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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FOSSIL-FIRED STEAM POWER STATIONS -

Part 1: Limiting controls

FOREWORD

prising
romote
idlds. To
htion is
usted to technical committees; any IEC National Committee interested j ith may
parficipate in this preparatory work. International, governmental and non-gowernmen izati liaising
with the IEC also participate in this preparation. The IEC collabora R i ational
Ordanization for Standardization (ISO) in accordance with conditions dg en the

two| organizations.

2) Thg formal decisions or agreements of the IEC on technical m4 » S iple, an
intgrnational consensus of opinion on the relevant subjects since_each 3 G ittek ntation
from all interested National Committees.

3) Thg documents produced have the form of recommendationg for ihte 3 i i e form
of ptandards, technical specifications, i ational
Cornmittees in that sense.

4) In ¢rder to promote international unificattqn, IE i ational
Stapdards transparently to the maximum 3ssiblei f Is. Any
div ¢ 8 3 i clearly
ind{cated in the latter.

5) The for any
eqyi

6) Attention is drawn to the pos% |b||| z i i ject of
patgent rights. IEC shall i i i

The main task o ver, a

techn|cal commi ected

data ¢f a different rd, for
exam

IEC 6 be 65:

Indus

The text of : i eport is based on the following documents:

Enquiry draft Report on voting
65/271/CDV 65/283/RVC

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the IEC/ISO Directives, Part 2.

IEC 62140 consists of the following parts, under the general title Fossil-fired steam power
stations:

Part 1: Limiting controls

Part 2: Drum-level control

Part 3: Steam-temperature control
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The committee has decided that the contents of this publication will remain unchanged until
2007. At this date the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this Technical Report may be issued at a later date.

@%
S
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INTRODUCTION

This Technical Report is part of a series of Technical Reports which contain advice on the
proper design and operation of control circuits in fossil-fired power stations. They are based
on technical solutions used today by some member nations and provide also the background
information necessary for proper understanding.

For the time being, all the different national documents tackling the subject are deemed to be
at the same level. They always present or imply particular technical solutions which, although
finally aimed at satisfying similar functional user needs, are different from country to country
and often inconsistent among themselves. Such documents are considered to be real barriers
to intgrnational trade.

The rleed for new standards formalizing an internationally agreed agproagh S $s the
functipnal need of fossil-fired power plant operators and suppliers i ified [by all
the experts. Such documents could facilitate and develop the inte ki 3 in this
particular domain for the profit of the suppliers and the cus ers\ Th ‘ series

should consider the existing national documents presenting_nati 9l Ul 5 hnical
basis|and should be consistent with them.

In thg absence of an internationally agreed approag gtrictly
consiflered as an example of particular technical solutigns ji ime. It is only ainmed at
stimulating the debate in order to encqurage t views on the subjeg¢t and
should not be transformed into an Inte

Therel are two types of technical report

The reports of the first tyge refe s Ql “eircuits of steam generators, such as
drum4level control or steam-tempgerature at under normal operational conditions.
The reports of the second type show-Xx al means to ensure proper operation also junder
restri¢ted conditj ; ing\tuprup and run-down or in the event of anomalous
operafing states, W |th upe -ordinated control circuits, for example, load dontrol
or frequency controd S : S eports refer generally to the power station unif{ as a
whole].

Each [of the ithine th eries is independent from each other; their contents, however,
are largely i d. Nhe series is to be supplemented.
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FOSSIL-FIRED STEAM POWER STATIONS -

Part 1: Limiting controls

1 Scope
This Technical Report deals with limiting controls in fossil-fired steam power stations.

In thqi R Tt ' i 3 d the
protegti W

procep
point,
envirg 9%, the

envirg ans of
shut-¢ nable
contirjued operatlon - pOSSIb|y under restricted conditign ! T nsient
procep alous

operating states.

Limiti controls. They can be
switch ) : are switched off, however,
the possibility no longer exists of ea ic-Nmi f re the
protegti i iffer vices,
which rating
contrd

The tpasks for control of s 3 i i of the
whole| plant. Structure [s ' . These

are devices used to se

— bdtween ope

dependent control solutions to process tasks. They are| dealt
in connection with the limiting controls (see examp|es in

mass

mass flow, mass throughput
speed

pressure

speed of pressure change

m

m

n

Z

p

Ap differential pressure
P power

0 quantity of heat
0 heat flux

t time

9

temperature


https://iecnorm.com/api/?name=dcfc7933b91b922a8fc793617f668a59

TR 62140-1 O IEC:2002(E) -9-

AD differential temperature
o] material stress

e control error

w reference variable

x controlled variable

2.2 Subscripts

ex external

op operation, operating

el electrical

i internal, inner (inner wall temperature)
m mean (mean wall temperature)

act actual value

max maximum
c centre
min minimum
ref reference
sp set point

target | target
perm permissible
ulL upper limit
IL lower limit
o S

2.3 |Abbreviations (alse

O outlet

F fuel

SG steam gen

I inlet

ECO | economize

D delive — delivery pressure)

LS li

L li

HP high p

K constant

IP ihtermedium pressure
LP tow-presstre

FWT feed-water tank
FWP feed-water pump
FW feed water

C circulation
E evaporator
W reverence variable

RH reheater

HRH hot side of reheater
SPG set-point guidance
HPO high-pressure outlet
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3 Function of limiting controls

The function of operating control and its relief by a limiting control is shown by way of
example in Figure 1 using the change in a process variable (controlled variable) over time.

Controlled A
variable

Design basis value

Protaection

Area |: The effects of faults 0 in the
permigsible limits by the opk . rating
set pqint .

Area [I: The eff@
the limiting control i

limit yalue) or W
contrgl. The contral ta

me A4,
upper
rating

— byf adjusting the
— byl bfQgi

This gan be done manually or automatically.

Area |llZThe process fault leads to a change in the controlled variable which can be checked
neithgr by the normal operating control nor by the limiting control. At time B. the protection
intervenes, safely preventing the design basis value from being reached.
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3.1 Values to be limited

Depending on the requirements of the process and its components, the following values may
have to be limited:

— variables of state;
— their derivations and suchlike;
— the result of combinations of individual process variables.

This is done by specific limiting of

— reference variables;
— cdntrolled variables;
— manipulated variables

of thel operating control circuits.

The |mplementation of independent control circuits fo is a further

possibility.

3.2 [Functional modules for limiting
As listed in 3.1, the limiting interventiop™san be/sg

a) Intervention directly into the structu
This can be carried out by means of the folloy

e | switches which areatriggered \i ontrol
structure

— | by activating theN|
— | by holding )
— | by freezir@

* | selection cigcd

Data loggi from
i 5, and

4 Ljst of limiting controls

Limiting controls which are important for the power station unit are listed below. In
accordance with the construction of the individual function groups of the power station, only a
part of these limiting controls is required; otherwise, additional limiting controls — which are
not stated here — are to be provided for.

The most important limiting controls are listed in Table 1, and some selected examples are
described in comprehensive fashion in Annexes A to G. The selection is made according to
the importance and complexity of the control task.
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Annex A

TR 62140-1 O IEC:2002(E)

Upper limiting of steam pressure of steam generators

During shut down of the unit and during normal operatlon changes may occur in the high

Super-
/ heater

Stepm
genefator

¢ A.1 shows an elementary diagram.

®
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<>\
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n flow
s the
by the
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IP/LP

Turbine

N

pressure
limiting
control

Condenser
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@ Generatpr

— Reheater pr¢g
E limiting co

ssure
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Figure A.1 — Plant circuit diagram for upper steam pressure limiting control

using bypass devices
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A.2

A.21

Description of the control structure

Controlled variable

The controlled variable for the high-pressure bypass device is the high steam pressure.

A.2.2

Reference variable

For limiting control, a control band is set around the operating characteristic, within which the
controlled vanable may vary W|th|n the context of normal operatlon The d|agram of pressure

charag
preve
steam
steam
The V|
desig

set ppi
permip

nts the controlled varlable from fallmg outside thls control band. O Re upperl
pressure is described in this example. The reference variable
pressure is formed by addition of a constant Ap to the value of §perafing ch

The elementary diagram of control of a steam bypas iC INVE al power st
is shown in Figure A.3. The operating characteristic fo ytion is formed
minim functign piapqet Of the

mass Ue Pyaximum 1he rate of ¢
Pperm|i , the reference varis
forme V|a the switch settmg

up”. T

»

imrdm permissible operating excess pressure

Steam pressure

Upper pressure limit

Ap Control band

A 4

Operating characteristic
for normal operation

Lower pressure limit
(see example "lower limiting of
steam pressure of steam generators")

/7

ontrol

imit of

ristic.
firing,

is new

ghest

ations
via a
steam
hange
ble is
‘start-

»

Steam flow g

Figure A.2 — Pressure characteristics of a conventional power station unit,
shown for modified sliding pressure
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A.2.3 Manipulated variable

The position of the bypass device is the manipulated variable for the limiting control device.

pperm
l Pressure controller
for normal operation HP
P =f(’;l) SPG Prmax. 5 W, bypass
— p] > v ;
Target )] Min- | — T L AV oY e
_ I - —h ~ Z> L\| valve
x Q ]
Ap >\/ HP
~d
QX Turbine ™
Pact @ (\}@ ' '
X2

psp run-yp (\ : PI —
hZ
Q) 2 2
ressure controller
for start-up

aster control of a steam bypass device
htional power stations

A.3 | Opera
A.3.1
During start-up trol loop is not in operation as limiting control but is used for normal

contrgl of the steam™pressure.

A.3.2 —Shut-down
Limiting control ensures that, during shut-down, steam which cannot be processed through

the turbine is led to the condenser. This avoids actuation of safety valves or safety functions
of the bypass devices (Clause A.4).

In this way, independent operation of the steam generator and the steam turbogenerator unit
is possible in the event of load shedding.

A.3.3 Load changes

The information contained in A.3.2 applies by analogy to downward load changes.
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A.4  Supplementary information

With high-pressure bypass devices, it is necessary to adjust the steam temperature at the
outlet of the bypass device to the temperature level which is permissible at this point by
injecting water.

In addition to their function as a control actuator, high-pressure bypass devices frequently
also have a safety function. In such cases, the high-pressure bypass device takes on the
additional task of safety valves. The additional equipment for the bypass device which this
necessitates consists of a multi-channel control of the drive which involves bypassing normal
contrgt: i i Tgh= i fgion is
usually made for the drive to have two different speeds. The faster stag amescepdrative
whengver the control difference exceeds a preset limit value in the| event \qQf \parficular

incidgnts, such as load dump or turbine trip.

@%

R
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Annex B

Lower limiting of steam pressure of steam generators

B.1 Task

During start-up of the unit and during normal operation, changes may occur in the HP
press i iati w and
the sfeam flow taken up by the turbine. If HP pressure occurs which falls breset
lower| limiting characteristic of the plant, the steam flow into the turbi bd by
thrott| inj ire s
complied with. As such minimum pressures are not required for rehgate is Twiting gontrol

is only used for the high-pressure side. Figure B.1 shows an elementarydie

®
Super-

: heater eheat

P bypass N
rbin / Turbine

> Q P IP/LP @ Generafor

IP bypass

Stgdam
gengrator

\ Condenser

HP
minimum pressure

limiting control | |

v
/

Figure B.1 — Plant circuit diagram for lower steam pressure limiting control
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B.2 Description of the control structure

B.2.1 Controlled variable

The controlled variable for limiting control of the live steam minimum pressure is the HP
pressure.

B.2.2 Reference variable

Analogous to the upper limit of HP pressure (Annex A), the reference variable for the lower

||m|t ('\'F tha HD nraccuira ic dariviad fram thg anaratina charantgrictic wwith o valitg Al belng
—tr H—p+HeSSUH-e—1s—a8H-ea—HoH—He—op8iatig—eratacteHSH—WHH—a—Yard =

subtrgcted from the operating set point (Figure B.2).

B.2.3 Regulated variable

The dpening of the HP governor of the turbine is the manipula
minimum pressure control.

ssure

»

Steam pressure

A

Operating characteristic
for normal operation

Ap Control band

A 4

Lower pressure limit
(see example "upper limiting of
steam pressure of steam generators")

[
>

Steam flow

Figure B.Z — Pressure characteristics of a conventional power station unit,
shown for modified sliding pressure
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B.3 Operating behaviour

B.3.1 Start-up

This limiting control is not normally operative during unit start-up, as the steam pressure is
controlled by the pressure control of the HP bypass device.

B.3.2 Shut-down

The information contained in B.3.1 applies by analogy to shut-down.

B.3.3 Load changes

During faster and greater load increases, the steam flow to the turh i i ing the
HP m|nimum pressure control in such a way that the pressure t w the
minimum HP pressure required for steam generation. Limiting is,.carked\o i e fact
that the HP minimum pressure control guides the set point ©of t i 9i ontrol

circuif via a minimum select with the speed/power control o S it (Figure
B.3).

iimur) press
(\ coptroller:
> HP
w bypass

Turk%inelz
; dontro
Q N Min. alve
T
|1
Aict Turbine HP

\\

Power

PI i

Speed A

Figure B.3 — Function plan of master control of a high-pressure
minimum pressure control for conventional power stations

B.4 Supplementary information

In addition to overcoming slowed steam production in unit operation, the HP minimum
pressure control is also used to limit the steam generator stress in the event of erroneous
opening of the HP bypass device.

The availability of the unit can be increased in the event of steam generator control problems,
as the HP minimum pressure control offers the possibility of controlling HP inlet pressure with
the turbine, with corresponding set-point guidance of the speed, power and pressure set
point.
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Annex C

Limiting control of thermal stresses in pressure-bearing components

C.1 Task

The pressure- bearlng components of a steam generator are exposed to varylng pressure and
fluid and

with If the
operational exhaustion exceeds the calculated design basis value, prém nt of
the cq . Li ege are
used fo control the operating conditions so that the determined stre

preset limit values. For this, the mechanical and thermal stresgés™a 8 ingously

for sglected components on the basis of national guidelines\such “as their

extreme values are compared with pre-calculated stressdi AID: dched,
furth e i thus
insuripg that the stress limits are not exceeded. As C i
accorflance with national guidelines (for example,( TR i : i ded of
cycling and creep stresses, an assessment o % 3 i ig also
requined, stri ing, S isi s limits (Figure C.1). This
asses i i - ) < It can be carried ouf after
each |stress cycle, or at less freque i i off-Iine). The results of this
assessment provide the basis for cgrrecting\the ss limits in limiting control. |f the

calculated degree of component exhustr liesNbelow the design basis value, the ptress
limits|can be raised. If the ess Yimits must be reduced.

C.2 | Description o

Selected compo

the pressure part™6
low-p 6

icular strain, are supervised at various points in
. The steam-bearing components of the high- and
paring

comp $ wall-
temp¢ i with
permip

basis B01 in
Germ nd the

actua rature
transip
of thg
can o
is thu s S . . WI=Y= !
saturatlon pressure in the wet steam zone is taken into account for the conversion of the
temperature transient into a pressure transient. This value is used as a limit value for the
pressure increase, and is further processed in the start-up pressure guidance of the high-
pressure reducing station. If the relationship between steam pressure, steam flow and the
valve opening of the reducing station is taken into account, a limit value for fuel increase can

also be calculated using the permissible speed of pressure increase.
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Off-line processing Off-line processing

Memory _ Data logging <
(e =

c
R
s
Data input via g Calculation of On-line display Limiting control
memory P wall temperature ~ [®
3 difference
Wall temperature Control:

differences

Stfess calculation — L\

Stress calculation P [ o .
— PreSsure

Extfeme Stresses
valug filter : N K\
Determination of N

stress allowance W ‘K'kme

Calc{ilation of | [ Calculation of | \
conpponent component
exhiaustion exhaustion due| : Mre
: c 3

ure

™\

Interface

(7

due fp cycling | | to creep stress | : Circulation of
permissible :\/ A 2 >
: fluy/rereratu . U Y Time)
5 < 1 Kctualvalu
Detgrmination of | [Stress v 2/Permissible value
tota| exhaustion limits &, &, Aa,

- Fuel\pow!

Convepsion to N
- Steam pri& >

Fig ; documentation of a limiting control

Cc.21

The @ ol are the measured or calculated wall-temperature
differ omponents in the water/wet steam zone and |n the
super}v generator which are to be monitored. The permissible
fluid issible fuel power levels are calculated from the permissible
wall A selection circuit determines the most highly stressed
comp group and limits the assigned manipulated variable.

C.2.2

The neference variables of limiting control are the maximum permissible wall-temperature
differ¢nces of the assigned component. They are material and form specific anf are
dependent on the prevailing operating pressure and on the direction of temperature change
(start-up = temperature increase; shut-down = temperature drop). Limit values for the
subordinate control circuits of steam temperature, steam pressure and fuel control are formed
from the difference (permissible minus measured wall-temperature difference = wall-
temperature allowance) of a group of components. The maximum permissible fluid
temperature change on the interior of the component is calculated from the wall-temperature
allowance. The smallest temperature set point of a group of components gives the upper limit
value, i.e. the reference variables for the steam temperature, the steam pressure and the fuel

limiting control.
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Set point guidance

— 25—

Temperature control loop

’9HP target
bl
’95p W ’9HP
Min. —»{SPG o P
’-> x
5 HP component ¢
J s
e Max. Determination of allowances T/—ﬁ'
m
WY 5
Min. °
trans. 10°C | Wall temperatur,
differencg @
NS, I Q
Max. ; \:9\\>
Min. >
trans. " N
Steam temperature \
allowance
Other components — AS = §7
T O
Max. permissible M\‘ :%
temperature change
Permissible wall
temperature difference
AI=9, -3,
Run-down Stéam
i pressgure p
Run-up
oint guidance of steam temperature
Cc.23
Sever ables are used to limit wall-temperature differences. They| vary,
deper egies selected to prevent excess stress, between feed-water dontrol
valve control valves, and pressure-reducing, turbine inlet and fuel dontrol
valves. In thesCase~gf’components located in the water and wet steam zone, the actuatgrs for
adjusting ‘the feed-water flow, fuel power and steam pressure at the steam generator |outlet
are upedvas manipulated variables. In the case of components located in the superheated

steam zone, it'is often sufficient o use only the injection water conirol valves. If the regulating
range of the injection water control valves is exceeded, it may be necessary to use the fuel
valves and pressure-reducing valves.
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Operating behaviour

The component is usually designed for a preset load universe, made up of the following:

e number of cold start-ups

e number of warm start-ups

e number of hot start-ups

* number of large load changes

Sensiptetimmitimgcontrotisatso usedfor thesetoadTyTies:

C.31 Start-up

Component monitoring begins with the filling of the steam gen¢ ciated
incregse in component temperatures. The filling target value jeN| of the
permigsible temperature transient.

After fignition and the increase in fuel power, steam prad th an
incregse in pressure. Small pressure changes are a anges
in thel wet steam zone of the steam generator, particul (cold
start-ip). During start-up and increase in fl in the
comppnent acts as compressive stra internal
presslre acts as tensile stress. This ssible thermal stressgs are
availgble as an allowance in start-up\at Is rhiting control determings the
maximum permissible steam temperaty imum permissible fuel power from the
permigsible wall difference temperature § limit for these values.

C.3.2] Shut-down

During shut-down, o, due to the reduction in pressure and| fluid
tempgrature whj e stress. The allowances for the temperature
transipnts thus i S S e falls. As a temperature reduction is associatefd with
the pressure reduction int i ¥, a limiting of the steam pressure may already|occur
here. [The same applie perajure reductlon in the steam zone. If the reduction [in the
fluid-qide temper , the lower limit is set for the negative temperature
transient via

C.3.3

No high stresSscycles\usually arise with load changes. If a power station is used in the¢ mid-
power ranges»the tagge number of load cycles may also necessitate limiting control. In this
case, |[limiting has a restricting effect on the speed of load change.

C.3.4 Special operating situations

Special operating situations are operational faults which may lead to an increased component
exhaustion at various points in the steam generator. Such operating situations include, for
example, failures of units such as pumps, burners or consumers. Limiting controls of thermal
stresses barely come into consideration for control of such incidents, particularly in the upper
load range. Load limiting controls intervene here, which supersede the limiting controls of

therm

al stresses and render them inoperative.
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Annex D

Lower limiting of evaporator flow for once-through boilers

D.1 Task

The limiting control “evaporator flow”, like the limiting control “feed-water pumps”,

is part of

the oyerriding feed-water delivery function group. It ensures during operation of the

steam

generator that sufficient feed-water is available to cool each of the para
evapgrator tubes, and avoid excess temperatures, for example, due to fi

lel-flowN)h
evaporation.

For this, the evaporator flow, with steam generators operated acg¢ordin B_forse

principle, is limited to a minimum value. In low power opsg
evapgqrator flow leads to an excess of boiling water, which mus{

contrgl circuits and actuators in the water circuit. Some of th wer\deviegs are s

in Figure D.1. In load operation with a variable evaporatid eed-water f
the efaporator is equal to the saturated steam flow. is always
than the limit value for the triggering of the evapora evaporator floy

below
of a f

evapd mited until the tempe
contrg S iti begins and the water-level g
intervv . i iti , | ctures, the balancing cong
and t iteri itchi thexcirculating pumps are described in
detail|i

elapsed, to the trig
between variable and

eated

il flow
f the
tional
hown
ow to
higher
v falls
jering
fixed
rature
ontrol
itions
more

D.2

The feed-water ro s 0f’a “temperature controller”, which forms the set
point pof the eva “evqporator flow controller”, which acts on the actbuators
of thg 2),/In low power operation, the temperature confrol is
superp a l and balanced with the evaporator flow. Previous in-
stalleg pafticular in the type of limiting of the evaporator flow jor the
actua .1). Simplified control diagrams for three of these variants are
shown in Fid ? .3 and D 4. The assignments of the individual values are bfought
togett

1 The enthalpy in the slightly superheated zone (for example, after the separator) is frequently controlled instead

of the temperature.
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To the superheaters

Evaporator, Evaporator,
./ \/
Circuration
HCO Drai ECO Y
rain
flow
HP injection P inje€tion
flow flow

Feedwater flow
to the evaporator

Figure D.1a - Forced flow steam generato
with drain

To the superheatery

Evap

N

rator

EQ

{rculati
{
o < ow
Circulating
pump

From the
HP prgheaters

Figure Db - Forecd flow steam generatpr
with circulating pump in main flow

To the superheaters

Evaporator Con{iensate
low
./
ECO Y
Circula-
tion flow M~
\/ NS —

HP injection

Z [52 : flow

4 |

Feedweﬁer flow
to the evaporator

Figure D.1d - Forced flow steam generator

with circulating pump in bypass flow

From the
HP preheaters

-

HP injec-
tion flow
Feeawater flow
to the evaporator i

Feedwater
Tank

HP
heater

Feedwater
pump

Figure D.1c - Forced flow steam generator
with start-up heat exchanger

Figure D.1 — Start-up system for start-up low power operation
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Evaporator
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Q
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ontrolled ‘varia
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V: 19E
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F
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controller si als
/ " \Z\\>
2
QX\\
gﬁ\ > .(\ N
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flow controller \ Py Max

MEww

Final control element

es . is replaced by en_ in enthalpy calculation

Figure D.2 — Feed-water control with circulating pump in main flow
(Table D.1b)
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%) €s5e
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Circulating
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Level
controller

controller
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Yoy
7
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Refefence variable

X2

ien @

Wa

Evaporator
flow controller

O

i ®

1

«————
MEw_< Mgmin.

1Y

1

Final control element

is replaced by €he in enthalpy calculation

Figure D.3 — Feed-water control with circulating pump in bypass flow

(Table D.1c)
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Figure D.4 — Feed-water control with circulating via feed-water pump
(Table D.1d)
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Table D.1
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Controlled variable

Reference variable

Manipulated
variable

Actuator

Circulation via
feed-water pump
(Figure D.1a)

Evaporator flow

Required minimum
evaporator flow

Feed-water flow

Feed-water pump or
feed-water control
valve

Circulation with
pump in main flow
(Figure D.1b, D.2)

Evaporator flow

Required minimum
evaporator flow

Circulation water flow

Circulation control
valve

Circulation with
pump in_bypass

Evaporator flow

Required minimum
evapaorator flow

Feed-water flow

Feed-water pump or
feed-water cantrol

flow (Higure D.1c,
D.3)

AL%

Circulation via
feed-wjater pump
(Figur¢ D.1d, D.4)

Evaporator flow

Required minimum
evaporator flow

Feed-water ro

d water pump

D.21

The measured evaporator inlet flow, known in shor{ as
variahle for limiting control in all four variants.

D.2.2

The reference variable is a lower limit
maximum select.

via a

D.2.3

Manipulated va

Controlled variable

Reference variable

During low power ope, atiqn

water

the feled-water a
is usgd to contr

he exap

pulated variables are possible in the a
ther the feed-water or the circulation-watgr flow
second regulated variable is used to contrpl the

ow,

is the controlled

aporator set-point flow mg i, which acts

rea of

D.3

D.3.1

The ¢ ow is
less t r time
of thel feed-water and evaporator flow as a function of fuel increase during start-up. In phase
I, the water level and the evaporator flow are controlled simultaneously. As soon as, at time
(1) the c - C c ' I -ated-water

reflux, a structure shlft to temperature control is possible. ThIS structure shift takes place
automatically in phase Il. Further details are described in D.3.3. The temperature is controlled
in phase Ill. The feed-water flow increases, as the fuel power increases, above the evaporator
minimum flow and ends the intervention of the limiting control.
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Fuel power A .

v

Automatic
transition

Flows 4
Live steam flow
-+*"“HP injection flow

et
Evaporator 4 4 /“ \

Reflux
4 Minimtum
Feed water_ A | evapgrator flow
'y (AN

Temperature set point

2
\J

Feed water flow

Temperature «+eeseee-
Enthalpy
Evaporator end

ater level
ih separating
Jessel

Warm holding water
level

D.3.2

The fu ed during shut-down. The temporal changes in feed-watef and
evapgrator S igure D.6 are associated with this. The evaporator flow limiting
contrgl become ative when the evaporator flow has reached its lower limit value at time

(1) inf Figure~D.6\Edrther reduction of the feed water is prevented in phase Il unfil the
superheating behind the evaporator has fallen and the water level in the vessel ¢f the
separptQris sufficient to start the circulating pump, or the control valve for discharge pf the
water arising has intervened. The structure shift occurs automatically in this second phase. In
phase lll, the evaporator flow limiting control returns to continuous intervention.
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Fuel power A .

..........

\ 4

Automatic

transition
Flows 4 Live steam flow /\t\ >
HP injection flow oy .

Feed water flow

Ay
\&

Evaporator

Reflux
Xe{wate
4

Minimum
evaporator flow —

T .
Temperature «+«eeee- Alemperature set point T .
Bnthalpy Superheating
Bvaporator end
Water level A
in separating
\essel

Warm holding water

level

D.3.3
Evapc gWNMiting S Res in the event of load changes when the steam generator is
run in i ati prator

flow i

As th n the
transifion from for ed’once-through to forced circulation operation until the evaporator ftarget
flow reaches the minimum evaporator flow and is limited. The superheating of the stdam is
reducedas a result of the limiting of the evaporator flow. The temperature controller remains
operative until the evaporator outlet temperature has fallen below its set point and the
following criteria are fulfilled:

Fe<Fewn Mew £ Memin
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The temperature controller must then be balanced with the evaporator flow and rapidly
followed up. Figures D.2 to D.4 show this balancing process.

The increased arising of boiling water fulfils the switch-on conditions for the circulating pump
and/or brings the water-level control into operation. The follow-up conditions of the
temperature controller shown in Figures D.2 to D.4 always, i.e. even when the limiting control
intervenes, allow an increase in the evaporator target flow. The balancing of the temperature
controller with the limit value minimum evaporator flow is always interrupted if some
evaporator tubes are subjected to excess superheating as a result of heating changes and the
measured controlled variable J¢ is greater than its reference variable J,. Even in the event
of planned load increases, the set point of the evaporator feed forward flow may rise above
the ejaporator minimum flow by means of feed forward controls in spite of insufficient
superheating. This must be prevented by balancing with the limit valuel In beth caseps, the
limiting of the evaporator flow is immediately superseded by the erriding pMemperature
contrgl. This makes reciprocal intervention of the water level, temperature agd“eyapprator
flow limiting possible in the transition zone

D.3.4| Special operating situations

In order to avoid actuation of the protection criteria “evaporator#{ow below’minimum”,| even
extreme operational faults must be controlled. In the gvent of fatkure of q circulating pumlp, the
feed-yater flow must be increased to the lower limit value™of th§

With the variant in Figure D.1 c, thig” o¢ 5 mati pf the
evapgqrator flow acts on the manipulate & ater flgw. With the variant in Figure
D.1b,[ the set point of the feed-water e i of the
evapgqrator flow.
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Annex E

Limiting controls on the feed-water function group

E.1 Task

The task of the feed-water function group is to supply the steam generators with feed water.

This ?wmwmwmmmmo %
(relat¢d to nominal capacity) depending on the steam generator capacit igure E.A4) shows

the plpnt overview of a typical feed-water function group.

The task of the control device is as follows:

e to| control the feed-water flow to the evaporator in accordd ith - rence
vdriable, whereby throttling losses should be avoided as far g N

e where several feed-water pumps are operating in p ¢ 3 load
syinchronization;

e to 1 load

« to
ar
th

e esign
sific’ Operational structures depending on
i each case (see Figure E.2).

Such theHoundary conditions given in E[1.1 to
E.1.4 ificati zed-water pumps, and the opergtional
requif -

E.1.1 r pumps, the delivery water flow may npt fall

below ) or keep them at specified minimum flow

by us

E.1.2 e axial forces on pump rotors as a result of insufficient
dynami e pump outlet pressure may not fall below the limit pregsure,

which|is™d -\- on_ the Ylelivery (Figure E.2; py 2 pp, ).

low fg¢ed-water requirements (down to zero values), the pump outlet pressure may npt fall
below a\specific minimum pressure (Figure E.2; py 2 pn... ), as otherwise there is a danger of
grazing the rotor blades' rubbering.

E.1.3| To facilitate.gutomatic, i.e. controlled, start-up and shut-down operation, even aEvery

E.1.4 To avoid cavitation damage in the feed-water pumps due to partial evaporation in the
suction pipe, the rate of pressure decrease in the feed-water tank must be limited to a

maximum value (= Pewr = Pewtmax )

E.1.5 To avoid flow instabilities in the parallel evaporator tubes of forced flow steam

generators, the evaporator flow may not fall below a specific minimum (rhE ZrhEmin). This

limit is dealt with in detail in Annex D, in particular in relation to various steam generator low
power circuits. It is only included in this example in that it falls within the feed-water function
group together with the other limits referred to here.
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E.1.6 To ensure an adequate injection water pressure, principally with natural circulation
steam generators, the pressure may not fall below a preset differential pressure between the

high-pressure steam outlet pressure and the pump outlet pressure (pp 2 pPupp + BPmin) -

E.1.7 To protect the piping system, the pump outlet pressure must be prevented from
exceeding a permissible pressure pp..,, Which is conditioned on design grounds (see Figure
E.2).

E.1.8 To prevent the feed-water flow to the evaporator from deviating excessively from the
set point during start-up and shut-down or load transfer, the transient of the pump to be run
up off down must, Under certain circumstances, be restricted (shown in_Figure E.4 and

descr|bed in Clause E.4).

R
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Figure E.1 — Plant overview of feed-water function group
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PDmax. ]

Limit curve

Control limit
curve

E.2

Figur¢ E.3 shows the functional dia ’ opntrol system. To aid understapding,
consi [ e feed-water pump system and the
contrg (and not two, as in Figure H.1, or
three ¥ N power valve) and one evaporator system
are as

The p i iffe p\dri¥es and pump sizes, taking into account dingle-
and n sitions between them, the problems of recircylation
opera i segéwater flows of several evaporator lanes to different
heatings are not of the
feed-yater pumpsi\is & ibeéd (boundary conditions E.1.1). In addition, the prgssure
drop ed-wate\ pump outlet and the feed-water control valve areg also
disreg : Wthe pummg outlet pressure pyis used as the pressure-controlled vdriable
for thg pu  OF implifjcation (see Table E.1). All the devices for signal adaptation and
gain 3

In acqordance with the task according to Clause E.1, the following assignments of contfolled,
referelnce and regulated variables arise.
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Table E.1 — Assignment of controlled references and regulated variables

Controlled variable Reference variable Manipulated variable
Feed-water flow to the evaporator . a) Feed-water pump speed (if
: a) Output signal M EW of the feed- Py >P; or Bh=Py)
me water master controller (if no
recirculation operation) b) Throttling with feed-water
control valve (if pyw <FPz)
b) Minimum value 71 vmin (if
recirculation operation)
Feed-weterpump-gdetvery-pressore 5 =0 Airol
Po
b)  Pupo +APmin (if recirculation
operation)
€c)  Pomin (vVia maximum select, see >Fe
Figure E.2)
d)  Pbmax /\ X
NOTE| Pyy is the reference variable for the steam generator capagity~P N tMan W for the assignment
from gontrolled variable to manipulated variable. It is dependent’on the desigh_of the\feed-water pumps: it must
not be|confused with the transition from recirculation to once-th oug}a"&Pera ion-
E.3 | Operating behaviour
While| each of the two controllers shown in Figure s\assigned to its manipulated vgriable
on a|[fixed basis, the controlled and\ refe ables, along with the controllers, are
assighed automatically i : i hefabledepending on the operating cond|tions.
This is described below.
E.3.1 Upper ;{}
The r|ght input intg p egative. The output of the minimum select i$ thus
also negative. Limi al to zero. The output signals of limiters 3 and 4 also
remaip zero indegenygen e of their input signals (the control difference eqyg and
epD Of S goes unchanged into the feed-water pump speed conftroller
5; this iS controller regulates the evaporator flow mg at the value mew fprmed
by th¢ feed>wate Q control, provided that this is greater than the evaporator minimum
flow memin, Whichis génerally the case at power levels By > P (maximum select 7, boyndary
condifion,E<1.5), provided that the pump outlet pressure is less than pp,,, (Minimum select 9,
boun ary condition E 1 7) and prn\/irlnrl that the rate of pressure rlrnp inthe feed-water thnk is
not greater than — ppywtmax (Minimum select 9, boundary condition E.1.4).

In accordance with the task set, the feed-water control valve should be fully opened if
possible in this load range to avoid throttling losses, i.e.:

» provided that a sufficient differential pressure Ap,, is available between the pump outlet

pr

essure pp and the high pressure outlet pressure pppo (boundary condition E.1.6)

* provided that the pump outlet pressure pg lies above the limit curve pp_ :f(ﬁzD)
(boundary condition E.1.2)

e and provided that the pump delivery pressure pp is greater than the desired minimum
delivery pressure ppmin (boundary condition E.1.3).
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As the control difference eypis negative in the assumption that none of these boundary

conditions is reached, controller 6 will fully open the feed-water control valve in accordance
with the task.

If the pump delivery pressure pp reaches or falls below the greatest of these limit values
(maximum select 8) because of particular operating conditions, the control difference ey,

which has previously been negative, becomes zero or positive, and controller 6 will throttle
the feed-water control valve such that a permissible pump outlet pressure pp arises via the

feed-water flow control using controller 5.

E.3.2 Low power range (Py < Fc)

In thg load range below P, the control tasks of the feed-water putnp afd\thepteediwater

contrgl valve should be exchanged for operation in the upper Ida r.ex\ thexgontrol

differgnce e shown on the right in the diagram must be supplied to\controlter 8, and the
mE

contrgl error e,p shown on the left in the diagram must be s iedyto\ controller 5| This

structure shift takes place in analogue or quasi-analogue i ng the limiting device

shown in the centre of the diagram, which, in contra hina ift, facilitates a smooth,

overlgpping transition.

The pfocess is as follows.

With falling power, the right input signahinto select” 1, which has previously| been
negatjve, becomes positive. (The left input signa has a greater positive value, as the
limit alue derived from the high-pressuyre quthef ¢ is higher than the pump limit ¢urve,
and if is therefore eliminated\in pminimumMm selé .) This positive signal is accepted by |imiter

2 and|opens limiters 3 andMd in achons to thé extent that the power set point By falls.

If the [control differences ¢ maller than or equal to the signal derived from
the difference P i ed\at'the controllers assigned to them and supplied to
the other controllef jn eact instead’ By selecting the gain of limiter 2, the overlap| band
width[is obtained, if\w e”transition occurs. This overlap not only brings about a

completely smoo { also assists control behaviour in the event of considgrable
and rppid chéng ple, in the event of faults, as in these cases both acthators
suppqrt S L puihp limit curve is formed as a function of the pump delivery nﬁD,
a pogitive~feedsbask>effect would occur, if the pump pressure were to be controlled via

contrgller 5 b feed-water pump speed. The control structure which is othgrwise
reseryed for\the uppep power range must therefore also be operative in the low load range in
the case of the pump limit curve being reached. This is brought about by the left input gignal
into the{minimum select 1 becoming zero in the case of the pump curve being reached, and
thus v TR . v o value o .
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with limiting and structure shift

C
< iy
SRR ) |
%§}> jf o
-~ -
P\
_®7


https://iecnorm.com/api/?name=dcfc7933b91b922a8fc793617f668a59

TR 62140-1 O IEC:2002(E)

—43 —

Feed-
water
guidance

Evaporator

Start-up
vessel

xy

z

SR

M

i~
5

e Right
@ limit % \
curve
m X e \
| x %»\
¢ AN
Min. |e. RN
4§ § \/
2
(X
y 4_| \j
Pl ] Min.
4-‘ Smooth Y
\/ synchronija-[*
——x tion circult ~«— F Synchron
Min for MA/ 9L, l«— o ization
N x ¥ )\ YorF variables
(P) \ synchroniga- of other
Feed water 2 Mg tiop wit.h pumps
header P »- a-trimmirlg
EI F Y
Q PI
\/ y
; vy v y
Transient formation Target value formation
for start-up/shut-down —» : - for start-up/shut-down Logic
and load shift operation| and load shift operation|
]
R (

¢

]

Start-up/Shut-down
and load shift

7

Minimum

flow

A

commands,
plant criteria,
synchronisation
commands

Figure E.4 — General plan of feed-water control with speed-controlled E-pump
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E.3.3 Load changes

The limiting controls are generally only operative in start-up and shut-down operation, in the
lower partial load range, particularly in sliding pressure operation, and where the feed-water
pumps are designed as partial load pumps. In the upper power range, no limiting can be
expected in fault-free operation.

E.4 Further control structures

Figure E.4 shows, as a variant to Figure E.3, a functional diagram, in which the flow control is
a|Way UCIII;UCII uut = CVTITI ;II thc :UVV }JUVVUI |a||yc - by \;:‘Ialls;llu thc punlp DPCU . The
followjing assignments of controlled, reference and manipulated variabl (seeTable
E.2).

Table E.2 - Assignment of controlled references and mahijp

Controlled variable Reference variable \%ni\;\ulahw}}riable

Output signal of the feed-water er pu speed n
control device (corresponds e

tlon

Feed-water flow to the vaporator mg
minimum flow mEmm in recirc

operation)
Feed-w ump e p W,O Feeg~water pump speed when|n ..
downstheam urve fi water control valve is regched

. Required imu ivery\as ro Feed-water minimum volume yalve
Feed-water delivery of the pump mp )

recirculdtion

D)
}‘ee?—w\te Wessure pmin Feed-water control valve
Feed-water pressure p

ed\tQ}f\mlr}ﬁsum pressure pmax Feed-water pump speed

The v twater
contrd ts the
speed ontrol
differen control error between the feed-water set point and the pactual

feed-yate A\ to the fore. However, if the operating point approaches a limit
charag g E.2), the corresponding control error takes over, as it then begomes
the smaller.‘For the rjght limit curve, which is derived from the feed-water pressure usging a
functipn génerator, there are, in the event of convergence, preselector stages which intgrvene

to varying,degrees, in order to protect the pump in any circumstances, i.e. to prevent the limit
curve fram haina nvnnnﬂnd Thn r\nni'urr\| da\llna \u||| 'FIV'C‘+ r\f '3“ trvto !Iaer\ to-tha r\nnh-rl ||m|t

o ooy — o7 Ty P to— e oot T

curve, and the pump is SW|tched off only when the actual limit curve is reached. To keep to
lower limit curve, the low power control valve is brought into play if required, in order to obtain
a pressure increase by throttling.

If there is a danger that the maximum limit pressure will be exceeded, the corresponding
control difference kicks in on the minimum select device and reduces the pump speed via the
Pl controller. If several pumps are in operation, a smooth synchronizing circuit ensures the
required synchronization of pumps. A choice is possible here between master/slave operation
or position synchronization/flow synchronization. Trimming is possible.

Another programme part ensures orderly start-up and shut-down of the pump, or load transfer
from one pump to another. A controllable follow-up device behind the Pl controller obtains the
target value and transient and outputs the corresponding regulating signal.
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