95 .P 3814 -1- Description Method and apparatus for quickly
controlling the output of a power station facility The invention relates to
a net-hod for quickly 5 controlling the output of a power station facility .
whi ch has a tutbByefhtor set having a-stedm turbine and a generator,
energy stores present during the facility process being activated in order
to set an addi Demwdigeiwd ator ouput. It further relates to an apparatus
for 10 carrying out the nmethod. Reliable power supply in an electric
power supply system presupposes careful tuning between the generation of

el ectric power Mgthodampdrappapastes fort gquimklvhcontrohiing thesoutpudy by

a number of corgyrgarﬁo‘w? a4 nefg&g_ﬂgi,ty distribution system If the
generation and tappi'ng of the electric power are equal, the system

frequency, which is an essential parameter in an electri- cal system is
constant. Its nom nal Vfhélein¥enitdontXPédEes SCotlza i RethedElEaPeqaickly

Lt ereome od SR dod pne SEBSERCYr “Erboher P ERLRRRER AL e
di sconnecti on dfas aohswbergenarater et dsalvisgaanstsame turbine and a
generator, energy stores present during the facility
process being activated in order to set an additiomnal
generator ouput. It further relates to an apparatus for

10 carrying out the method.

Reliable power supply in an electric power supply
system presupposes careful tuning between the generation
of electric power by a number of power units and the
tapping of this energy by a number of consumers in an

15 electricity distribution system. If the generation and
tapping of the electric power are equal, the system
frequency, which is an essential parameter in an electri-
cal system, is constant. Its nominal value is, _for
example, 50 Hz in the European interconnected system. A

20 frequency deviation which occurs, for example, owing tﬁo
the failure of a power unit or to the connection or
disconnection of a consumer, can be regarded as a measure
of an increase or drop in the generator output. A further
task in addition to correcting frequency deviations

25 within a power supply system consists in maintaining a
prescribed interchange power' at coupling points to
subsystems from which the distribution system (intercon-
nected system or. separate network) is composed. One
re’qﬁirement: therefore consists in the availability of a

30 quick increase in output of a power unit within seconds.

Possibilities for quickly controlling the output

- and providing fregquency back-up control are described in
printed publication "VGB Kraftwerkstechnik", No. 1,
January 1980, pages 18 to 23. Whereas



of_dn increase or drop in the generator output. A further task in addition
to correcting frequency deviations 25 wthin a power supply system
consists in naintaining a prescribed interchange power at coupling points
to subsystens f#BnPwBPLA the distributiof &stem (intercon- nected system
or ‘'separat e networ .S ,.CO sed.  One, requirenent, .t herefor onsists in
the availabilit® 8$L§§¥§tyIE?Z%?F%EY@%EEP?nPSEFbgfléFggsp c rﬁ?nmﬁfhin
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changi ng the output wthin the range of seconds (seconds reserve)

_ _ ,"a change
in the fuel suppPytrs 50 3 efiRssid ite Ly fkathn e&haﬁ&étFﬁWhe°83F§GS' of
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steanmturbine V\/@hgh t?xrr%tr}:%.le I[?os:. V:ﬁ;]n(.: ea:lr:g therefore opened .within the
first seconds for the purpose of bridging delay times,

10 and available steam accumulators are thereby activated
and discharged virtually without delay.

In addition to an increase in output owing to the
cancellation of the throttling of control valves of the
steam turbine, preheaters which are provided in the

15 water-steam circuit of the steam turbine and are heated
by means of extraction steam from the steam turbine are
disconnected. A condenser flow simultaneously passed
through the low-pressure preheater can be stopped and
increased again within a few seconds. This measure for

20 quickly controlling the output in fossil-fuel-fired power
units by disconnecting the preheaters with a condensate
stop is also described, for example, in German Patent
Specification DE-C 33 04 292. '

In order to regulate and/or control the quick

25 seconds reserve, that is to gsay for the purpose of a
controlled loading of steam flows to regenerative pre-
heaters and/or heating condensers, as well as of the

'process steam and the condensate in the water-steam
circuit of the steam turbine of a power unit, it is

30 therefore customary to make use of a control device. For
the purpose of quickly controlling the output, that is to
say of activating the seconds reserve, said control
device .throttles the supply of steam to preheaters,
throttles the process steam and/or throttles the conden-

35 sate. In this case, desired setting values for control
valves at turbine extraction points and for control
elements for setting condensate are formed in such a way
that a required additional generator output is achieved.
A disadvantage of this, however, is that it is extraordi-



the throttled position are therefore opened within the first seconds for
the purpose of bridging delay tines, 10 and avail abl e steam accunul ators
are t-hereby activated and discharged virtually without delay. In addition
to an increasedBnPod8kfk owing to the cancd®*lation of the throttling of
control valves of the steam turbine, preheaters which are provided in the
15  wat er - st e R@FELY uPLESAcdE sERaFPRFBIRALRNLBS o HRBVHPDY TRt s O
extraction steghanganidengimagn t urbine are di sconnected. A condenser flow
si mul t aneousl y passed through the | ow pressure preheater can be stopped and
increased again within a few seconds. This neasure for 20 qui ckly
controlling the output in fossil-fuel-fired power units by disconnecting
the preheaters with a condensate stop is also described, for exanple, in
German Pat ent Specification DE-C 33 04 292. In order to regul ate and/ or
control the quick 25 seconds reserve, that is to say for the purpose of
a'controlled | oading of steamflows to regenerative pre- heaters and/or
heati ng condensers, as well as of the process steam and the condensate in
the water-steamcircuit of the steamturbine of a power unit, it is 30
therefore customary to nmake use of a control device. For




t he purpose of quickly controlling the output, that is to say of activating
the seconds reserve, said control device throttles the supply of steamto
preheaters, throttles the process steamand/or throttles the conden- 35
sate. In this c¥%e® 3¥’%%red setting val ues3for control valves at turbine
extraction points_and for control el erents_for_settin condénsgﬁ& are,
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as with discharging
, are not taken into account. In addition, because of the

usually nonlinear control system control quality has not
been particularly high to date.
It is therefore the object of the invention to

10 specify a method for quickly making output available in
a power station facility, by means of which method a
particularly effective control is achieved. The aim is to
achieve this with simple means using an apparatus which
is particularly suitable for carrying out the method.

15 With reference to the method, this object is
achieved according to the invention by using fuzzy logic
for the controlled activation of the energy stores,
fuzzy-logic rules from experience at the facility being
used.

20 ' The invention proceeds here from the idea of
evaluating a multiplicity of process values or process
variables of the facility process. The aim here is to
analyze in their entirety the process variables which are
relevant for the process to be controlled. It is then

25 possible using fuzzy logic to introduce experience at the
facility (expert knowledge) into the evaluation and to
take account of it during the subsequent formation of
desired setting values.

In an advantageous development, the priority of

30 the use of the individual energy stores is taken into
account in implementing the fuzzy-logic rules required.
Moreover, it is advantageous, in the case of evaluating
process variables or process data in order to determine
desired setting values or manipulated variables for the

35 individual energy stores, to take into account informa-

tion
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the drains. Mreover, the priorities of the use of the 5 I ndi vi dual
neasures for quickly controlling the output are not taken into account.

addi t-i on, because of the usually nonlinear control systemcontrol quality
has not been pa?RiRuW3&t4y high to date.

It 4 s therefore the object of. the

invention to 10 specify a_nethod for qui cklﬁémaki ng ,output available in a
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system comprises a first fuzzy-logic controller whose
inputs include the energy situétion of the activatable
stores, and whose output specifies a strategy of use for
measures to be carried out as well as temporary restric-
tions of the individual activatable stores. The first
fuzzy-logic controller preferably additionally has an
input for the degree of throttling of at least one
control element connected to the steam turbine on the
inlet side.

The fuzzy-logic system expediently further
comprises a second fuzzy-logic controller whose inputs
include the desired output value and an actual additional
output value of the generator as well as the strategy of
use and the restrictions, and whose outputs specify
desired setting values for steam control elements.

The fuzzy-logic system further expediently
comprises a third fuzzy-logic controller, whose inputs
include the actual setting value of at least one steam
control element and the actual temperature value and/or
actual pressure value of feedwater stored in the water-
steam circuit, and whose outputs specify desired setting
values for condensate control elements. In this case, one
input of the third fuzzy-logic controller preferably
includes a value fo:f: the damper response of at least one
steam control element.

The fuzzy-logic system expediently also comprises
a fourth fuzzy-logic controller whose input includes an
actual value for the level in at least one intermediate

store connected in the water/steam circuit,
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rel evant for the process to be controlled. It is then possible using fuzzy
|l ogic to introduce experience at the facility (expert know edge) into the
eval uation and to 30 take account of it during the subsequent formation
of desired sett?hgPv3Blds. In an advantageSus devel opnent, the priority of
the use of the individual energy stores I's taken into account in
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concerning their readi nThe advdntagdsiachicawed kyy means of the invention
5 consist, in particular, in that the use of fuzzy logic in
conjunction with experience at the facility results in
controlled activation of the energy stores present during
the facility process. In this case, the priorities of the
use of individual measures can be taken into account.
10 Moreover, a gentle running procedure is ensured at the
same time as particularly effective use of available
energy storés. In particular, quick, high-quality control
" of output is achieved.
An exemplary embodiment of the invention is
15 explained in more detail with the aid of a drawing, in
which: ’
FIGURE 1 shows a block diagram of a turbo-generator as
a process section of a power unit, and
FIGURE 2 shows a block diagram of a fuzzy-logic system
20 as a control apparatus of a process section in
accordance with Figure 1.

Figure 1 shows a basic block diagram of a process
section of a power unit having a turbo-generator set,
which is composed of a high-pressure component turbine 2,

25 an intermediate-pressure component turbine 4 and a low-
pressure component turbine 6, as well as a generator 8.
During operation of the turbo-generator set, the main
steam FD is introduced into the high-pressure component
turbine 2 wvia a main-steam control valve 10. A first

30 partial flow FD, and a second partial flow FD,, which can
be set by means of a control valve 12 is [sic] extracted
from the high-pressure component turbine 2 for a high-
pressure preheating train 14. A third partial flow FD,,

. which can be set by means of a further control wvalve 16,

35 is extracted from the high-pressure component turbine 2

for a feedwater tank 18. The exhaust steam FD’ from the

high-pressure component turbine 2
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valve 26, for a heating condenser 28. Furthermore, an
extraction is performed as process steam PD via a third
partial flow MD, which can be set by means of a control
valve 30. The exhaust steam MD’ of the intermediate-
pressure component turbine 4 is fed to the 1ow-pressure
component turbine 6 via a pressure-relief damper 32.

Steam is likewise extracted from the low-pressure
component turbine 6 for the low-pressure preheating train
24 and for the heating condenser 28. For this purpose,
the low-pressure preheating train 24 is fed a €£first
partial flow ND, directly and a second partial flow ND,
via a control valve 34. The heating condenser 28 is
likewise fed a third partial flow ND, directly and a
fourth partial flow ND, via a control valve 36. The
exhaust steam ND’ from the iow-pressure componént turbine
6 condenses in a condenser 40.

The main condensate K is conveyed from the
hotwell 42 of the condenser into the feedwater tank 18
via the low-pressure preheating train 24 by means of a
condensate pump 44. Feedwater S is conveyed from the
feedwater tank 18 via the high-pressure preheating train
14 by means of a feedwater pump 46. Drains NK, from the
high-pressure preheating train 14 are conveyed into the
feedwater tank 18 via a -drains pump 48. Drains NK, are
likewise conveyed from the low-pressure preheating train
24 via a drains pump 50 into the condenser 40, that is to
say into the hotwell 42 thereof. In addition, drains NK,
are conveyed from the heating condenser 28 into the
hotwell 42 of the condenser 40 by means of a drains pump
52.

d whose outputs spetify the degree of activation of
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25 The fuzzy-logic system further expediently conprises a
third fuzzy-logic controller, whose inputs include the actual setting val ue
of at |east one steamcontrol elenment and the actual tenperature val ue
and/ or actual @SR AE4Yalue of feedwater %tored in the water- 30 steam
circuit, and whose outputs specify desired setting values for condensate
control elements. |n t{iRexeas thecmain copdengateqn X and,the |fpedwater
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purpose of entering a portion of the main condensate K
into the store, or extracting it therefrom.

10 The device for quickly controlling the output is
represented in Figure 2. It comprises a fuzzy-logic
system 60 having four fuzzy-logic controllers 62, 64, 66
and 68. The fuzzy-logic systém 60 receives as input
variables a frequency-corrected desired output value Pg

15 and the actual additional output value P; of the genera-
tor 8. The actual additional output value P; is measured
by means of a measuring device 70 on the generator B8
(Figure 1). Further input variables of the fuzzy-logic
system 60 are the temperature Ty, and the pressure p; of

20 the feedwater S, which are measured by means of a measur-
ing device 72 in the feedwater tank 18 (Figure 1).
Furthermore, the condensate level L; measured in the
hotwell 42 of the condenser 40 and the feedwater level
Lgp measured in the feedwater tank 18 are fed to the

25 fuzzy-logic system 60 as input variables. Information
concerning the degrees of throttling D,,, D;; of the main
steam control valve 10 or of the pressure relief damper
32 and data on the priorities of use EP, technical
readiness TB and load capability KL of the power station,

30 as well as further process variables P, are fed to the
fuzzy-logic system 60 as further input variables e,...e,.

The inputs el,..'. e, belong to the first fuzzy-logic
controller 62 of the fuzzy-logic system 60. They take
. account of the process wvariables D,,, D;,, EP, TB, KL and

35 P which are relevant for the process section to be
controlled. With the aid of fuzzy-logic rules FR, from
experience at the facility (expert knowledge) which are
stored in the first fuzzy-logic controller 62, a strategy

of use is determined for the measures required f£for



conjunction wth experience at the facility results in controlled
activation of the energy stores present during the facility process. In
this case, the priorities of the use of individual nmeasures can be taken
into account. 195 PNy8:éver, a gentle ruanVag-procedure is ensured at the
same time as particularly effective use of availabl e energy stores. In
particul ar, quigtdickliyh-gemtre}lingt rtheofoutipptit PE atheeveawern uRdbpl ary
embodi ment  of tfl@: ﬂé.lfﬂéi-en 'tﬁm%érar?xﬁje%'t‘ﬁ@ﬂ:.%d@r& e ddy VhtEribecai d
of a drawing, in shows a bl ock diagram of a'turbo-generator
as a process sé%?liﬁFENaﬁgﬁoﬁﬁrtHﬁlPr°SﬁGBFIGURE 2 shows a bl ock diagram of
a fuzzy-logic system 20 as a control apparatus of a process
section in accordance with Figure 1. Figure 1 shows a basic bl ock di agram
of a process section of a power unit having a turbo-generator set, which is
conposed of a hi gh-pressure conponent turbine 2, 25 an

i nt er medi at e- pressure conponent turbine 4 and a | ow pressure conponent
turbine 6, as well as a generator 8. During operation of the
turbo-generator set, the main steam FD is introduced into the high-pressure
conponent



turbine 2 via a main-steamcontrol valve 10. Afirst 30 partial flow
FD[err] and a second partial flow FDO[err], which can be set by neans of a
control valve 12 is [sic] extracted fromthe high-pressure conponent
turbine 2 for @MmiRH38}4essure preheating t&ain 14. Athird partial flow
FD[err], which can be set by neans of a further control valve 16, 35 S
ext r act ed f r omaertioyare cdeterminedorheret UThiaeskrategy peumet ethadnk

18 The exhausti$teamday éﬁenbmgg@ﬂ%gpr&ﬁsaassamom FUERF98tdons 95
P 3814 he i nternmed ate pressure conmponent

turbine 2 via £9meds 9BtPRE: FaTiabla SicPforthe sk | Sugayrdrsds
fromthe I Nt er resh ST PELSE2UL € corrponent turbine 2. For this 5 purpose, a
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performed as process ste Dviaat
controller 64 are the frequency-corrected desired output

value P; and the actual additional output value P;,. In the
10 second fuzzy-logic controller 64, output variables g to
k are determined from these input variables a, b and £
with the aid of fuzzy-logic rules FR,. While the output
variables g to j are desired setting values, the output
variable k is an estimated damper response dY,/dt of the
15 or of each control element 10, 12, 16, 22, 26, 32, 34 and
36 provided in the process section in accordance with
Figure 1. The output variable g of the second fuzzy-logic
controller 64 specifies desired setting values Y, for the
hot-condensate control valves 26 and 36. The output
20 variable h specifies desired setting values Y., Y, for
the main steam control valve 10 or the pressure relief
damper 32. The output variable i1 specifies a desired
setting value Y,, for the control valve 30 which sets the
quantity of process steam PD to be coupled out per unit
25 time. The output variable j specifies desired setting
values Y, for the extraction-steam control valves 12, 16,
22 and 34.
The output variables j and k of the second fuzzy-
logic controller 64 are simultaneously input variables of
30 the third fuzzy-logic controller 66. The third fuzzy-
logic controller 66 is fed the temperature T, and the
pressure pg, of the feedwater S in the feedwater tank 18
as further input variables c. Desired setting values Y.,
Yz for the condensate controller or drains controller
35 NKR, ., are formed from these input variables j, k and c
with the aid of fuzzy-logic rules FR, as output variables
1 and o.
In the fourth fuzzy-logic controller 68 of the
fuzzy-logic system 60, a desired setting value Y., is



partial flow M) err] which can be set by neans of a control valve 30. The
exhaust steam MD of the internedi ate- pressure conponent turbine 4 is fed
to the | ow pressure conponent turbine 6 via a pressure-relief danper 32. 15
Steamis |ikew 85 PxBBaédted fromthe | ow-pBassure conponent turbine 6 for
the | ow pressure preheating train 24 and for the heating condenser 28. For
this purpose, tfermed pseonkpatpyrvarabiley ¢ réom he i quantityf ofstcopdeni-al
flow ND[err] di I JolaleF} { alg,f| ’u?t Vi g a n _

val ve 34. The hggfc'igng gg%%nﬁ? 28 P?%'keovﬁrsegw e aegi[)murtdogér tt?la EE’?'(I?W ND3
directly and a FonAeRsp&e: pXPre| §&-NDjerr] via a control valve 36. The
exhaust steam ND fromthe | ow pressure conponent turbine 6 condenses in a
condenser 40. 25 The main condensate K is conveyed . from the
hotwel | 42 of the condenser into the feedwater tank 18 via the | ow pressure
preheating train 24 by means of a condensate punp 44. Feedwater S is
conveyed fromthe feedwater tank 18 via the high-pressure preheating train
30 14 by means of a feedwater punp 46. Drains NK[err] fromthe

hi gh-pressure preheating train 14 are conveyed into the feedwater tank 18
via a drains punp 48. Drains NK[err] are |ikew se conveyed fromthe

| ow- pressure preheating train



24 via a drains punp 50 into the condenser 40, that is to 35 say into the
hotwel | 42 thereof. In addition, drains NK[err] are conveyed fromthe
heating condenser 28 into the hotwell 42 of the condenser 40 by neans of a
drains punp 5295 p 3814 3814 - 9 --7- \Wereas the main
condensate K and the feedwater S are conveyed via a | evel control
L[err]/L[err], Fowe thhiseyarposd, t bhedreomdedbiter |levelscand af sefwatee
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condensate K into the Store, or extracting it erefrom
devi ce for Squi EeSc&Rurol |ing the output is represented in Figure 2. It
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P oonand 00 eNEa- SR IR B RS ot W Pybnlil ety
procedure of the power station facility or the power unit
in the case of quick changes in output, and a particular-

10 ly effective utilization of the available energy stores.
The knowledge of process engineering is incorporated in
this case into the fuzzy-logic rules FR, to FR, of the
individual fuzzy-logic controllers 62 to 68. In particu-
lar, the priority of the use of the individual energy

15 stores is taken into account in order to implement the
fuzzy-logic rules FR, of the first fuzzy-logic controller
62. The energy stores are activated by throttling the
steam supply to the preheating trains 14 and 24 and/or by
throttling the process steam PD, as well as by throttling

20 the condensate K and/or the drains NK,, ,. The formation
of appropriate desired setting values Y for the contrel
valves or regulating wvalves at the turbine extraction
points and for condensate regulation is performed in this
case with regard to the setting of a required additiomnal

25 generator output P;.



8.
The actual additional output value Plerr] is measu'rlm m’ﬂmmﬂl
i abl es

nmeasuri ng device 70 on the generator 8 (Figure 1). 4
of .the fuzzy-1o0gbcPs3828m 60 are the tenpet@ture T[err] and T he® priessure
p[err] of 20 the feedwater S, which are neasured by neans of a neasur-
ing device 72 |Rat@mntfi€dadmBer tank 18 (Figure 1). Furthernore, the
condensat e | evel L[ er 1] yaRasH bl Nnldikdipl Uk i1 gha! hec ARpignSET 040 gaNd

t

the feedwater level L[err] neasured in the feedwater tank 18 are fed to
the 25 fuzzy-PBYPE &F&tdesFaritifytwhich bpres a IW’E}?W?W%E‘HEePﬁi‘:ng
the ]geg[] ees of hhwhgl !an]gst(tj&airtugizviﬁér](czlof 4t.h66)"rﬁ'b.ﬁd$ffa68§&:§‘@f‘&£?ir \(al)\ég 10
or of the pgessure_ reli anmper -.a ata qQn the priorities of use ,
Cechni cal FBad HBETE¥oEEReR, By eesntn Ay $HetlifE PEoSePE BoinT s
wel | as furtheragtbivatedvini abes Pp aet &mdaddithonalizgeneépgtorsputemts0
as further inpu ar i Y=l : ' : r : [ @&l
bel ong to the f}ur.’}%/)t' f%?éiﬁé?géﬁé%%ntlﬁoﬁ%% gy%%# ?h%glf%u?'izi-‘f%%?cfggs?g% 60.
They take accoufenbroihedppstdyatisn &ff &hepeneygy FEe¥es, EPuzFB-1rgignd
35 P whi ch arguigkeyeR! fPreioR &pudcende @t thd Fak214@9t belingdus¥at.h
the aid of év‘uzz -l ogic ﬁu[gdeF\;[errzl from exp%ﬁrl,enci at ﬁhe faci-Jity .
(exper t knb ed &) whic ethg ccording to aim 1, characterized in

: that the priority (EP) of the use of the individual

energy stores is taken into account in implementing the

15 and the actual additional output value P[err] of thfnﬁenera- tor
I

fuzzy-logic rules (FR,).
3. Method according to Claim 1 or 2, characterized
15 in that in order to determine desired setting wvalues (Y)
for the individual energy stores, information (TB)
concerning their readiness is taken into account.
4. Apparatus for quickly controlling the output of
a power station facility which has a turbo-generator set
20 having a steam turbine and [sic] (2, 4, 6) and a gener-
ator (8), energy stores present during the facility
process being activatable in order to set an additional
generator  ouput (P;), characterized by a fuzzy-logic
system (60) whose inputs (a to e) include the additional
25 generator output (P;) and the energy situation of the
activatable stores, and whose outputs (g to j, 1, o, q)
specify the degree of activation of the individual energy

stores.

‘This Sheet Has Been Reﬂla-iéed
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stored in the first fuzzy-logic controller 62, a str
determ ned for the neasures required for 95 P 3818 mnnﬂl! Luﬂw Ta-
qui ckly controlling the output of the power unit. ary

restrictions ome®ner3glsetores to be actiwattdd-in the process 95 P 3814
- 8- section are determned there. This strategy of use, that is to say the
staggering of neasures Apparatusi atcondihgr tot Qdadmt gut charasitlerifzed irhe

first fuzzy-logigs Qe Y5 %%isc slﬁ‘ue 3 (GO-Bh'c?:n%‘}.t%% \GArgsghle £ zI

S|nultaneously t he i nput vary econd gic contro %Y 64.
Further input \Qgi®| een‘arahaes dﬁzt)h@h%@oﬂ@mﬁszy(%ogl-@nbonppépﬁer t@@ are

t-he frequency- cenéfsy c@idositicsh oot plthevaéél&ﬂ@sﬁiea%@otﬁ% ,2Ci4d! whose

addl E):J?Bﬁlt %g:. P%\E?é@t U?{g selgerélfigs tat]estlzpategsyecoop (;lJ.Sfeu Zfzoyr me s(':urceosnttroo lbleer

carr:.ed out as well as for temporary restrictions of the
or of each activatable store.
6. Apparatus according to Claim 5, characterized in
that the first fuzzy-logic controller (62) has an input
10 (e) for the degree of throttling (D, Dy) of at least one
control element (10, 32) connected to the steam turbine
(2, 4, 6) on the inlet side.
7. Apparatus according to one of Claims 4 to 6,
characterized by a second fuzzy-logic controller (64)
15 whose inputs (a, b, £) include the desired output value
(P;) and an actual additional output value (P;) of the
generator (8) as well as the strategy of use and the
restrictions, and whose outputs (g to k) specify desired
setting values (Y) for control elements (10, 12, 16, 22,
20 26, 30, 32, 34, 36).
8. Apparatus according to one of Claims 4 to 7,
characterized by a third fuzzy-logic controller (66),
whose inputs (¢, j, k) include the desired setting value
(Yy) of at least one extraction steam control element
25 (12, 16, 22, 34) and the actual temperature wvalue (Tg,)
and/or actual pressure value (P;,) of stored feedwater
(8), and whose outputs (1, o) specify desired setting
values (Y,,, Yg,) for condensate control elements (44, 48,
50, 52).
30 9. Apparatus according to Claim 8, characterized in
that one input (k) of the 'third fuzzy-logic controller
(66) includes a value for the damper response (dY,/dt) of
at least one control element.




k are determined fromthese input variables a, b and
fuzzy-logic rules FR err]. Wiile the output variable iﬂMDﬂimﬂ ed
setting values, the output variable k is an estlnate

dY[err]/dt of 96 B5381% of each control- dizement 10, 12, 16, 22, 26 32

34 and 36 provided in the process section in accordance mnth Flgure 1. The
out put vari abl e1®-of t hARRAXRRRE uaegording tent ene| @f cdlapmei f4 esodedi r ed

seztl ?gzgal ues ‘éliﬁblﬁdcﬁél&iél? B9t§p0£é@£d§at& r1QJ| gial é’?ﬁtiz@lﬁ%? 3@s]s)fT he
out pu var i e ecifies e al'ues Y[ er err or
the main steam & 1+ ‘V*g‘} é.L ef‘ﬁte r’es‘ﬁi‘ég irefl Q‘J

out put vari abl e imn smecléase anéeﬁ.me&mdmmg atdnee Mexr}szr ahlaev&mﬁé ol
val ve 30 whizch a pLO 0 he,cou er
init 25 't e, SREPR s BhbbLgRbs! = St SRS B8R T G ko?
Y[err] for the mgancgnéansabﬁtrml nnovegzizexngacctngnd.t34frasne a

out put vari abl egdndriikdtefs gJFESQQ%nd fuzzy- logic controller 64 are

si mul t aneousl y i nput vari abl es of the third fuzzy-logic controller 66.
The third fuzzy- logic controller 66 is fed the tenperature T[err] and the
pressure p[err] of the feedwater S in the feedwater tank 18 as further

i nput variables c. Desired setting values Y[err],



Y[err] for the condensate controller or drains controller 35 NKR err] are
formed fromthese input variables j, '’k and c-with the aid of fuzzy-logic
rules FRlerr] as output variables 1 and o. In the fourth fuzzy-logic
control l er 68 oP5tRe3®dAzy-|ogic system 60,13 desired setting value Y[err]

S 95 P 3814 - 8a - forned as output variable g for the
quantity of conBPRrragte K to be entered into, or extracted out of, the
col d- condensate store 54. 95 P 3814 -9- For this

pur pose, the condepsate |evel and feedwater |evel L[er and L[err]
respectively, apgtgﬁa A4 APRaEAtus ofPE SBHFF%YIGP“GEaigﬁﬁ%nH QNRWGRNE d.
The desired setbfng powetx Ytatilod fddiicddye formed with the aid of

fuzzy-logic 5 .rules FR4A. The know edge of process engineering used in the

In a method for quickly controlling the output of
a power station facility which has a turbo-generator set
having a steam turbine (2, 4, 6) and a generator (8),
energy stores present during the facility process“are
activated in order to set an additional generator output
(P;) . In order to achieve a particularly effective con-
trol, fuzzy logic is used according to the invention for
the controlled activation of the energy stores. In this
process, fuzzy-logic rules (FR, ,) from experience at the
facility are used. An apparatus for carrying out the
method comprises a fuzzy-logic system (60) whose inputs
(a to e) include the additional generator output (P;) and
the energy situation of the activatable stores, and whose
outputs (g to j, 1, o, q) specify desired setting values
(Y) for the degree of activation of the individual energy

stores.

FIGURE 2



fuzzy | ogR caSyRt3@140Pensures both a gentle runni ng procedure of the power
station facility or the power unit inthe case of quick changes in output,
and a- particular- 10 ly effective util tion of the avail abl e energy
stores. The know edge of process englne‘iﬁgg is incorporated in this case
into the fuzzy-logic rules FRerr] to FRerr] of the individual fuzzy-logic
controllers 62 to 68. Inpafticu- lar, the priorit)

f the use he
i ndi vi dual energy 15 S s is taken into acCou n order to | enent
the fuzzy-logic rules FR® ' Qg. The

preheating trains 14 and 24 ) ean%PD, as
well as by throttling 2@~ | {f : Qﬁ?]. The

‘val ves or

regul ating vaIEe&nat t n goints ?nd f c_ndensate

regulation is perjor regdr t('ﬁ of ==
requi red addi {1 on 3 14 P¢n
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PCT/ DE 96/%1% PPa%ee,h? %:I ainms 1. Met hod for quickly controlling the
output of a power station facility which has a turbo-generator set having a
steam turbine (2, 4, 6) and a generator (8), 5 energy stores present during
the facility process being activated in order to set an additional

generator output (P[err]), characterized mthat fuzzy logic is used for
the controlled activation of the energy stores, fuzzy-logic rules (FR err])
fromexperience at the facility being used, 10 and the degree of
activation of the individual energy stores being determned with the aid of
the additional generator out put (P[err]) and with the aid of the enefyy

situation of t tor Met hod rding to Cagmn 1,

characterized i @ |ty ( of the @of t i ndi vmual

energy stores ispta to ccoun in inpkementing t fuzzy)l ogic rul es
31 |

(FRlerr]). 3. —ackacdi toClalm.d..ac.2...chataciexi.zed jn..t hat
in order to qeteymas d,g:l rgp seteingwal ggs (Y) 20 ¢ the individual
energy storgs— |?\rf ar?'ra.i?fh (TBy |cqircenting thefS sEpdi s is takenlinto
account. 4. ar at us f pr qui le confrol li ng’ t he outPut of
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a power station facility which has a turbo-generator set having a steam
turbine and [sic] (2, 4, 6) and a gener- 25 ator (8), energy stores
present during the facility process being activatable in order to set an
addi tional genegr @5 qugig ferr]), characjerized by a fuzzy-logic system
(60) whose i npupgT(/dE ®6)02108 ude the additional generator output (Plerr])
and the energy situation of the 30 activatabl e stores, and whose outputs

(g toj, 1, o, ghdsphei butphe aagleeuaé ﬁr{lﬂh\kﬁihél@ A%&fodéh?s w&é:lé\ggidl?éngqt@grgy
t . ar at ys

agir anS4, char acPe%%Jtzleéllaﬁ Mish tﬁ?@pﬁf?}?rl 2‘: 6}!‘ &rains
first fuzzy- Iognd/@cnthqﬂtmg(ﬁdx)dehsens; npst swe(]a{ eus]w;th[ ar:.rs]chaﬁy}]ngje
the ener gy si tURKEOALs A HELLYGLAD! Eng! BEES-1RTUMIGS G0, LQUT pY! &f

specifies a strategy of use Tor neasureés to be carrie
tenporary réstri8Aiyidugl mrasires ferhamdckia snntzalking 6the Output

Appar at us -accor dired niot @aMdA Antdddsd @it Zeth | fadPeiohhepbbhtkel W2 ¥HLII €

controller (62) haal ny | n?ﬂlnear control system control quality has not
been particularly high to date.

It is therefore the object of the invention to

10 specify a method for quickly making output available in
a power station facility, by means of which method a
particularly effective control is achieved. The aim is to
achieve this with simple means using an apparatus which
is particularly suitable for carrying out the method.

15 With reference to the method, this object is
achieved according to the invention by using fuzzy logic
for the controlled activation of the energy stores,
fuzzy-logic rules from experience at the facility being
used, and the degree of activation of the individual

20 energy stores being determined with the aid of the
additional generator output and with the aid of the
energy situation of the activatable stores.

The invention proceeds here from the idea of
evaluating a multiplicity of process values or process

25 variables of the facility process. The aim here is to
analyze in their entirety the process variables which are
relevant for the process to be controlled. It is then
possible using fuzzy logic to introduce experience at the
facility (expert knowledge) into the evaluation and to

30 take account of it during the subsequent formation of
desired setting values.

In an advantageous development, the priority of
the use of the individual energy stores is taken into
account in implementing the fuzzy-logic rules required.

35 Moreover, it is advantageous, in the case of evaluating
procesg variables or

REPLACEMENT SHEET

AMENDED SEEET

01 APR 1998 -




10 (e) for the degree of throttling (Dlerr], Derr]) of at |east one
contiol elenment (10, 32) connected to the steanlturblne (2, 4, 6) on the
inlét side. 7. Appar atus according to one of Clains 4 to 6,
characteri zed bgraggepoB@ifgupzy-| ogic contrgller (64) 15 whose inputs (a,
b, f) include tpergdes vegoatbopgut value (P[err]) and an actual additional
out put value (P[err]) of the generator (8) as well as the strategy of use
and the restricprocessaddtahs cordéP s detdrhine Heatided GrYviety SAudy
val ues (Y) for ggntrol el enents (10, 12, 16, 22, 20 26, 30, 32, 34, 36).
8. Appar at USs accordi ng to one of Clalns 4 to 7, characterized by a
third fuzzy-logic controller (66), whose inputs (c, j, k) include the
desired setting value (Y[err]) of at |east one extraction steam control

el enent 25 (12, 16, 22, 34) and the actual tenperature value (T[err])
and/ or actual pressure value (P[err]) of stored feedwater (S), and whose
outputs (I, o) specify desired setting values (Y[err], Y[err]) for
condensate control elenents (44, 48, 50, 52). 30 9. Appar at us
according to Claim8, characterized in that one input (k) of the third
fuzzy-logic controller (66) includes a value for the danper response
(dY[err]/dt) of
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at l.east one control elenent. 95 P 3814 12
Appar at us according to one of Clains 4 to 9, char acﬂ'ﬂ"ﬂﬂﬁmﬂ th
fuZzzy-logic controller (68) whose input (d) include “ﬂ m
Ll[err]) for thegpeyslpi §gft beast one intefgedi ate stor%e (18* 4%),+and
whose 5  out puyict/mESPeZoLies a desired setting value (Y[err]) for

ent'eri ng condensate Kinto, or extracting it from a condensate store (54).
Patent Claims

1. Methba for quickly controlling the output of a
power station facility which has a turbo-generator set
having a steam turbine (2, 4, 6) and a generator (8),
5 energy stores present during the facility process being
activated in order to set an additional generator output
(Pg) ., characterized in that fuzzy logic is used for the
controlled activation of the energy stores, fuzzy-logic
rules (FR, ,) from experience at the facility'being used,
10 and the degree of activation of the individual energy
stores being determined with the aid of the additional
generator output (P,) and with the aid of the energy
situation of the activatable stores.
2. Method according to Claim 1, characterized in
15 that the priority (EP) of the use of the individual
energy stores is taken into account in implementing the
fuzzy-logic rules (FR,).
3. Method according to Claim 1 or 2, characterized
in that in order to determine desired setting values (Y)
20 for the indiﬁidual energy stores, information (TB)
concerning their readiness is taken into account.
4, Apparatus for quickly controlling the output of
a power station facility which has a turbo-generator set
having a steam turbine and [sic] (2, 4, 6) and a gener-
25 ator (8), energy stores present during the facility
process being activatable in order to set an additional
generator ouput (P;), characterized by a fuzzy-logic
system (60) whose inputs (a to e) include the additional
generator output (P;) and the energy situation of the
30 activatable stores, and whose outputs (g to j, 1, o, q)
specify the degree of activation of the individual energy
stores.
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