one embodiment of the present invention, a
control system for a steam governing valve of a power
generation plant, the control system comprising:

a transient-event detector configured to detect oc-
currence of a transient event in a power system; and
an opening-degree correction unit configured to
maintain an opening degree of a steam governing

valve to substantially same as an opening degree at
a time of the occurrence of the transient event in the
power systemduring the transient event in the power
system, the steam governing valve being configured
to adjust amount of steam flowing into a steam
turbine.

(First Embodiment)

[0008] Hereinbelow, embodimentswill bedescribedby
referring to the accompanying drawings. First, a descrip-
tion will be given of a control system for steam governing
valves of a power generation plant according to the first
embodiment by referring to Fig. 1 to Fig. 4. The reference
sign 1 in Fig. 1 indicates the power generation plant 1.
[0009] First, a system configuration related to a turbine
control system of a pressurized water nuclear power
plant will be described as one aspect of the power gen-
erationplant 1by referring toFig. 1. The referencesign16
denotes a steam generator. In the pressurized water
reactor, the steamgenerator 16 generates steamby heat
exchange with the primary coolant introduced from the
reactor vessel. In a thermal power plant, the heat source
of the steam generator 16 is replaced with a boiler or an
exhaust heat recovery boiler. In a boiling water nuclear
plant described below, the steam generator 16 is a re-
actor pressure vessel. Other system configurations are
the same.
[0010] The steam generated by the steam generator
16 is led to a high-pressure turbine 18 as a steam turbine.
The steam discharged from the high-pressure turbine 18
flows into a low-pressure turbine 19 via moisture separa-
tion heaters 17. The high-pressure turbine 18 and the
low-pressure turbine 19 are rotated, and the rotational
force of them causes a generator 20 to generate elec-
tricity.
[0011] The steam generated by the steam generator
16 is inputted to the high-pressure turbine 18. The ther-
mal energy of this steam is converted into kinetic energy,
and thereby the generator 20 is driven. On the input side
of the high-pressure turbine 18, steam governing valves
13 for adjusting the amount of steam flowing into the
turbine 18 are provided. The steam governing valves 13
control the inflow amount of steam to be inputted into the
high-pressure turbine 18. Although two steam governing
valves 13 are provided in the configuration shown in Fig.
1, the number of the steam governing valves 13 is not
limited to specific number.
[0012] Each moisture separation heater 17 is a device
that removes the moisture content of the steam ex-
hausted from the high-pressure turbine 18, heats it,
and inputs it to the low-pressure turbine 19. Each moist-
ure separation heater 17 may be a device that only
separates moisture or a device that only heats steam.
[0013] The steam to be outputted from the moisture
separation heaters 17 is inputted to the low-pressure
turbine 19. The thermal energy of this steam is converted
into kinetic energy, and thereby the generator 20 is
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driven. The low-pressure turbine 19 outputs low-pres-
sure turbine exhaust. On the input side of the low-pres-
sure turbine 19, intercept valves 14 are provided. The
intercept valves 14 regulate the flow rate of the steam to
be exhausted from the moisture separation heaters 17.
The intercept valves 14 control the inflow amount of the
steam to be inputted into the low-pressure turbine 19.
Although two intercept valves 14 are provided in the
configuration shown in Fig. 1, the number of the intercept
valves 14 is not limited to specific number.
[0014] The generator 20 converts the kinetic energy of
the turbine to be generated by the high-pressure turbine
18 and the low-pressure turbine 19 into electric energy.
[0015] The low-pressure turbine exhaust outputted
from the low-pressure turbine 19 is condensed by the
condenser 21, and then is returned to the steam gen-
erator 16 via a condenser pump 22 and a condensate
pump 23.
[0016] Thepower generation plant 1 includes abypass
valve 15 that allows excessive steam to flow directly into
the condenser 21 when the amount of the steam gener-
ated by the steam generator 16 becomes larger than the
amount of the steam flowing into the turbine. The bypass
valve 15 controls the amount of excessive steam to be
inputted from the steam generator 16 into the condenser
21. Although one bypass valve 15 is provided in the
configuration shown in Fig. 1, the number of the bypass
valves 15 is not limited to specific number.
[0017] The control system 10 of the steam governing
valves 13 of the power generation plant 1 includes a
normal control circuit 11 and an early valve actuating
control circuit 12. Although details of the normal control
circuit 11 and the early valve actuating control circuit 12
will be described below, the outline is as follows.
[0018] The control system 10 is connected to the cen-
tral control system3 installed in the central control room2
of the power generation plant 1. The central control
system 3 includes: an operation unit 4 that can be oper-
atedbyanoperator of thepower generationplant 1; anda
display 5 that displays information related to an opera-
tion, monitoring, and management of the power genera-
tion plant 1. Although the central control system3and the
control system 10 are illustrated as separately in Fig. 1 to
facilitate understanding, both may be integrated.
[0019] The power generation plant 1 is provided with a
turbine-rotation-speed detector 25 that detects the rota-
tion speedof eachof thehigh-pressure turbine18and the
low-pressure turbine 19. The turbine rotation speed de-
tected by this turbine-rotation-speed detector 25 is in-
putted to the normal control circuit 11. An opening degree
of each of the steam governing valves 13 and the inter-
cept valves 14 is adjusted such that the turbine rotation
speed becomes a predetermined value having been set
bya rotation-speedsetter 29 (Fig. 2). Then, theamount of
the steam flowing into each valve is controlled. The
"opening degree"maybe simply referred to as the "open-
ing".
[0020] In this manner, the normal control circuit 11

controls the turbine rotation speed during normal opera-
tion, at the time of start, and at the time of stop.
[0021] The early valve actuating control circuit 12 con-
trols opening/closing of the intercept valves 14 in priority
to the control by the normal control circuit 11 when the
transient event in the power systemoccurs. The transient
event in thepowersystem isaphenomenonwhichoccurs
when, for example, an accident in which one or some of
manypower transmission lines extending from thepower
generation plant 1 is cut and grounded. The transient
event in the power systemmay refer to an event in which
the voltage drops significantly for a very short time to an
event in which a relatively small voltage drop occurs for a
long time. However, the transient event in the power
system event here means a phenomenon in which the
period from its occurrence to its restoration is 1 second or
less.
[0022] In the following description, time of the occur-
renceof the transient event in thepower system indicates
the time point at which the normal condition is switched to
the transient event in the power system. The term "during
the occurrence of the transient event in the power sys-
tem" indicates theperiod duringwhich the transient event
in the power system continues. The restoration time of
the power system from transient event indicates the time
point at which the power system is switched from the
transient event to the normal condition. The time of the
occurrence of the transient event in the power system
may include the period immediately before the occur-
rence of the transient event in the power system.
[0023] Fig. 2 shows a specific configuration of the
normal control circuit 11 in the pressurized water nuclear
power plant 1A according to the first embodiment. The
same components as the components in Fig. 1 are
indicated by the same reference signs.
[0024] The turbine-rotation-speed detector 25 detects
the rotation speed of the turbine. The turbine-rotation-
speed detector 25 outputs the detection signal to a de-
viation calculator 30. The deviation calculator 30 sub-
tracts the inputted detection signal and the speed signal
having been preset in the rotation-speed setter 29, and
outputs the subtracted signal to a multiplier 31. The
multiplier 31 obtains a speed control signal 99 by multi-
plying this subtracted signal by a gain (i.e., the reciprocal
of thespeedadjustment rate). Insteadof themultiplier 31,
PI control may be performed only during turbine startup
control.
[0025] Further, an adder 33 calculates a speed load
control signal 100 by adding the speed control signal 99
and the loadsettingvaluehavingbeenset bya loadsetter
32. The speed load control signal 100 is outputted to
servo valves 35 as a steam-governing-valve opening-
degree command-signal 101. The opening degree of the
steam governing valves 13 is adjusted by changing the
supply amount of control oil by the servo valves 35.
[0026] The speed load control signal 100 calculated
from the adder 33 is outputted to a multiplier 36. The
multiplier 36 obtains an intercept-valve opening-degree
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command-signal 102 by multiplying the speed load con-
trol signal 100 by a gain. The intercept-valve opening-
degree command-signal 102 is outputted to servo valves
37. The opening degree of the intercept valves 14 is
adjusted by changing the supply amount of the control
oil by the servo valves 37.
[0027] The bypass valve 15 is installed in order to
reduce the pressure rise in the steam generator 16 or
the reactor. The bypass valve 15 is controlled so as to
open at the time of the occurrence of the transient event,
such as a sudden decrease in turbine load or a plant trip.
[0028] At normal times, in order to prevent disturbance
of the increase in load on the steam generator 16 due to
malfunction of the opening/closing control of the bypass
valve 15, an interlock is provided for the opening control
of the bypass valve 15 by the bypass-valve open permis-
sion signal 104.
[0029] When the output of the bypass-valve open per-
mission signal 104 is off, the zero output of a signal
generator 44 is prioritized by a switch 45 and the bypass
valve is fully closed.Whena turbine-load sudden-change
detection-circuit 46 determines that sudden change in
the turbine load has occurred as detected by the turbine
load detector 28, the bypass-valve open permission sig-
nal 104 is outputted.
[0030] As a conceivable method for detecting sudden
change in turbine load, there is a method for focusing on
the fluctuation of the first-stage steam pressure or the
fluctuation of the generator current (for example, thresh-
old determination using the amount of change in target
parameter per unit time). When the bypass-valve open
permission signal 104 is outputted, the switch 45 controls
the opening degree of the bypass valve 15 by the devia-
tion signal of the bypass-valve control-target process
calculated by a deviation calculator 43 on the basis of
the setting values having been set in a process detector
41 and a process setter 42.
[0031] The process value to be controlled by the by-
pass valve 15 may be, for example, the primary cooling-
system temperature and the secondary-side steampres-
sure.
[0032] Thecontrol operationduring the ratedoperation
of the pressurized water nuclear power plant will be
described by referring to Fig. 2.
[0033] During the rated operation, the turbine rotation
speed iscontrolledbyadjusting theopeningdegreeof the
steamgoverning valves13and the intercept valves14on
the basis of the speed load control signal 100. That is,
control is performed on the basis of the speed control
value that is changed in relation to the rotation speeds of
the turbines 18 and 19.
[0034] At the time of the rated operation, the output of
the bypass-valve open permission signal 104 is in the off
state, so the switch 45 of the bypass-valve control circuit
outputs zeroand thebypassvalve15becomes in the fully
closed state. When the turbine load changes suddenly,
the bypass-valve open permission signal 104 is out-
putted and the opening-degree control of the bypass

valve 15 is started on the basis of the process value of
the target of the bypass valve control.
[0035] In this manner, the normal control circuit 11
controls the turbine rotation speed by adjusting the open-
ing degree of each of the steam governing valves 13 and
the intercept valves 14.
[0036] Next, regarding the turbineearly valveactuating
control, the early valve actuating control circuit 12 will be
described. In the power generation plant 1 connected to
the power system, in the steady state, active power is
being outputted from the generator 20 so as tomatch the
mechanical input from the high-pressure turbine 18 and
the low-pressure turbine 19.
[0037] However, in the power system, there may be
occurrence of the transient event in which the active
power to be outputted by the generator 20 decreases
sharply, such as a sudden decrease in system voltage.
Even if this transient event occurs, this transient eventwill
be restored within 1 second. However, during this tran-
sient event, the turbine mechanical input exceeds the
active power that can be sent to the power system. Thus,
if the turbine rotation speed is increased and exceeds a
certain limit, the generator 20 may goes step-out.
[0038] In order to prevent weakening of the power
system, the power system side is required to continue
the operation without causing the step-out. After the
restoration of the power system from transient event,
the system voltage required by the power system is also
restored, so it is necessary to quickly recover the active
power to be outputted from the generator 20 to the
required value of the power system.
[0039] The turbine early valve actuating control is
known as amethod for preventing step-out and restoring
active power quickly in the generator 20 when the tran-
sient event occurs in the power system. In the early valve
actuating control circuit 12, a power-system transient-
event detector 48detects the transient event in the power
system. When a power-system transient-event detec-
tion-signal 106 is outputted on the basis of this detection,
the intercept valves 14 for causing the steam to flow into
the low-pressure turbine 19 are rapidly closed. Further,
the increase in turbine rotation speed is suppressed by
temporarily blocking the flow of the steam into the low-
pressure turbine 19.Moreover, after the restoration of the
power system from the transient event, the intercept
valves 14 are rapidly and fully opened to recover the
active power quickly. The timing to open the intercept
valves 14 rapidly does not have to coincide with the
transient event reset. For example, as soon as the open-
ing degree of the intercept valves 14 reaches 0%, they
may be opened.
[0040] As shown in Fig. 2, in the early valve actuating
control circuit 12, the power-system transient-event de-
tector 48 detects the transient event in the power system
and outputs the power-system transient-event detection-
signal 106.
[0041] Depending on the output of the power-system
transient-event detection-signal 106, a steam-govern-
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ing-valve opening-degree correction-command signal
107 is outputted. Thereafter, the opening-degree correc-
tion control of the steam governing valves 13 is started.
The opening degree of the steam governing valves 13 is
corrected so as to become close to the predetermined
opening degree at the time of the occurrence of the
transient event in the power system.
[0042] Theproblemof the conventional technique (i.e.,
the event in which the opening degree of the steam
governing valves 13 tends to close due to the speed
control depending on the vibration of the turbine speed
immediately after the transient event in the power sys-
tem) can be prevented by the opening-degree correction
control of the steam governing valves 13. More specifi-
cally, the event in which the valves tends to close means
that the opening degree of the valves continues to be
lower than necessary due to difference in opening/clos-
ing speed of the valves despite the fact that both the
command signal to open the valves and the command
signal to close the valves are alternately transmitted after
the occurrence of the transient event in the power sys-
tem.
[0043] As a result, the amount of steam at the prede-
termined opening degree of the steam governing valves
13 can be supplied to the turbine, whereas the amount of
steam flowing into the turbine is reduced in the conven-
tional technique. Thus, prompt response to the restora-
tion of active power required after the restoration of the
power system from the transient event can be achieved.
Additionally, adverse effects on the steam generation
side such as increase in steam pressure due to the
tendency of the steam governing valves 13 to close
can be avoided.
[0044] In the opening-degree correction control of the
steam governing valves 13, for example, the opening
degree of the steam governing valves 13 is corrected to
thepredeterminedopeningdegreeby the followingmeth-
od.
[0045] Next, as a specific aspect of the opening-de-
gree correction control of the steam governing valves 13
in the first embodiment, a description will be given of a
method for holding the input of the steam-governing-
valve opening-degree command-signal 101 at the value
at the time of the occurrence of the transient event in the
power system.
[0046] As shown in Fig. 2, in the first embodiment,
during the opening-degree correction control of the
steam governing valves 13, an opening-degree correc-
tion unit 110 is provided for holding the steam-governing-
valve opening-degree command-signal 101 at the timeof
the occurrence of the transient event in the power sys-
tem.
[0047] This opening-degree correction unit 110 in-
cludes: a switch 51 that can switch between the speed
load control signal 100 and the steam-governing-valve
opening-degree command-signal 101; and a signal
holder 52 configured to hold the steam-governing-valve
opening-degree command-signal 101, which is informa-

tion indicating theopeningdegreeof thesteamgoverning
valves 13, during normal time before the occurrence of
the transient event in the power system.
[0048] The opening degree held in the signal holder 52
is the opening degree at the time of occurrence of the
transientevent in thepowersystem,and theswitch51 isa
component for switching theopeningdegreeof thesteam
governing valves 13 to the opening degree held in the
signal holder 52 during the transient event in the power
system. The signal holder 52 is a memory that stores the
value included in the steam-governing-valve opening-
degree command-signal 101.
[0049] In thismanner, the openingdegreeat the timeof
the occurrence of the transient event in the power system
is held in the signal holder 52. Thus, during the transient
event in the power system, the opening degree of the
steam governing valves 13 can be maintained at the
opening degree at the time of the occurrence of the
transient event in the power system on the basis of the
opening degree held in the signal holder 52.
[0050] When the steam-governing-valve opening-de-
gree correction-command signal 107 is off, the switch 51
outputs the speed load control signal 100normally.When
the steam-governing-valve opening-degree correction-
command signal 107 is on, the value at the time of the
occurrence of the transient event in the power system
held in the signal holder 52 is outputted as the steam-
governing-valve opening-degree command-signal 101.
[0051] When the reset of the steam-governing-valve
opening-degree correction control is determined by a
steam-governing-valve opening-degree correction con-
trol reset circuit 60, a steam-governing-valve opening-
degree correction-command reset signal 108 is out-
putted from the steam-governing-valve opening-degree
correction control reset circuit 60 and the output of the
steam-governing-valve opening-degree correction-com-
mand signal 107 is turned off.
[0052] The reset of the steam-governing-valve open-
ing-degree correction control is performed by the steam-
governing-valve opening-degree correction control reset
circuit 60 as shown in Fig. 2.When the steam-governing-
valve opening-degree correction control is continued
until the vibration of the turbine rotation speed is settled,
as one aspect of the reset condition of the steam-govern-
ing-valve opening-degree correction-command signal
107, there is a conceivable method in which the
power-system transient-event detection-signal 106 is
turned off and the steam-governing-valve opening-de-
gree correction-command reset signal 108 is outputted
after determining settling of the turbine speed. As a
method for detecting the settling of the turbine speed,
for example, it is conceivable to: perform threshold de-
termination of the peak value of damping vibration due to
the transient event of turbine speed; determine whether
the peak value is no longer observed or not; and perform
thresholddeterminationof deviationof theabsolutevalue
of vibration per unit time.
[0053] If the steam-governing-valve opening-degree
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correction control is switched to the normal control during
vibration of the turbine rotation speed, the steam govern-
ing valves 13 may tend to close. However, the steam
governing valve opening-degree correction control is
reset after settling the vibration of the turbine rotation
speed, which avoids the event that the steam governing
valve 13 tends to close, and thus the decrease in steam
amount available at the time of restoration of the active
power can be avoided.
[0054] In other words, the maintenance of the opening
degree of the steam governing valves 13 by the opening-
degree correction unit 110 is completed when both of the
restoration of the power system from the transient event
and the settling of the rotation speeds of the steam
turbines 18 and 19 are fulfilled. In this manner, when
both of the restoration of the power system from the
transient event and the settling of the rotation speeds
of the steam turbines 18 and 19 are satisfied, the system
can be returned to the normal control.
[0055] The effects of the first embodiment will be de-
scribed by using the timing chart shown in Fig. 3A to Fig.
3J. Fig. 3A is a timing chart showing the power-system
transient-event detection-signal 106. Fig. 3B is a timing
chart showing the steam-governing-valve opening-de-
gree correction-command signal 107. Fig. 3C is a timing
chart showing the turbine rotation speed. Fig. 3D is a
timing chart showing the speed load control signal 100.
Fig. 3E is a timing chart showing the steam-governing-
valve opening-degree command-signal 101. Fig. 3F is a
timing chart showing the opening degree of the steam
governing valves13. Fig. 3G is a timing chart showing the
opening degree of the intercept valves 14. Fig. 3H is a
timing chart showing the bypass-valve open permission
signal 104. Fig. 3I is a timing chart showing the opening
degree of the bypass valve 15. Fig. 3J is a timing chart
showing thepressureof thesteamgenerator 16. InFig. 3,
T1 indicates the time point at which the transient event in
the power system occurs, T2 indicates the time point at
which the power system is restored from the transient
event, andT3 indicates the timepoint atwhich the steam-
governing-valve opening-degree correction-command is
reset.
[0056] When the transient event in the power system
occurs, the intercept valves 14 are rapidly closed (Fig.
3G). Although the turbine speed once rises due to the
occurrence of the transient event in the power system,
the turbine speed begins to fall because steam is not
supplied to the low-pressure turbine due to the rapid
closure of the intercept valves 14. Further, though the
intercept valves 14 are closed, the turbine speed vibrate
so as to converge to the rated output (Fig. 3C) because
thepower system is restored from the transient event and
the load is returned. Note that the pressure of the moist-
ure separation heaters 17 temporarily rises due to the
closing of the intercept valves 14.
[0057] Although vibration of the turbine rotation speed
(Fig. 3C) is the cause of making the steam governing
valves 13 tend to close at the time of occurrence of the

transient event in the power system, the steam-govern-
ing-valve opening-degree correction-command signal
107 is outputted, and thus the speed load control signal
100 (Fig. 3 D) in accordance with the vibration of the
turbine rotation speed is excluded from the input of the
steam-governing-valve opening-degree command-sig-
nal 101. Hence, the steam-governing-valve opening-de-
gree command-signal 101maintains the valueat the time
of the occurrence of the transient event in the power
system (Fig. 3E).
[0058] Consequently, the opening degree of the steam
governing valves 13 is also maintained at the predeter-
minedopeningdegreeat the timeof theoccurrenceof the
transient event in the power system (Fig. 3F).
[0059] In the first embodiment, during the transient
event in the power system, the opening degree of the
steam governing valves is maintained at the value at the
time of the occurrence of the transient event in the power
system without being affected by the vibration of the
turbine rotation speed. Thus, decrease in steam amount
at the time of restoration of the power system from the
transient event can be avoided.
[0060] In addition, the pressure of the steamgenerator
16 ismaintainedat the value at the timeof the occurrence
of the transient event in the power system (Fig. 3J). Thus,
the disturbance to the systemdue to the fluctuation of the
steampressure can be suppressed asmuch as possible.
Further, with the reset of the steam-governing-valve
opening-degree correction-command signal 107, the
steam-governing-valve opening-degree command-sig-
nal 101 restarts the normal control by the speed load
control signal 100.
[0061] Since the turbine rotation speed continues to
vibrate even after the steam-governing-valve opening-
degree correction command is reset in the case shown in
Fig. 3, the steam governing valves 13 repeatedly open
and close a little after shifting to the normal control by the
speed load control signal 100.
[0062] Next, as a comparative example, a description
will be given of a case where the opening-degree of the
steam governing valves 13 is adjusted and the bypass
valve 15 is operated during the transient event in the
power system without performing the opening-degree
correction control, by using the timing chart shown in
Fig. 13. Fig. 13 is a timing chart illustrating the opening-
degree operation of the steam governing valves 13, the
bypass valve 15, and the intercept valves 14 when the
transient event in the power system occurs in the pres-
surizedwater nuclear power plant 1A as the comparative
example.
[0063] Fig. 13A is a timing chart showing the power-
system transient-event detection-signal 106. Fig. 13B is
a timing chart showing the turbine rotation speed. Fig.
13C is a timing chart showing the speed load control
signal 100 and the steam-governing-valve opening-de-
gree command-signal 101. Fig. 13D is a timing chart
showing the opening degree of the steam governing
valves 13. Fig. 13E is a timing chart showing the opening
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degree of the intercept valves 14. Fig. 13F is a timing
chart showing the bypass-valve open permission signal
104. Fig. 13G is a timing chart showing the opening
degree of the bypass valve 15. Fig. 13H is a timing chart
showing the pressure of the steam generator 16. In Fig.
13, T1 indicates the time point at which the transient
event in the power system occurs and T2 indicates the
time point at which the power system is restored from the
transient event.
[0064] When the transient event in the power system
occurs at T1, the early valve actuating control circuit 12
operates so as to rapidly close the intercept valves 14
(Fig. 13E). At this time, the amount of the steam flowing
into the low-pressure turbine 19 is temporarily greatly
reduced.
[0065] Generally, the opening-degree control based
on the steam-governing-valve opening-degree com-
mand-signal 101 is continued for the steam governing
valves 13, similarly to the normal control. Immediately
after the turbine early valve actuating control, deviation
occurs between the turbine rotation speed and the tur-
bine speed setting value in the rotation-speed setter 29
due to the vibration of the turbine rotation speed (Fig.
13B). Thus, the opening-degree control of the steam
governing valves 13 is performed on the basis of the
speed load control signal 100 and the steam-governing-
valve opening-degree command-signal 101 (Fig. 13C)
according to the turbine rotation speed.
[0066] However, due to the mechanical design for
rapidly closing the steam governing valves 13 as a pro-
tective action, the closing speed of the valves is faster
than the opening speed. Thus, the opening degree of the
steamgoverning valves 13 tends to be closed (Fig. 13D).
[0067] Since the turbine load suddenly changes due to
the occurrence of the transient event in the power sys-
tem, the bypass-valve open permission signal 104 is
outputted and the bypass valve 15 is opened (Fig. 13F
and Fig. 13G), which causes the steam before entering
the high-pressure turbine 18 to flow out to the condenser
21. For safety design, the bypass valve 15 is designed to
beopened rapidly.Thus, as to theeffect on thesteamflow
rate, increase in flow rate by opening the bypass valve 15
is larger than decrease in flow rate by closing the steam
governing valves 13. Hence, the amount of the steam
flowing out from the steam generator 16 increases and
the pressure of the steam generator 16 decreases (Fig.
13H). This reduces the amount of the steam flowing into
the high-pressure turbine 18 at the time of the restoration
of the power plant from the transient event (T2). Conse-
quently, the output of active power cannot be maintained
after the restoration of the power system from the tran-
sient event.
[0068] Contrastively, according to the present embodi-
ment, the pressure of the steam generator 16 is main-
tained as shown in Fig. 3J, and thus the output of active
power can be maintained immediately after the restora-
tion of the power system from the transient event.
[0069] The control system of the present embodiment

includes hardware resources such as a processor and a
memory and is configured as a computer in which in-
formation processing by software is achieved with the
use of the hardware resources by causing the CPU to
execute various programs. Further, the method for con-
trolling the steam governing valves 13 of the power
generationplant 1of thepresent embodiment is achieved
by causing the computer to execute the various pro-
grams.
[0070] Next, the processing to be executed by the
control system10will be described byusing the flowchart
of Fig. 4. This processing is repeated at regular intervals.
When this processing is repeated, the control method for
the steam governing valves 13 of the power generation
plant 1 isexecutedby thecontrol system10.Note that this
processing may be interrupted and executed while the
control system 10 is executing other main processing.
[0071] First, in the step S11, the control system 10
determines whether the opening-degree correction unit
110 is maintaining the opening degree of the steam
governing valves 13 at the opening degree at the time
of the occurrence of the transient event in the power
system or not. If the opening-degree correction unit
110 is maintaining the opening degree of the steam
governing valves 13 at the opening degree at the time
of the occurrence of the transient event in the power
system (YES in the step S11), the processing proceeds
to the step S15 described below. Conversely, if the open-
ing-degree correction unit 110 is not maintaining the
opening degree of the steam governing valves 13 at
the opening degree at the time of the occurrence of the
transient event in the power system (NO in the step S11),
the processing proceeds to the step S12.
[0072] In the step S12, the control system 10 deter-
mines whether the transient event in the power system is
detected by the power-system transient-event detector
48 or not. If the transient event in the power system is
detected (YES in the step S12), the processing proceeds
to the step S16 described below. Conversely, if the tran-
sient event in the power system is not detected (NO in the
step S12), the processing proceeds to the step S13.
[0073] In the step S13, the control system 10 adjusts
the opening degree of the steam governing valves 13 by
the steam-governing-valve opening-degree command-
signal 101.
[0074] In the next step S14, the signal holder 52 holds
the steam-governing-valve opening-degree command-
signal 101, and then the processing is completed.
[0075] In the step S15, the control system 10 deter-
mines whether the reset conditions are satisfied or not.
The reset conditions are that the power system is re-
stored from the transient event and the turbine speed is
settled. If the reset conditions are satisfied (YES in the
step S15), the processing proceeds to the step S17
described below. Conversely, if the reset conditions are
not satisfied (NO in the step S15), the processing pro-
ceeds to the step S16.
[0076] In the stepS16, the control system10maintains
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the opening degree of the steam governing valves 13 at
the opening degree at the time of the occurrence of the
transient event in thepower systembyusing theopening-
degree correction unit 110, and then the processing is
completed.
[0077] In the step S17, the control system 10 adjusts
the opening degree of the steam governing valves 13 by
the steam-governing-valve opening-degree command-
signal 101, and then the processing is completed.

(Second Embodiment)

[0078] Next, a description will be given of the control
system10 for the steamgoverning valves13of the power
generation plant 1 according to the second embodiment
by referring to Fig. 5 to Fig. 7. The same reference signs
are assigned to the same components as the above-
described embodiment, and duplicate description is
omitted.
[0079] Fig. 6A is a timing chart showing the power-
system transient-event detection-signal 106. Fig. 6B is a
timing chart showing the steam-governing-valve open-
ing-degree correction-command signal 107. Fig. 6C is a
timing chart showing the turbine rotation speed. Fig. 6D is
a timing chart showing the speed load control signal 100
and the steam-governing-valve opening-degree com-
mand-signal 101. Fig. 6E is a timing chart showing the
openingdegreeof thesteamgoverningvalves13.Fig. 6F
is a timing chart showing the opening degree of the
intercept valves 14. Fig. 6G is a timing chart showing
thebypass-valveopenpermissionsignal 104.Fig. 6H is a
timing chart showing the opening degree of the bypass
valve 15. Fig. 6I is a timing chart showing the pressure of
the steam generator 16. In Fig. 6, T1 indicates the time
point at which the transient event in the power system
occurs, T2 indicates the time point at which the power
system is restored from the transient event, and T3
indicates the time point at which the steam-governing-
valve opening-degree correction-command is reset.
[0080] In the second embodiment, the opening speed
and closing speed of the steam governing valves 13 are
matched during the steam-governing-valve opening-de-
gree correction control. This control corrects the differ-
ence in opening/closing speed that causes the steam
governing valves 13 to tend to close.
[0081] Normally, the closing speed of the steam gov-
erning valves 13 is faster than the opening speed of the
steamgoverning valves13.Asamethod formatching the
opening speedand closing speedof the steamgoverning
valves 13, there are conceivable methods of: multiplying
the steam-governing-valve opening-degree command-
signal 101 by a gain with the use of an opening-degree
correction unit 111; and correcting the output of the servo
valve 35 that drives the steam governing valves 13.
[0082] Although the closing speed of the steam gov-
erning valves 13 is faster than opening speed of the
steam governing valves 13, the opening-degree correc-
tion unit 111 of the second embodiment performs correc-

tion processing by which the closing speed of the steam
governing valves 13 is brought close to the opening
speed, during the transient event in the power system.
In other words, the opening-degree correction unit 111
performs correction processing so as to slow down the
closing speed of the steam governing valves 13. In this
manner, the opening degree of the steam governing
valves 13, which operates in the direction of closing
during the transient event in the power system, can be
maintained to substantially same as the opening degree
at the time of the occurrence of the transient event in the
power system.
[0083] At this time, speed control is performed on the
steam governing valves 13 on the basis of on the steam-
governing-valve opening-degree command-signal 101
(Fig. 6D) that is depending on the vibration of the turbine
rotation speed (Fig. 6C). However, the above-described
opening-degree correction unit 111 is used to make the
opening speed and the closing speed of the steam gov-
erning valves 13 the same, so that the steam governing
valves 13 are controlled so as to be near the predeter-
mined opening degree (Fig. 6E). Thus, the opening de-
gree of the steam governing valves 13 can be corrected
so as to be near the predetermined opening degreewhile
the speed control is being maintained.
[0084] In the second embodiment, the speed control
for the vibration of the turbine rotation speed is per-
formed, and thus, the opening degree of the steam
governing valves 13 is controlled so as to be near the
predetermined opening degree. Although the amount of
steam used at the time of restoration of active power is
reduced in the conventional technique, in the second
embodiment, the reduction in the amount of steam can
be avoided.
[0085] Next, the processing to be executed by the
control system10will be described byusing the flowchart
of Fig. 7. This processing is repeated at regular intervals.
When this processing is repeated, the control method for
the steam governing valves 13 of the power generation
plant 1 isexecutedby thecontrol system10.Note that this
processing may be interrupted and executed while the
control system 10 is executing other main processing.
[0086] First, in the step S21, the control system 10
determines whether the opening-degree correction unit
111 is correcting the closing speed of the steam govern-
ing valves 13 or not. If the opening-degree correction unit
111 is correcting the closing speed of the steam govern-
ing valves 13 (YES in the step S21), the processing
proceeds to the step S24 described below. Conversely,
If the opening-degree correction unit 111 is not correcting
the closing speed of the steam governing valves 13 (NO
in thestepS21), theprocessingproceeds to thestepS22.
[0087] In the step S22, the control system 10 deter-
mines whether the transient event in the power system is
detected by the power-system transient-event detector
48 or not. If the transient event in the power system is
detected (YES in the step S22), the processing proceeds
to the step S25 described below. Conversely, if the tran-
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sient event in the power system is not detected (NO in the
step S22), the processing proceeds to the step S23.
[0088] In the step S23, the control system 10 adjusts
the opening degree of the steam governing valves 13 by
the steam-governing-valve opening-degree command-
signal 101, and then the processing is completed.
[0089] In the step S24, the control system 10 deter-
mines whether the reset conditions are satisfied or not.
The reset conditions are that the power system is re-
stored from the transient event and the turbine speed is
settled. If the reset conditions are satisfied (YES in the
step S24), the processing proceeds to the above-de-
scribed step S23. Conversely, if the reset conditions
are not satisfied (NO in the step S24), the processing
proceeds to the step S25.
[0090] In the step S25, the control system 10 corrects
the closing speed of the steam governing valves 13 by
using the opening-degree correction unit 111, and then
the processing is completed.

(Third Embodiment)

[0091] Next, a description will be given of the control
system10 for the steamgoverning valves13of the power
generation plant 1 according to the third embodiment on
the basis of Fig. 8 and Fig. 9 by referring to Fig. 3 as
required. The same reference signs are assigned to the
same components as the above-described embodi-
ments, and duplicate description is omitted.
[0092] In the configurations shown in Fig. 2 and Fig. 5,
there is a possibility that the bypass valve 15 openswhile
the steam-governing-valve opening-degree correction-
command signal 107 is being outputted. However, in the
configuration shown in Fig. 8, the bypass-valve open
permission signal 104 is forcibly controlled to be off while
the steam-governing-valve opening-degree correction-
command signal 107 is being outputted. That is, the
bypass-valve open permission signal 104 is disabled
(invalidated).
[0093] The configuration of the third embodiment in-
cludesabypass-valve full-closing control-circuit 113 con-
figured to disable the signal of controlling the bypass
valve 15, which is to be opened when the steam before
entering the turbines 18 and 19 is bypassed to the con-
denser 21, during the transient event in the power sys-
tem.
[0094] With such a configuration, the bypass valve 15
is maintained in the fully closed state even at the time of
the occurrence of the transient event in the power system
(Fig. 3H and Fig. 3I). Thus, the steam outflow to the
condenser 21 can be prevented. Further, the pressure
of thesteamgenerator 16 ismaintainedat thevalueat the
time of the occurrence of the transient event in the power
system (Fig. 3 J). In other words, the closed state of the
bypass valve can be maintained during the transient
event in the power system, and thus, decrease in amount
of the steam flowing into the turbines 18 and 19 can be
prevented. This configuration can avoid decrease in

amount of the steam available at the time of restoration
of active power after the restoration of the power system
from the transient event.
[0095] Further, as shown in Fig. 8, steamoutflow to the
condenser 21 can be avoided by forcibly turning off the
bypass-valve open permission signal 104. When it is
necessary to avoid adverse effects such as pressure
increase in the steam generator 16, pressure control of
the steam generator 16 can also be performed by con-
trolling theopeningdegreeof the steamgoverning valves
13 with the bypass valve 15 fully closed.
[0096] As one aspect of the pressure control method
for thesteamgenerator16, there isaconceivablemethod
in which an open bias is provided in the steam governing
valves 13 by using an adder 54 for adding a predeter-
mined value having been set in a pressure control setter
53 to the steam-governing-valve opening-degree com-
mand-signal 101. In the pressure control according to the
third embodiment, the pressure control setter 53 and the
adder 54 constitute a control adjustment circuit. This
control adjustment circuit is a part of the opening degree
correction unit in the third embodiment. The predeter-
mined value may be a pressure signal detected by a
pressure detector 24 or may be a value based on a
constant opening degree corresponding to opening of
the bypass valve.
[0097] Consequently, the above-describe configura-
tion can suppress the disturbance that adversely affects
the system, such as excessive pressure rise on the
equipment side for generating the steam, while avoiding
decrease in amount of the steam to be used at the time of
restoration of active power after restoration of the power
system from the transient event.
[0098] Although the bypass valve 15 is opened when
the steam before entering the high-pressure turbine 18 is
bypassed to the condenser 21, the closed state of the
bypass valve 15 is maintained during the transient event
in the power system in the third embodiment. Further, the
configuration of the third embodiment includes the con-
trol adjustment circuit for adjusting the control value that
controls the steam governing valves 13 on the basis of
the pressure of the steam generator 16 with the bypass
valve 15 kept closed. In thismanner, the steamgenerator
16 can be prioritized over the high-pressure turbine 18
during the transient event in the power system, so that its
soundness can be maintained.
[0099] The reset of the steam-governing-valve open-
ing-degree correction control is performed by the steam-
governing-valve opening-degree correction control reset
circuit 60 as shown in Fig. 8. When the steam governing
valve opening-degree correction control is continued
until the vibration of the turbine rotation speed is settled,
as reset conditions of the steam-governing-valve open-
ing-degree correction command signal 107, there is a
conceivable method of outputting the steam-governing-
valve opening-degree correction-command reset signal
108 when the power-system transient-event detection-
signal 106 is turned off and the settling of the turbine
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speed is determined by the turbine-speed settling detec-
tor 55. As amethod of causing the turbine-speed settling
detector 55 to detect the settling, for example, there are
conceivable methods of: (i) performing threshold deter-
mination on the peak value of damping vibration caused
by the transient event of turbine speed; (ii) determining
whether the peak value is no longer observed; and (iii)
performing threshold determination on the deviation of
the absolute value of vibration per unit time.
[0100] When it is switched from the steam-governing-
valve opening-degree correction control to the normal
control during the vibration of the turbine rotation speed,
there is a possibility that the steam governing valves 13
tend to close.However,when the steam-governing-valve
opening-degree correction control is reset after settling
the vibration of the turbine rotation speed, the event that
the steam governing valves 13 tend to close can be
avoided, and decrease in amount of steam available at
the time of restoration of active power can be avoided.
[0101] Additionally, the forced-off of the steam-govern-
ing-valve opening-degree correction control and the by-
pass-valve open permission signal 104 can be manually
switched on or off by an operator operating the manual
operation switch 56. As a result, the plant can be oper-
ated after the operator determines the necessity of the
steam-governing-valve opening-degree correction con-
trol and the bypass-valve full-closing maintenance con-
trol. The manual operation switch 56 is provided in the
operation unit 4 of the central control system 3.
[0102] In a period during which the steam-governing-
valve opening-degree correction-command signal 107 is
outputted, the operation monitoring display 57 can dis-
play that the forced off function of the steam-governing-
valve opening-degree correction control and the bypass-
valve open permission signal 104 is enabled. As a result,
when the steam-governing-valve opening-degree cor-
rection control and the bypass-valve full-closing main-
tenance control are activated, the operator can be in-
formed of it promptly, which contributes to improvement
in operation monitor ability. Incidentally, the operation
monitoring display 57 is provided on the display 5 of
the central control system 3.
[0103] When the opening degree of the steam govern-
ing valves 13 is maintained to substantially same as the
opening degree at the time of the occurrence of the
transient event in thepowersystem, thisdisplay5 informs
theoperator of the power generationplant 1 of the above-
described fact that the opening degree is maintained. In
this manner, the operator of the power generation plant 1
can be notified of the fact that the opening degree of the
steam governing valves 13 is maintained.
[0104] Next, a description will be given of the proces-
sing to be executed by the control system 10 of the
present embodiment in association with the bypass-
valve open permission signal 104, by using the flowchart
of Fig. 9. This processing is repeated at regular intervals.
When this processing is repeated, the control method for
the steam governing valves 13 of the power generation

plant 1 isexecutedby thecontrol system10.Note that this
processing may be interrupted and executed while the
control system 10 is executing other main processing.
[0105] First, in the step S31, the control system 10
determines whether the bypass-valve open permission
signal 104 is disabled by the bypass-valve full-closing
control-circuit 113 or not. If the bypass-valve open per-
mission signal 104 is disabled (YES in the step S31), the
processing proceeds to the step S34 described below.
Conversely, if the bypass-valve open permission signal
104 is not disabled (NO in the step S31), the processing
proceeds to the step S32.
[0106] In the step S32, the control system 10 deter-
mines whether the transient event in the power system is
detected by the power-system transient-event detector
48 or not. If the transient event in the power system is
detected (YES in the step S32), the processing proceeds
to the step S35 described below. Conversely, if the tran-
sient event in the power system is not detected (NO in the
step S32), the processing proceeds to the step S33.
[0107] In the step S33, the control system 10 validates
(enables) the bypass-valve open permission signal 104,
and then the processing is competed.
[0108] In the step S34, the control system 10 deter-
mines whether the reset conditions are satisfied or not.
The reset conditions are that the power system is re-
stored from the transient event and the turbine speed is
settled. If the reset conditions are satisfied (YES in the
stepS34), theprocessing is completed.Conversely, if the
reset conditionsarenot satisfied (NO in the stepS34), the
processing proceeds to the step S35.
[0109] In the step S35, the control system 10 disables
the bypass-valve open permission signal 104 by using
the bypass-valve full-closing control-circuit 113, and then
the processing is completed.

(Fourth Embodiment)

[0110] Next, a description will be given of the control
system10 for the steamgoverning valves 13of the power
generation plant 1 according to the fourth embodiment by
referring to Fig. 10 to Fig. 12. The same reference signs
are assigned to the same components as the above-
described embodiments, and duplicate description is
omitted. In the fourth embodiment, an embodiment in
the boilingwater nuclear power plant 1Bwill be described
below.
[0111] Fig. 10 illustrates a detailed configuration of the
normal control circuit 11 in the boiling water nuclear
power plant 1B. The same components as those in
Fig. 1 and Fig. 2 are denoted by the same reference
signs, and there is no change in the functions except the
matters described below.
[0112] During the rated operation in the boiling water
nuclear power plant 1B, the normal control circuit 11
performs reactor-pressure constant control with priority
over the turbine rotation speed control. When the turbine
speed is near the rated speed, opening-degree control of
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the steamgoverning valves 13 is performed such that the
reactor pressure is kept constant by controlling the re-
actor pressure. That is, control is performed on the basis
of the pressure control value that is changed in relation to
the reactor pressure.
[0113] When the turbine rotation speed become sig-
nificantly higher than the rotation-speed setter 29, the
control method of the steam governing valves 13 is
switched from the reactor pressure control to the turbine
rotation speed control and the valve opening degree is
controlled in the closing direction. At this time, the open-
ing degree of the bypass valve 15 is controlled in the
opening direction, and thereby the amount of the steam
flowing into the high-pressure turbine 18 and the con-
denser 21 is adjusted such that the reactor pressure is
controlled to a constant value. The detailed operation is
as follows.
[0114] The pressure detector 24 detects the pressure
in the steam generator 16 and outputs a detection signal
to a deviation calculator 27. The deviation calculator 27
subtracts the inputted detection signal and the pressure
setting value having been preset in a pressure setter 26,
and outputs a pressure deviation signal to amultiplier 38.
The multiplier 38 calculates the total steam-flow-rate
command-signal 105 by multiplying the pressure devia-
tion signal by a gain (i.e., reciprocal of the pressure
regulation rate).
[0115] This total steam-flow-rate command-signal 105
indicates the steamflow rate that is necessary to keep the
pressure of the steam generator 16 constant and is the
steam flow rate to be outputted from the reactor. A low
value selector 34 selects the signal having the lowest
value from the steam amount values when the turbine is
rotationally controlled by the speed represented by the
total steam-flow-ratecommand-signal 105and thespeed
load control signal 100, and then outputs the selected
signal as the steam-governing-valve opening-degree
command-signal 101. That is, of the speed control value
based on the rotation speed of the high-pressure turbine
18 and the pressure control value based on the pressure
of the steam generator 16, the lower value is selected so
that the steam governing valves 13 are controlled on the
basis of the selected lower value.
[0116] Further, the deviation calculator 39 calculates
the bypass-valve flow-rate command-signal 103 on the
basis of the deviation between the total steam-flow-rate
command-signal 105 and the steam-governing-valve
opening-degreecommand-signal 101.Thebypass-valve
flow-rate command-signal 103 is outputted to a servo
valve 40. The servo valve 40 changes the supply amount
of the control oil, and thereby the valve opening degree of
the bypass valve 15 is adjusted.
[0117] Next, a description will be given of a control
operation at the time of the rated operation in the boiling
water nuclear powerplant 1B.During the ratedoperation,
the value of the load setter 32 is generally set to a
predetermined value larger than the actual load such
that pressure control is prioritized. Further, in the low

value selector 34, the total steam-flow-rate command-
signal 105 is selected, and the reactor pressure control is
performed by adjusting the opening degree of the steam
governing valves 13.
[0118] At this time, the total steam-flow-rate command-
signal 105matches the steam-governing-valve opening-
degree command-signal 101, so the bypass-valve flow-
rate command-signal 103, which is the output of devia-
tion calculator 39, becomes zero. Thus, the bypass valve
15 is fully closed. However, when the turbine rotation
speed is excessively increased and the speed load con-
trol signal 100 outputted from the adder 33 is selected in
the low value selector 34, the opening degree of the
steamgoverning valves 13 is narrowed down and it shifts
to the turbine rotation speed control. That is, control
based on the speed control value is performed.
[0119] At this time, the decrement of steam amount
narrowed down by the steam governing valves 13 is
outputted from the deviation calculator 39 as the differ-
ence between the total steam-flow-rate command-signal
105 and the steam-governing-valve opening-degree
command-signal 101. Further, the bypass valve 15 is
controlled in the opening direction. In other words, ex-
cessive steam generated by narrowing down the steam
governingvalves13 ismade toflow into thecondenser21
via the bypass valve 15 in order to keep the reactor
pressure constant. In this manner, the reactor pressure
control is performed by the bypass valve 15. That is,
control based on the pressure control value is performed.
[0120] In the fourth embodiment, the steam-govern-
ing-valveopening-degreecorrectioncontrol isperformed
depending on the output of the steam-governing-valve
opening-degree correction-command signal 107 simi-
larly to the above-described embodiments.
[0121] In the fourth embodiment, as a control method
for the steam governing valves 13 when the turbine
rotationspeedsignificantly increasesduring the transient
event in the power system, the control based on the
reactor pressure control is performed without switching
it to the turbine rotation speed control. Further, the open-
ing degree of the steam governing valves 13 is corrected
soas to benear the predetermined openingdegree at the
time of the occurrence of the transient event in the power
system.
[0122] In thismanner, the systemcanavoid the closing
control of the steamgoverning valves 13 and the opening
control of the bypass valves 15, both of which is in
association with the increase in turbine rotation speed
at the time of the occurrence of the transient event in the
power system. The fourth embodiment obtains the same
effects as those of the above-described embodiments
and has the same functions except for the matters de-
scribed below.
[0123] In the fourth embodiment, even when the tur-
bine rotation speed is significantly increased, an open-
ing-degree correction unit 112 is provided for correcting
the input value selected as the steam-governing-valve
opening-degree command-signal 101. This opening-de-
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gree correction unit 112 includes a switch 58 and a bias
signal setter 59. In the fourth embodiment, the bias signal
setter 59 is a bias circuit that increases the speed control
value during the transient event in the power system.
[0124] In a period during which the steam-governing-
valve opening-degree correction-command signal 107 is
off, the switch 58outputs the value havingbeenset by the
loadsetter 32 to theadder 33. Inaperiodduringwhich the
steam-governing-valve opening-degree correction-com-
mand signal 107 is on, the switch 58 outputs a prede-
termined setting value having been set by the bias signal
setter 59 to the adder 33.
[0125] Asoneaspect of thesettingvalue tobeset in the
bias signal setter 59, there is a method of setting the
maximum value of the rotational speed that can be gen-
erated.
[0126] Fig. 11A is a timing chart showing the power-
system transient-event detection-signal 106.Fig. 11B isa
timing chart showing the steam-governing-valve open-
ing-degree correction-command signal 107. Fig. 11C is a
timing chart showing the turbine rotation speed. Fig. 11D
is a timing chart showing the output of the switch 58 for
load setting. Fig. 11E is a timing chart showing the speed
load control signal 100. Fig. 11F is a timing chart showing
the total steam-flow-rate command-signal 105. Fig. 11G
is a timing chart showing the steam-governing-valve
opening-degree command-signal 101. Fig. 11H is a tim-
ing chart showing the opening degree of the steam
governing valves 13. Fig. 11I is a timing chart showing
theopeningdegreeof the intercept valves14.Fig. 11J isa
timing chart showing the opening degree of the bypass
valve 15. Fig. 11K is a timing chart showing the pressure
of thesteamgenerator16. InFig. 11,T1 indicates the time
point at which the transient event in the power system
occurs, T2 indicates the time point at which the power
system is restored from the transient event, and T3
indicates the time point at which the steam-governing-
valve opening-degree correction-command is reset.
[0127] Since a predetermined setting value is out-
putted from the switch 58 at the time of the occurrence
of the transient event in the power system (Fig. 11D), the
speed load control signal 100 is always set to a value
larger than the total steam-flow-rate command-signal
105 (Fig. 11E and Fig. 11F).
[0128] The steam-governing-valve opening-degree
command-signal 101 isasignal that takes the lower value
of the speed load control signal 100 and the total steam-
flow-rate command-signal 105. Thus, also at the time of
the occurrence of the transient event in the power sys-
tem, the total steam-flow-rate command-signal 105 is
selected similarly to the normal control (Fig. 11G).
Further, the reactor pressure control is continued.Hence,
evenat the timeof theoccurrenceof the transient event in
the power system, the opening degree of the steam
governing valves 13 is maintained near the predeter-
mined opening degree (Fig. 11H).
[0129] Additionally, the total steam-flow-rate com-
mand-signal 105 is selected as the steam-governing-

valve opening-degree command-signal 101 in the steam
governing valve opening-degree correction control, and
thereby the bypass-valve flow-rate command-signal 103
becomes zero. Consequently, even at the time of the
occurrence of the transient event in the power system,
the bypass valve 15 ismaintained in the fully closed state
(Fig. 11J). Since steam outflow to the condenser 21 is
prevented, the reactor pressure can bemaintained at the
value at the time of occurrence of the transient event in
the power system (Fig. 11K) .
[0130] Next, as a comparative example, a description
will be given of a case where the opening-degree adjust-
ment of the steam governing valves 13 and the operation
of the bypass valve 15 are performed during the transient
event in the power system without performing the open-
ing-degree correction control, by using the timing chart
shown in Fig. 14. Fig. 14 shows a timing chart when the
transient event in the power system occurs in the boiling
water nuclear power plant 1B as a comparative example.
[0131] Fig. 14A is a timing chart showing the power-
system transient-event detection-signal 106. Fig. 14B is
a timing chart showing the turbine rotation speed. Fig.
14C is a timing chart showing the speed load control
signal 100. Fig. 14D is a timing chart showing the total
steam-flow-rate command-signal 105. Fig. 14E is a tim-
ing chart showing the steam-governing-valve opening-
degree command-signal 101. Fig. 14F is a timing chart
showing the opening degree of the steam governing
valves 13. Fig. 14G is a timing chart showing the opening
degree of the intercept valves 14. Fig. 14H is a timing
chart showing theopeningdegreeof thebypassvalve15.
Fig. 14I is a timing chart showing the pressure of the
steamgenerator 16. InFig. 14, T1 indicates the timepoint
at which the transient event in the power system occurs,
andT2 indicates the timepoint atwhich thepower system
is restored from the transient event.
[0132] Of the speed load control signal 100 (Fig. 14C)
and the total steam-flow-rate command-signal 105 (Fig.
14D), the signal having the lower value is selected as the
steam-governing-valve opening-degree command-sig-
nal 101 (Fig. 14E) in the boiling water nuclear power
plant 1B.
[0133] Immediately after starting the turbine early
valve actuating control from the occurrence (T1) of the
transient event in the power system, the speed load
control signal 100 is fluctuated (Fig. 14C) depending
on increase and vibration of the turbine rotation speed
(Fig. 14B).
[0134] When the turbine rotation speed is significantly
increased, the speed load control signal 100 (Fig. 14C)
has a smaller value than the total steam-flow-rate com-
mand-signal 105 (Fig. 14D). Thus, the speed load control
signal 100 is selected as the steam-governing-valve
opening-degree command-signal 101 (Fig. 14E) and
the steam governing valves 13 are controlled so as to
be closed (Fig. 14F).
[0135] In response to the closing control of the steam
governing valves 13, the bypass valve 15 is controlled so
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as to open by the control based on the reactor pressure
(Fig. 14H). Further, the steam before flowing into the
high-pressure turbine 18 is discharged to the condenser
21, and the pressure of the steam generator 16 and the
pressure of the reactor are reduced (FIG. 14I). Thus, at
the time of restoration from the transient event (T2), the
amount of the steam flowing into the high-pressure tur-
bine 18 is reduced. With this reduced steam flow, the
output of active power cannot be maintained after the
restoration of the power system from the transient event.
[0136] In the fourth embodiment, even when the tur-
bine rotation speed increases at the time of the occur-
rence of the transient event in the power system, the
reactor pressure control is continued by the steam gov-
erning valves 13, the opening degrees of both of the
steam governing valves 13 and the bypass valve 15
are controlled so as to be near the opening degree at
the time of the occurrence of the transient event in the
power system.Thus, in the fourth embodiment, decrease
in amount of steam to be used at the time of restoration of
active power can be avoided and disturbance to the
system such as increase in steam pressure can be
suppressed. Further, the reactor pressure control can
be continued, and thus, stable and highly accurate con-
trol of the reactor pressure can be realized.
[0137] In the fourth embodiment, even during the tur-
bine early valve actuating control, the reactor pressure
control is prioritized, the steam governing valves 13 keep
the predetermined opening degree and the bypass valve
15 keeps the fully closed state, which prevent steam
outflow to the condenser 21. When the reactor pressure
vessel is adversely affected, the opening degree of the
steam governing valves 13 is adjusted and the pressure
of the reactor pressure vessel is controlled under the
state where the bypass valve 15 is fully closed. This
control enables the system to: secure the amount of
steam to be used at the time of the restoration of active
power after the restoration of the power system from the
transient event; and suppress disturbance that adversely
affects the system, such as pressure fluctuation on the
steam generator side.
[0138] In this manner, even when the turbine speed
increases during the transient event in the power system,
the pressure control value based on the pressure of the
steam generator 16 has priority over the speed control
value based on the rotation speed of the turbines 18 and
19, and is used for controlling the steamgoverning valves
13. Thus, the pressure of the steam generator 16 can be
maintained appropriately. The closed state of the bypass
valve 15, which is to be opened when the steam before
being flowing into the turbine 18 is bypassed to the
condenser 21, can be maintained.
[0139] Next, the processing to be executed by the
control system10will be described byusing the flowchart
of Fig. 12. This processing is repeated at regular inter-
vals.When this processing is repeated, the control meth-
od for the steam governing valves 13 of the power gen-
eration plant 1 is executed by the control system10.Note

that this processing may be interrupted and executed
while the control system 10 is executing other main
processing.
[0140] First, in the step S41, the control system 10
determines whether the correction for increasing the
speed control value is performed by the opening-degree
correction unit 112 or not. If the correction for increasing
the speed control value is performed by the opening-
degree correction unit 112(YES in the step S41), the
processing proceeds to the step S44 described below.
Conversely, if the correction for increasing the speed
control value is not performed by the opening-degree
correction unit 112 (NO in the step S41), the processing
proceeds to the step S42.
[0141] In the step S42, the control system 10 deter-
mines whether the transient event in the power system is
detected by the power-system transient-event detector
48 or not. If the transient event in the power system is
detected (YES in the step S42), the processing proceeds
to the step S45 described below. Conversely, if the tran-
sient event in the power system is not detected (NO in the
step S42), the processing proceeds to the step S43.
[0142] In the step S43, the control system 10 adjusts
the opening degree of the steam governing valves 13 by
the steam-governing-valve opening-degree command-
signal 101, and then the processing is completed.
[0143] In the step S44, the control system 10 deter-
mines whether the reset conditions are satisfied or not.
The reset conditions are that the power system is re-
stored from the transient event and the turbine speed is
settled. If the reset conditions are satisfied (YES in the
step S44), the processing proceeds to the above-de-
scribed step S43. Conversely, if the reset conditions
are not satisfied (NO in the step S44), the processing
proceeds to the step S45.
[0144] In the step S45, the control system 10 performs
the correction for increasing the speed control value by
using theopening-degreecorrectionunit 112. Thereafter,
the processing proceeds to the above-described step
S43.
[0145] Although "the control system for the steam
governing valve of the power generation plant" according
to the possible embodiments has been described on the
basis of the first to fourth embodiments, the configuration
applied in any one of the embodimentsmay be applied to
other embodiments and the configurations applied in
each embodiment may be used in combination.
[0146] For example, though the bypass-valve full-clos-
ing control-circuit 113 disables the signal of controlling
the bypass valve 15 during the transient event in the
power system in the third embodiment as described
above, this configuration of the bypass-valve full-closing
control-circuit 113 in the third embodiment may be ap-
plied to the first and second embodiments. The config-
urations of the operation monitoring display 57 and the
manual operation switch 56 of the third embodimentmay
be applied to the first, second, and fourth embodiments.
[0147] Althoughamode inwhicheach step is executed
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in series is illustrated in the flowcharts of the present
embodiment, the execution order of the respective steps
is not necessarily fixed and the execution order of part of
the stepsmay be changed. Additionally, some stepsmay
be executed in parallel with another step.
[0148] The control system of the present embodiment
includes a storage device such as a ROM (Read Only
Memory) and a RAM (Random Access Memory), an
external storage device such as an HDD (Hard Disk
Drive) and an SSD (Solid State Drive), a display device
such as a display panel, an input device such as amouse
and a keyboard, a communication interface, and a con-
troller which has a highly integrated processor such as a
special-purpose chip, an FPGA (Field Programmable
Gate Array), a GPU (Graphics Processing Unit), and a
CPU (Central Processing Unit). The control system can
be achieved by hardware configuration with the use of a
normal computer.
[0149] Note that each program executed in the control
system of the present embodiment is provided by being
incorporated in a memory such as a ROM in advance.
Additionally or alternatively, each program may be pro-
vided by being stored as a file of installable or executable
format in a non-transitory computer-readable storage
medium such as a CD-ROM, a CD-R, a memory card,
a DVD, and a flexible disk (FD).
[0150] In addition, each program executed in the con-
trol systemmay be stored on a computer connected to a
network such as the Internet and be provided by being
downloaded via a network. Further, the control system
canalso be configuredby interconnecting and combining
separate modules, which independently exhibit respec-
tive functions of the components, via a network or a
dedicated line.
[0151] The control system 10 includes a restoration
determination unit configured to determine whether the
power system is restored from the generated transient
event within 1 second or not. If the power system is not
restored from the transient event within 1 second, the
power systemmay be configured such that the opening-
degree correction units 110, 111, 112 do not correct the
opening degree of the steam governing valves 13. Ad-
ditionally, if the power system is not restored from the
transient event within 1 second, the bypass valve 15may
be opened or power generation of the power generation
plant 1 may be stopped. Although the description has
beengivenof the casewhere it is determinedwhether the
restoration is completed within 1 second or not (i.e., 1
second is used as the determination threshold value), a
predetermined time shorter than 1 second may be set as
the determination threshold value.
[0152] According to at least one embodiment as de-
scribed above, the opening-degree correction unit is
provided formaintaining theopeningdegreeof thevalves
to substantially sameas theopeningdegreeat the timeof
the occurrence of the transient event in the power system
during the transient event, and thus, output of active
power can be maintained after the restoration of the

power system from the transient event.

Claims

1. A control system (10) for a steam governing valve
(13) of a power generation plant (1, 1A, 1B), the
control system (10) comprising:

a transient-event detector (48) configured to
detect occurrenceof a transient event in apower
system; and
an opening-degree correction unit (110, 111,
112) configured to maintain an opening degree
of a steam governing valve (13), to substantially
thesamedegreeas theopeningdegreeata time
of the occurrence of the transient event in the
power system during the transient event in the
power system, the steam governing valve (13)
being configured to adjust amount of steam
flowing into a steam turbine (18, 19),
the control system further comprising a restora-
tion determining unit which is configured to de-
termine whether power is restored from the
transient event within a determination threshold
value, wherein the opening degree correction
unit is configured to not maintain the opening
degree of the steam governing valve (13), at
substantially the same degree as the opening
degree at the time of the occurrence of the
transient event,when the transient event is long-
er than the determination threshold value, and
wherein the determination threshold value is 1
second or less.

2. The control system (10) for a steam governing valve
(13) of a power generation plant (1A) according to
claim 1, wherein the opening-degree correction unit
(110) is configured tomaintain the opening degree of
the steam governing valve (13) at the opening de-
greeat a timeof theoccurrenceof the transient event
in the power system, during the transient event in the
power system.

3. The control system (10) for a steam governing valve
(13) of a power generation plant (1A) according to
claim 2, wherein the opening-degree correction unit
(110) includes:

a holder (52) configured to hold information in-
dicating the opening degree of the steam gov-
erning valve (13); and
a switch (51) configured to switch the opening
degree of the steam governing valve (13) to the
opening degree held by the holder (52) during
the transient event in the power system, the
opening degree held by the holder (52) being
theopeningdegreeata timeof theoccurrenceof
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the transient event in the power system.

4. The control system (10) for a steam governing valve
(13) of a power generation plant (1A) according to
claim 1, wherein the opening-degree correction unit
(111) is configured to perform correction to bring a
closing speed of the steam governing valve (13)
closer to an opening speed of the steam governing
valve (13) during the transient event in the power
system, the closing speed being faster than the
opening speed.

5. The control system (10) for a steam governing valve
(13) of a power generation plant (1A) according to
any one of claim 1 to claim 4, further comprising a
bypass-valve full-closing control-circuit (113) config-
ured to disable a signal of controlling a bypass valve
(15) during the transient event in the power system,
wherein the bypass valve (15) in normal operation is
configured to be opened when steam is bypassed to
a condenser (21) before flowing into the steam tur-
bine (18, 19).

6. The control system (10) for a steam governing valve
(13) of a power generation plant (1B) according to
claim 1, wherein:

the steam governing valve (13) is controlled
according to a lower value of a signal according
to either: a speedcontrol signal (100) basedona
rotation speed of the steam turbine and a pres-
sure control value based on pressure of a steam
generator, wherein the lower value for the steam
flow rate is selected; and
the opening-degree correction unit (112) in-
cludes a bias circuit that increases the speed
control value during the transient event in the
power system.

7. The control system (10) for a steam governing valve
(13) of a power generation plant (1B) according to
any one of claim 1 to claim 6, wherein:

a closed state of a bypass valve (15) is main-
tained during the transient event in the power
system, the bypass valve (15) in normal opera-
tion is configured to be opened when steam is
bypassed to a condenser before flowing into the
steam turbine (18, 19); and
the opening-degree correction unit (112) is con-
figured to adjust a control value for controlling
the steam governing valve (13) based on pres-
sure of a steam generator under a state where
the closed state of the bypass valve (15) is
maintained.

8. The control system (10) for a steam governing valve
(13) of a power generation plant (1A, 1B) according

to any one of claim 1 to claim 7, wherein maintaining
of the opening degree of the steam governing valve
(13) by the opening-degree correction unit (110, 111,
112) is completed when both of restoration of the
power system from the transient event and settling of
a rotation speed of the steam turbine (18, 19) are
satisfied.

9. The control system (10) for a steam governing valve
(13) of a power generation plant (1, 1A, 1B) accord-
ing toanyoneof claim1 to claim8, further comprising
an operation unit (4) that can be operated by an
operator of the power generation plant (1, 1A, 1B),
wherein on/off switching control of maintaining the
opening degree of the steam governing valve (13) to
substantially sameas theopeningdegreeat a timeof
the occurrence of the transient event in the power
system is performed based on an operation on the
operation unit (4).

10. The control system (10) for a steam governing valve
(13) of a power generation plant (1, 1A, 1B) accord-
ing toanyoneof claim1 to claim9, further comprising
a display (5),
wherein, when the opening degree of the steam
governing valve (13) is maintained to substantially
same as the opening degree at a time of occurrence
of the transient event in the power system as a
maintenance state by theopening-degree correction
unit (110, 111, 112), the display (5) is configured to
notify an operator of the power generation plant (1,
1A, 1B) of the maintenance state.

11. A power generation plant (1, 1A, 1B) comprising the
control system (10) for a steam governing valve (13)
according to any one of claim 1 to claim 10, wherein
the power generation plant (1, 1A, 1B) comprises:

a steam generator (16) configured to generate
steam;
a high-pressure turbine (18) configured as a
steam turbine into which steam generated in
the steam generator (16) flows;
the steam governing valve (13) configured to
adjust amount of steam flowing into the high-
pressure turbine (18) from the steam generator
(16);
a low-pressure turbine (19) into which steam
discharged from the high-pressure turbine
(18) and lower in pressure than steam flowing
into the high-pressure turbine (18) flows;
a generator (20) configured to generate electri-
city by rotational force of the high-pressure tur-
bine (18) and the low-pressure turbine (19);
a condenser (21) configured to condense steam
to be discharged from the low-pressure turbine
(19);
a bypass valve (15) configured to be opened
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when steam is bypassed to the condenser (21)
before flowing into the high-pressure turbine
(18); and
wherein the control system (10) that controls at
least the steamgoverning valve (13) includesan
early valve actuating control circuit (12) and a
normal control circuit (11) configured to control
the steam governing valve (13) during a normal
operation,
wherein the early valve actuating control circuit
(12) is providedwith the opening-degree correc-
tion unit (110, 111, 112) and is configured to
control the steam governing valve (13) during
the transient event having a period within 1
second from occurrence to restoration in the
power system.

12. A method for controlling a steam governing valve
(13) of a power generation plant (1, 1A, 1B) compris-
ing:

detecting occurrence of a transient event in a
power system; and
maintaining an opening degree of a steam gov-
erning valve (13) to substantially the same de-
gree as the opening degree at a time of the
occurrence of the transient event in the power
system during the transient event in the power
system, the steam governing valve (13) being
configured to adjust amount of steam flowing
into a steam turbine (18, 19)
the method being further configured to deter-
mine whether power is restored from the tran-
sient event within a determination threshold va-
lue, and to not maintain the opening degree of
the steam governing valve (13), to substantially
the same degree as the opening degree at the
time of the occurrence of the transient event,
when the transient event is longer than the de-
termination threshold value, and wherein the
determination threshold value is 1 second or
less.

Patentansprüche

1. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1, 1A, 1B),
wobei das Steuerungssystem (10) Folgendes um-
fasst:

einenÜbergangsereignisdetektor (48), der kon-
figuriert ist, um das Auftreten eines Übergangs-
ereignisses ineinemStromsystemzuerkennen;
und
eine Öffnungsgrad-Korrektureinheit (110, 111,
112), die konfiguriert ist, umeinenÖffnungsgrad
eines Dampfregelungsventils (13) auf im We-

sentlichendemgleichenGradwiederÖffnungs-
grad zu einer Zeit des Auftretens des Über-
gangsereignisses in dem Stromsystem wäh-
rend des Übergangsereignisses in dem Strom-
system beizubehalten, wobei das Dampfrege-
lungsventil (13) konfiguriert ist, um eine Menge
von in eine Dampfturbine (18, 19) strömendem
Dampf einzustellen,
wobei das Steuerungssystem ferner eine Wie-
derherstellungsbestimmungseinheit umfasst,
die konfiguriert ist, um zu bestimmen, ob Strom
aus dem Übergangsereignis innerhalb eines
Bestimmungsschwellenwertes wiederherge-
stellt wird, wobei die Öffnungsgrad-Korrektur-
einheit konfiguriert ist, um den Öffnungsgrad
des Dampfregelungsventils (13) nicht auf im
Wesentlichen dem gleichen Grad wie der Öff-
nungsgrad zur Zeit des Auftretens des Über-
gangsereignisses beizubehalten, wenn das
Übergangsereignis länger als der Bestim-
mungsschwellenwert ist, und wobei der Bestim-
mungsschwellenwert 1 Sekunde oder weniger
beträgt.

2. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1A) nach An-
spruch 1, wobei die Öffnungsgrad-Korrektureinheit
(110) konfiguriert ist, um den Öffnungsgrad des
Dampfregelungsventils (13) auf dem Öffnungsgrad
zu einer Zeit des Auftretens desÜbergangsereignis-
ses in dem Stromsystem während des Übergangs-
ereignisses in dem Stromsystem beizubehalten.

3. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1A) nach An-
spruch 2, wobei die Öffnungsgrad-Korrektureinheit
(110) Folgendes einschließt:

einen Halter (52), der konfiguriert ist, um Infor-
mationen zu speichern, die den Öffnungsgrad
des Dampfregelungsventils (13) angeben; und
einen Schalter (51), der konfiguriert ist, um den
Öffnungsgrad des Dampfregelungsventils (13)
auf den von demHalter (52) während des Über-
gangsereignisses in dem Stromsystem gespei-
cherten Öffnungsgrad zu schalten, wobei der in
demHalter (52) gespeicherte Öffnungsgrad der
Öffnungsgrad zu einer Zeit des Auftretens des
Übergangsereignisses in dem Stromsystem ist.

4. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1A) nach An-
spruch 1, wobei die Öffnungsgrad-Korrektureinheit
(111) konfiguriert ist, um eine Korrektur vorzuneh-
men, um eine Schließgeschwindigkeit des Dampf-
regelungsventils (13) näher an eine Öffnungsge-
schwindigkeit des Dampfregelungsventils (13) wäh-
rend des Übergangsereignisses in dem Stromsys-
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tem zu bringen, wobei die Schließgeschwindigkeit
schneller als die Öffnungsgeschwindigkeit ist.

5. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1A) nach ei-
nem der Ansprüche 1 bis 4, ferner umfassend eine
Steuerschaltung (113) zum vollständigen Schließen
eines Umgehungsventils, die konfiguriert ist, um ein
Signal zum Steuern eines Umgehungsventils (15)
während des Übergangsereignisses in dem Strom-
system zu deaktivieren, wobei das Umgehungsven-
til (15) im normalen Betrieb konfiguriert ist, um ge-
öffnet zu werden, wenn Dampf zu einem Kondensa-
tor (21) umgeleitet wird, bevor er in dieDampfturbine
(18, 19) strömt.

6. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1B) nach An-
spruch 1, wobei:

das Dampfregelungsventil (13) gemäß einem
niedrigeren Wert eines Signals gesteuert wird,
gemäß entweder: einem Geschwindigkeits-
steuerungssignal (100) basierend auf einer Ro-
tationsgeschwindigkeit der Dampfturbine und
einem Drucksteuerungswert basierend auf ei-
nem Druck eines Dampfgenerators, wobei der
niedrigere Wert für die Dampfströmungsge-
schwindigkeit ausgewählt wird; und
die Öffnungsgrad-Korrektureinheit (112) eine
Vorspannungsschaltung einschließt, die den
Geschwindigkeitssteuerungswert während des
Übergangsereignisses in dem Stromsystem
erhöht.

7. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1B) nach ei-
nem der Ansprüche 1 bis 6, wobei:

ein geschlossener Zustand eines Umgehungs-
ventils (15)währenddesÜbergangsereignisses
in dem Stromsystem beibehalten wird, das Um-
gehungsventil (15) im normalen Betrieb konfi-
guriert ist, um geöffnet zu werden, wenn Dampf
zu einemKondensator umgeleitet wird, bevor er
in die Dampfturbine (18, 19) strömt; und
die Öffnungsgrad-Korrektureinheit (112) konfi-
guriert ist, um einen Steuerwert zum Steuern
des Dampfregelungsventils (13) basierend auf
einem Druck eines Dampfgenerators in einem
Zustand einzustellen, in dem der geschlossene
Zustand des Umgehungsventils (15) beibehal-
ten wird.

8. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1A, 1B) nach
einemder Ansprüche 1 bis 7, wobei dasBeibehalten
des Öffnungsgrads des Dampfregelungsventils (13)

durch die Öffnungsgrad-Korrektureinheit (110, 111,
112) abgeschlossen ist, wenn sowohl eine Wieder-
herstellung des Stromsystems von demÜbergangs-
ereignis als auch das Ausregeln einer Rotationsge-
schwindigkeit der Dampfturbine (18, 19) erfüllt sind.

9. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1, 1A, 1B)
nacheinemderAnsprüche1bis 8, ferner umfassend
eine Bedienungseinheit (4), die von einem Bediener
der Stromerzeugungsanlage (1, 1A, 1B) bedient
werden kann,
wobei eine Ein‑/Ausschaltsteuerung zum Beibehal-
ten des Öffnungsgrads des Dampfregelungsventils
(13) auf im Wesentlichen gleich wie der Öffnungs-
grad zu einer Zeit des Auftretens des Übergangs-
ereignisses indemStromsystembasierendauf einer
Bedienung an der Bedienungseinheit (4) vorgenom-
men wird.

10. Steuerungssystem (10) für einDampfregelungsven-
til (13) einer Stromerzeugungsanlage (1, 1A, 1B)
nacheinemderAnsprüche1bis 9, ferner umfassend
eine Anzeige (5),
wobei, wenn der Öffnungsgrad des Dampfrege-
lungsventils (13) auf im Wesentlichen gleich wie
der Öffnungsgrad zu einer Zeit des Auftretens des
Übergangsereignisses in dem Stromsystem als ein
Beibehaltungszustand durch die Öffnungsgrad-Kor-
rektureinheit (110, 111, 112) beibehalten wird, die
Anzeige (5) konfiguriert ist, um einen Bediener der
Stromerzeugungsanlage (1, 1A, 1B) über den Bei-
behaltungszustand zu benachrichtigen.

11. Stromerzeugungsanlage (1, 1A, 1B), umfassend
das Steuerungssystem (10) für ein Dampfrege-
lungsventil (13) nach einem der Ansprüche 1 bis
10, wobei die Stromerzeugungsanlage (1, 1A, 1B)
Folgendes umfasst:

einen Dampfgenerator (16), der konfiguriert ist,
um Dampf zu erzeugen;
eineHochdruckturbine (18), die als eineDampf-
turbine konfiguriert ist, in die in dem Dampfge-
nerator (16) erzeugter Dampf strömt;
wobei das Dampfregelungsventil (13) konfigu-
riert ist, um eine Menge von von dem Dampfge-
nerator (16) in die Hochdruckdampfturbine (18)
strömendem Dampf einzustellen;
eine Niederdruckturbine (19), in die aus der
Hochdruckturbine (18) abgegebener und einen
niedrigeren Druck als in die Hochdruckturbine
(18) strömender Dampf aufweisender Dampf
strömt;
einen Generator (20), der konfiguriert ist, um
Elektrizität durch Drehkraft der Hochdruckturbi-
ne (18) und der Niederdruckturbine (19) zu er-
zeugen;

5

10

15

20

25

30

35

40

45

50

55



19

35 EP 3 757 355 B1 36

einen Kondensator (21), der konfiguriert ist, um
Dampf zu kondensieren, der aus der Nieder-
druckturbine (19) abzugeben ist;
ein Umgehungsventil (15), das konfiguriert ist,
um geöffnet zu werden, wenn Dampf zu dem
Kondensator (21) umgeleitet wird, bevor er in
die Hochdruckturbine (18) strömt; und
wobei das Steuerungssystem (10), dasmindes-
tens das Dampfregelungsventil (13) steuert, ei-
ne Steuerschaltung (12) zur frühen Ventilbetä-
tigung und eine normale Steuerschaltung (11)
einschließt, die konfiguriert ist, um das Dampf-
regelungsventil (13) während eines normalen
Betriebs zu steuern,
wobei die Steuerschaltung (12) zur frühen Ven-
tilbetätigung mit der Öffnungsgrad-Korrektur-
einheit (110, 111, 112) versehen ist und konfigu-
riert ist, umdasDampfregelungsventil (13)wäh-
rend des Übergangsereignissesmit einem Zeit-
raum von 1 Sekunde oder weniger von dem
Auftreten bis zu einer Wiederherstellung in
dem Stromsystem zu steuern.

12. Verfahren zum Steuern eines Dampfregelungsven-
tils (13) einer Stromerzeugungsanlage (1, 1A, 1B),
Folgendes umfassend:

Erkennen des Auftretens eines Übergangs-
ereignisses in einem Stromsystem; und
Beibehalten eines Öffnungsgrads eines Dampf-
regelungsventils (13) auf im Wesentlichen dem
gleichen Grad wie der Öffnungsgrad zu einer
Zeit des Auftretens des Übergangsereignisses
in dem Stromsystem während des Übergangs-
ereignisses in dem Stromsystem, wobei das
Dampfregelungsventil (13) konfiguriert ist, um
eine Menge von in eine Dampfturbine (18, 19)
strömendem Dampf einzustellen,
wobei das Verfahren ferner konfiguriert ist, um
zu bestimmen, ob Strom aus dem Übergangs-
ereignis innerhalb eines Bestimmungsschwel-
lenwertes wiederhergestellt wird, und den Öff-
nungsgrad des Dampfregelungsventils (13)
nicht auf im Wesentlichen dem gleichen Grad
wie der Öffnungsgrad zur Zeit des Auftretens
des Übergangsereignisses beizubehalten,
wenn das Übergangsereignis länger als der Be-
stimmungsschwellenwert ist, und wobei der Be-
stimmungsschwellenwert 1 Sekunde oder we-
niger beträgt.

Revendications

1. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1, 1A, 1B), le système de commande (10) compre-
nant :

un détecteur d’événement transitoire (48) confi-
guré pour détecter la survenue d’un événement
transitoire dans un système électrique, et
une unité de correction de degré d’ouverture
(110, 111, 112) configurée pour maintenir, pen-
dant l’événement transitoire dans le système
électrique, un degré d’ouverture d’une soupape
de régulation de vapeur (13) sensiblement au
même degré que le degré d’ouverture au mo-
ment de la survenue de l’événement transitoire
dans le système électrique, la soupape de ré-
gulation de vapeur (13) étant configurée pour
ajuster une quantité de vapeur s’écoulant dans
une turbine à vapeur (18, 19) ;
le système de commande comprenant en outre
une unité de détermination de rétablissement
configurée pour déterminer si l’électricité s’est
rétablie de l’événement transitoire dans les li-
mites d’une valeur seuil de détermination ou
non, l’unité de correction de degré d’ouverture
étant configurée pour ne pas maintenir le degré
d’ouverture de la soupape de régulation de va-
peur (13) sensiblement au même degré que le
degré d’ouverture aumoment de la survenue de
l’événement transitoire, lorsque l’événement
transitoire est plus long que la valeur seuil de
détermination, et la valeur seuil de détermina-
tion étant de 1 seconde ou moins.

2. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1A) selon la revendication 1, dans lequel l’unité de
correction de degré d’ouverture (110) est configurée
pour maintenir, pendant l’événement transitoire
dans le système électrique, le degré d’ouverture
de la soupape de régulation de vapeur (13) au degré
d’ouverture au moment de la survenue de l’événe-
ment transitoire dans le système électrique.

3. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1A) selon la revendication 2, dans lequel l’unité de
correction de degré d’ouverture (110) inclut :

un support (52) configuré pour détenir des in-
formations indiquant le degré d’ouverture de la
soupape de régulation de vapeur (13), et
uncommutateur (51)configurépour fairepasser
le degréd’ouverturede la soupapede régulation
de vapeur (13) au degré d’ouverture détenu par
le support (52) pendant l’événement transitoire
dans le systèmeélectrique, le degré d’ouverture
détenu par le support (52) étant le degré d’ou-
verture au moment de la survenue de l’événe-
ment transitoire dans le système électrique.

4. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique

5

10

15

20

25

30

35

40

45

50

55



20

37 EP 3 757 355 B1 38

(1A) selon la revendication 1, dans lequel l’unité de
correction de degré d’ouverture (111) est configurée
pour effectuer une correction pour rapprocher une
vitesse de fermeture de la soupape de régulation de
vapeur (13) d’une vitesse d’ouverture de la soupape
de régulation de vapeur (13) pendant l’événement
transitoire dans le système électrique, la vitesse de
fermeture étant plus élevée que la vitesse d’ouver-
ture.

5. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1A) selon l’une quelconque des revendications 1 à
4, comprenant en outre un circuit de commande de
fermeture complète de soupape de dérivation (113)
configuré pour désactiver un signal de commande
d’une soupape de dérivation (15) pendant l’événe-
ment transitoire dans le système électrique, la sou-
pape de dérivation (15), en fonctionnement normal,
étant configurée pour être ouverte lorsque de la
vapeur subit une dérivation vers un condenseur
(21) avant de s’écouler dans la turbine à vapeur
(18, 19).

6. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1B) selon la revendication 1, dans lequel :

la soupape de régulation de vapeur (13) est
commandée en fonction d’une valeur inférieure
d’un signal de commande conformément à soit :
un signal de commande de vitesse (100) sur la
base d’une vitesse de rotation de la turbine à
vapeur et une valeur de commande de pression
sur la base d’une pression d’un générateur de
vapeur, la valeur inférieure pour le débit de
vapeur étant sélectionnée ; et
l’unité de correction de degré d’ouverture (112)
inclut un circuit de polarisation qui augmente la
valeur de commande de vitesse pendant l’évé-
nement transitoire dans le système électrique.

7. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1B) selon l’une quelconque des revendications 1 à
6, dans lequel :

un état fermé d’une soupape de dérivation (15)
est maintenu pendant l’événement transitoire
dans le système électrique, la soupape de dé-
rivation (15), en fonctionnement normal, est
configurée pour être ouverte lorsque de la va-
peur subit une dérivation vers un condenseur
avant de s’écouler dans la turbine à vapeur (18,
19) ; et
l’unité de correction de degré d’ouverture (112)
est configurée pour ajuster une valeur de
commande visant à commander la soupape

de régulation de vapeur (13) sur la base d’une
pressiond’ungénérateurdevapeurdansunétat
où l’état fermé de la soupape de dérivation (15)
est maintenu.

8. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1A, 1B) selon l’une quelconque des revendications
1 à 7, dans lequel le maintien du degré d’ouverture
de lasoupapede régulationdevapeur (13)par l’unité
de correction de degré d’ouverture (110, 111, 112)
prend fin si à la fois un rétablissement du système
électrique de l’événement transitoire et l’établisse-
ment d’une vitesse de rotation de la turbine à vapeur
(18, 19) sont satisfaits.

9. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1, 1A, 1B) selon l’une quelconque des revendica-
tions 1 à 8, comprenant en outre une unité d’action-
nement (4) qui peut être actionnée par un opérateur
de la centrale électrique (1, 1A, 1B),
dans lequel une commande de commutation mar-
che/arrêt du maintien du degré d’ouverture de la
soupape de régulation de vapeur (13) sensiblement
identique au degré d’ouverture au moment de la
survenue de l’événement transitoire dans le sys-
tème électrique est réalisée sur la base d’un action-
nement sur l’unité d’actionnement (4).

10. Système de commande (10) pour une soupape de
régulation de vapeur (13) d’une centrale électrique
(1, 1A, 1B) selon l’une quelconque des revendica-
tions 1 à 9, comprenant en outre un affichage (5),
dans lequel, lorsque le degré d’ouverture de la sou-
pape de régulation de vapeur (13) est maintenu
sensiblement identique au degré d’ouverture au
moment de la survenue de l’événement transitoire
dans le système électrique en tant qu’état de main-
tien, par l’unité de correction de degré d’ouverture
(110, 111, 112), l’affichage (5) est configuré pour
avertir un opérateur de la centrale électrique (1,
1A, 1B) de l’état de maintien.

11. Centrale électrique (1, 1A, 1B) comprenant le sys-
tème de commande (10) pour une soupape de ré-
gulation de vapeur (13) selon l’une quelconque des
revendications 1 à 10, ladite centrale électrique (1,
1A, 1B) comprenant :

un générateur de vapeur (16) configuré pour
générer de la vapeur,
une turbine haute pression (18) configurée sous
la forme d’une turbine à vapeur dans laquelle
s’écoule de la vapeur générée dans le généra-
teur de vapeur (16),
la soupape de régulation de vapeur (13) confi-
gurée pour ajuster une quantité de vapeur s’é-
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coulant dans la turbine haute pression (18) en
provenance du générateur de vapeur (16),
une turbine basse pression (19) dans laquelle
s’écoule de la vapeur évacuée de la turbine
haute pression (18) et dont la pression est infé-
rieure à celle de la vapeur s’écoulant dans la
turbine haute pression (18) ;
un générateur (20) configuré pour générer de
l’électricité par force de rotation de la turbine
haute pression (18) et de la turbine basse pres-
sion (19) ;
un condenseur (21) configuré pour condenser
de la vapeur destinée à être évacuée de la
turbine basse pression (19),
une soupape de dérivation (15) configurée pour
être ouverte lorsque de la vapeur subit une
dérivation vers le condenseur (21) avant de
s’écouler dans la turbine haute pression (18) ; et
dans laquelle le système de commande (10) qui
commande au moins la soupape de régulation
de vapeur (13) inclut un circuit de commande
d’actionnement de soupape précoce (12) et un
circuit de commande normal (11) configuré pour
commander la soupape de régulation de vapeur
(13) pendant un fonctionnement normal,
le circuit de commande d’actionnement de sou-
pape précoce (12) étant doté de l’unité de cor-
rection de degré d’ouverture (110, 111, 112) et
étant configuré pour commander la soupape de
régulation de vapeur (13) pendant l’événement
transitoire, dont la période est de 1 seconde ou
moins à compter de sa survenue et jusqu’à un
rétablissement dans le système électrique.

12. Procédéde commanded’une soupapede régulation
de vapeur (13) d’une centrale électrique (1, 1A, 1B)
comprenant :

la détection de la survenue d’un événement
transitoire dans un système électrique, et
le maintien d’un degré d’ouverture d’une sou-
pape de régulation de vapeur (13) sensiblement
au même degré que le degré d’ouverture au
moment de la survenue de l’événement transi-
toire dans le système électrique, pendant l’évé-
nement transitoiredans lesystèmeélectrique, la
soupape de régulation de vapeur (13) étant
configurée pour ajuster une quantité de vapeur
s’écoulant dans une turbine à vapeur (18, 19),
le procédé étant en outre configuré pour déter-
miner si l’électricité s’est rétablie de l’événement
transitoire dans les limites d’une valeur seuil de
détermination ou non, et pour ne pas maintenir
le degréd’ouverturede la soupapede régulation
de vapeur (13) sensiblement au même degré
que le degré d’ouverture au moment de la sur-
venue de l’événement transitoire, lorsque l’évé-
nement transitoire est plus long que la valeur

seuil de détermination, et la valeur seuil de
détermination étant de 1 seconde ou moins.
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