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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FOSSIL-FIRED STEAM POWER STATIONS -

Part 2: Drum-level control

FOREWORD
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Enquiry draft Report on voting
65/272/CDV 65/284/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 ISO/IEC 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* withdrawn;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.
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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 actual
barrigrs to international trade.

The rleed for new standards formalizing an internationally agreed agproaeh S s the
functipnal need of fossil-fired power plant operators and suppliersAs i ifted [by all
the experts. Such documents could facilitate and develop the inte ki 3 iin this
particular domain for the profit of the suppliers and the cus \ ' series
should consider the existing national documents presenting hnical
basis

In the gtrictly
consi e. It is only aimed at
stimu views on the subjeg¢t and

shoul

There

The T
drum-

eircuits of steam generators, such as
at under normal operational conditions.

The reports of the se e ; al means to ensure proper operation also junder
restri¢ted condi@ ; ing\tuprup and run-down or in the event of anomalous
operafing states, W Ith upe cordinated control circuits, for example, load dontrol
or frequency controf S : S eports refer generally to the power station unif as a
whole|.

Each ithine th eries is independent from each other; their contents, hoyever,
are largely i
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FOSSIL-FIRED STEAM POWER STATIONS -

Part 2: Drum-level control

1 Scope

This Technical Report deals with drum-level control of fossil-fired steam power stations with
naturgtor-forced—circutation:

The report starts with a description of the controlled system, its st
behayiour in steady, transient and disturbance state. From this, the re
may pe developed. Consequently, three well-proven configuratidns “of
shown and the field of application of each is given. The report et

the measuring elements and actuators which are necessary to

Therg may be special
monitpring and safety equipments, and they would have to®

2 Controlled system

21 Description of controlled system

Feed |water is fed to the circulating s ¢ orced
circulation, and saturated steam and (eve If the
infed pnd removed mass flg i € xths ystem
chandes, whereby the cKange_iy Wi ' n the
mass|flows. Generally, on

availgble as a measurne ' i some
stean] generatorsna i urther
relevgnce in thi e upper drum — in the following only referfed to
as dréim — change¥ g difference between the mass flows. The task jof the
drum4level control ist he feed-water flow to the steam flow in order td keep
the dfum-level withi i mits. /The spray water flow used for steam desuperhgating

bypagsing the~dr 3 blow-down water flow from the drum — in order to rgmove
impurfties — ! ken into account here as disturbance variables. The| main
disturpa ariak r, is the steam flow delivered by the steam generatpr; in

additipn, isturhance variables, such as, for example, steam pressure, feed{water
presshre, furn i

2.2 |Structure and design

The behaviourofthecontrolled systemisinfluenece
221 Size of the drum

The required minimum size of the drum is generally determined by the task of separating the
saturated steam from the circulating water. The smaller the drum in relation to the boiler
capacity, the more difficult level control becomes. This results from the influence of the
maximum rate of change of the water level on control behaviour.

2.3 Position of the water-level set point in the drum

The water-level set point is determined by the design of the drum. As far as possible it should
be positioned so that the rate of change of the water level is as small as possible, for
example, half-way up a horizontal round drum.
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2.3.1 Size and position of economizer

The enthalpy of the water on entry to the drum should be as close as possible to the saturated

liquid enthalpy.

2.4 Steady-state and transient behaviour

2.41 Ideal control behaviour, definitions

A simple water-level controlled system displays “integral” behaviour as a “compensation-free

controlled system” (see Figure 1a). This can be described using integration time 7.

2.4.2 Deviations from ideal control behaviour

The dctual control behaviour of the water level deviates from the ided
varioys reasons. A more accurate determination, however,
mation is generally suff|C|ent to descnbe the control behaviour. The

presspire- and temperature-dependent. As a result of this,
delayftime phenomena may arise.

If preheating does not take place up to boiling tempgrature in
the control flow mgy reduces the void content of the
transifory drop of the water level [ (se Flgure

minimum phase response, with 7,
cannqt easily be described and causes
treatment.

/

/

mMEW

- -
t
! Tnmpr T1

Ideal behaviour Figure 1b — Real behaviour

Figure 1 — Control behaviour of water level /

iqur for

proxi-
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uid is
lar to

ase in
5 in a
(non-
onse)
retical

2.4.3 Disturbance behaviour

In order to design the control structure and equipment and to predict the achievable control per-
formance, it is necessary to know, in addition to the control behaviour, the disturbance behaviour

and the fluctuations in the disturbance variables by size, direction and change over time.

The principal disturbance variables are:

— change in steam flow mg;

— change in steam pressure p;

— change in furnace output mg.
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Transfer functions in accordance with Figure 2 may occur as effects of these disturbance
variables.

3 Formulation of control task

3.1 Control set point

The desired operational water level forms the set point for the controlled variable (Figure 3),
which may be adjusted by the operator. The permissible steady-state and transitory
deviations depend on the design of the steam generator. The actual value may not, on any
occasion, fall below the licensed minimum water level, nor exceed the designed permissible

the dgsigned permissible limits.

mg

Ms
- L
P
Figufe 2a — Single-step\change Figure 2b — Single-step change Figure 2c - Single-step change in
in steam flow mn in steam pressure p furnace output mg

. - 4 1 17
= dlTl ICvVEl/
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Artificial condensate level

. Distance to . .
Lowest _ Steam pipes : Maximum permissible range for
steam steam drying steady-state control deviation, for
extraction / load-dependant set-point adjustment
v __ e 57 _ N i or as prportional band for a P-controller
Y/ N\ [ — N v
Set point Minimum Control _71\_\\______ __
D A measuring --- ra(;n go
Highest range 9 VoA /.
downcomer i
conr@ction e S J{ ________ T _\\
7r\\\ \\ Maximum-possible.
" Downcomers \

Differential pressure legs measuring e

Safety distance which is
considered necessary or
legally prescribed

Figure 3 — Measuring and control

3.2 |Control performance requirements
3.21 Definition of control performa

In drdm-level control, the control perfor i i -state
contrgl difference and the transitory coftrol diffe

3.2.2 Influences on cd

The cpntrol performance.is i selected configuration of the control circuit (see
Clausk 3), the control 8 ! af the controlled system (see 2.3.1 and 2.3]2), by
the d sturbance" i g controlled system, particularly with large and
rapid Joad changes : and\yy the properties of the measuring devices (see 4.1) and

the cqntrol devices

3.2.3

Steadly-sta 5 contfol differences may not exceed the limits indicated in Figure 3.
This plso. applies tosload\ changes. More stringent demands do not result in opergtional
advarjtages: behaviour should be sufficiently damped. Stochastic fluctugtions,

also described _as_“noise”, should not affect the control flow in the load range between fyll and
minimum Jead by more than +£2 % related to full-load flow.

4 Configurations of the control circuits

The configuration of the control circuit which it is advisable to select depends on the following
conditions.

a) The transfer function of the drum level (see Figure 1).

b) The required speed of the load change of the boiler.

c) The time response of the furnace and the heat transmission through the heating surfaces.
d) The differential pressure fluctuations which occur at the control valve for feed-water flow.
e) The deviations of the actual valve characteristic from that desired (see 5.2.1.3).

f) The requirements of the constancy of the drum level.
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Control configurations already applied took up to four variables into consideration:

— Drum level I controlled variable

— position of actuator y: regulated variable

— feed-water flow mpyy : control flow

— steam flow m: main disturbance variable

The usual control circuits differ in the number of variables used and their coupling structure.

4.1 Single-element control

Only lone element, namely the water level, is fed to a P respectively Pl “sontroller and
compgred with the set point (Figure 4a). This simple control circui e and
possibly non-permissible transitory control deviations with largef\ s load
chandes, and also, if certain limits are exceeded, in the conditions given
4.2 |Three-element control
With |three-element control, the feed-water flow, er-level dontrol
differgnce and the steam flow, are sent to a Pl contrg lar feed-water 1|:ow is
assigned to each steam flow. This assignment is i 2ted in the event of a
contrgl difference of the water level. In spite of/ ¢ ady-state control devigtions,
such gs measuring errors in the stea ‘ syrement, may arise as afresult
of thg proportional water-level “correctj f S inantly used because|of its
simplicity (Figure 4b).
4.3 |Three element control as cascade
With this circuit, a controller, as a
functipn of the stea ler in
accorflance with 3.1, t B way
that njp steady-so
[}
y
Wy
I
{Z
: 2
X w W2
P \PI/ PI
y y XO—IJ/Z
Figure 4a — Single-element Figure 4b — Three-element control | Figure 4c — Three-element control

control as cascade circuit

Figure 4 — Configurations of the control circuit
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5 Realization of the control circuit

5.1 Measuring element

The most important measured variable is the height of the drum water level (controlled
variable). Because of thermodynamic and flow processes, there is no homogenous water level
in the drum. Each measuring device can therefore only display an apparent mean water level.
In addition, most measuring techniques are encumbered with systematic errors.

If two parallel local water gauges are present then the tappings for the remote water-level
measurements should be positioned between the local ones. If only one local water gauge is
preseit, tne remote waler measurement snoula be positioneo nearvy. Al attermative P ctice
is to yse the average of two measurements at either end of the drum.

The ipfluence of downcomers, risers and feed-water inlets has alsd when

desigping the location of the tappings.

Even [using high-accuracy measuring devices, differences b ¢ \IN1E present and
exterpally measurable water levels will remain due to gystematicherrors\in the individual
measyring processes. They have to be taken into accountt SSigRI é control rapge.

51.1 Physical measuring techniques

The differential pressure technique ha C od in
powefr stations. As a measure of the wa el i e drum, the difference in the hydrgstatic
presspires between the drum level and\an “qriificiak condensate level is being used (see
Figur¢ 3). The method implies that, afso in th : tate condition, a change in density

insidg the drum generally causes a m . artificial condensate level shoyld lie
only glightly above the highest wa easured, and the lower extraction poir|t only
slightly below the lowest S . The differential pressure lines muist be
installed so that they 5 ) serature as possible from the height of the|lower
extragtion point. If thes i iflcations are not complied with, even slight changes in
the ambient tem 3 3 M ring errors due to change in the densities|in the
measpring lines. glja 3

Other| measuring teghr as that according to the buoyancy principle using a

In general, them errors of the measuring devices used are less than the systgmatic
meas(iring error e drum-level measurement described. If the operating state differs from
that for which a measuring device is designed, in particular during start-up of the boiler| or in
case pfésliding pressure operation, considerable measuring errors arise, due to the deyiation

of th r'lnncdy from-the r'lnmgn state,which cause-a \A1|r|nn|ng and-shift in the |nr'l|r\9hng gange.

In this case, corresponding corrections have to be applied.

51.3 Time response

The measuring device should respond to changes in the drum-level with as small a delay as
possible. It is recommended that the measuring device be designed in such a way that it
shows an error of maximum 10 % of the control range (Figure 3) if this range is run through at
the greatest possible rate of change.
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5.1.4 Measurement transducer for steam flow and feed-water flow

Usual flow measuring devices can be used. Although systematic errors are of secondary
importance for steady-state behaviour, sensitivity must be high and hysteresis low. Under
certain circumstances, for example, in case of sliding pressure operation, a state correction
should be provided for in the steam flow measurement. The delay times of the steam flow and
feed-water flow transducers have to be short, as they can be neglected with respect to the
rate of flow changes which may occur during operation

5.2 Actuators for regulating feed-water flow

The ‘fehm—messmrmqtmedﬁrcomy—me—femhmrhﬂc—ﬁwe—stm—genaamr is
generated by one or more full-load or part-load feed-water pumps. The fe an be
regulated by throttling or by changing the feed-water pump speed. Liming
as little energy as possible, the feed-water flow control elements shg ioned
so that they comply with the control requirements. All the feed-gat nents
have fo be designed in accordance with the national guidelines.

5.2.1 General properties

5214 System and pump characteristics

Line @ indicates the pressure in the\constaf the steam generator| feed
charapteristic b shows the pressure at the infeed gam generator as a funciion of
water|flow. The difference between lines s ponds to the flow resistance befween
the infeed point and the constant pressure ML difference between lines b pnd c
indicdtes the pressure drgp. in the feed lin ne apparatus between the pump and the
infeeq point as a functign o The ~difference between the lines ¢ and d
corregponds to the atic heig i between the feed-water pump anfd the
superheater outlet. Sys 3 y i¢’d indiedtes the pressure required at the discharge

nozzl¢ of the feedwa Q 8 G , [ in the
presspre drop in & \ ale’which is required under certain circumstanges.

Pump| characteris C\e gssure arising at the discharge nozzle of the feediwater
pump|under opers s a function of the water flow through the pump (delivery)
at a spt speed. M e esults from the pressure at the suction nozzle of the feed{water
pump| plus_the incregse in the pump at operating temperature. The feed-water flow
resultp the I|very of the pump after deduction of the flow which may be diyerted

i ‘ flow valve and the injection water flow. The difference befween
ts the pressure difference at the feed-water control valve.

lines ¢ and e re rese

5.21. Control range

The control range must include the following limits.

— If special start-up and shut-down control valves are present, the control range of the main
actuator, or actuators, should be so designed that the minimum flow to be controlled
should lie at approximately 20 % of the minimum load below the minimum boiler load,
under certain circumstances also at reduced operating pressure. (The feed-water control
elements should, as far as possible, not be determining factors for the lower boiler power
limit.)
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Pump characteristic after subtraction
of injection water flows

. —

Pressure p

Ap feed-water
~ control valve

f _Geodetic high
difference

- If
ah
— Th
hi
pr
— Th

Pressure in the constant pressure point
(in this case the steam generator outlet)

Pump delivery mp

essure.

e influence of calculated tolerances, wea

st be

br the
drum

ce, in

addition to legal regulations regarding(the rey Id be
taken into consideratiopin the desig octu
5.21B Characteristi
The characteris th i ' alye trim characteristic, indicates the control flow as
a fungtion of the \pdsiti at the differential pressure which arises from the
corregponding syste 9 cteristics. This characteristic should be as lingar as
possible in the rahge % m and minimum load of the steam generator. (\Vhere
appligable, non-lineakitie ¢ taken into consideration within the framework of the
instrumentation.
5.21.4
The cpntrol time be adjusted to the rate of change of the disturbance variables, taking
into cpnsidération the'travel time. 30 s can be assumed as a standard value.
5.2.2 L_Control-by altering-pump-speed

The feed-water flow is regulated by altering the speed of the pump, or pumps, so that the
pump characteristic e4...e; cuts the system characteristic d at the required pump delivery
(Figure 6).

5.2.2.

1 Drives

There is a series of variable-speed drives which have special properties. Where such a drive
is selected, both the control and economic aspects must be taken into consideration.
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—

Pressure p

Pump delivery mp

Figure 6 — Family of characteristics with alteration of e
5.2.2.p Characteristics
The relationship between speed and pump delivery at a p ~ o sure is constant,
but not linear. The relationship between regulated varié 3 Qf the€ drive machine at
corregponding load is largely non-linear. The whole /characteristi ted variable to [pump

delivgry therefore also generally deviates from dependency. An approxi-
mation of the linear characteristic is Qossib electronical linearigation
betwgen actuator and drive or by fe€ G i ddiate variables, for exgmple,
speed or delivery. (Modern speed varia . ostly have internal eledtronic
speed controls.)

5.2.3 Control by throt

The feed-water flow i i low resistance between the unconfrolled
feed-yater pump and the\i ~ a€rator by additional throttling of the actuator
(feed{water con mp characteristic e cuts the altered system
charafteristic d1® { 8 o delivery (Figure 7).

o—

Pump delivery m,

Figure 7 — Family of characteristics with throttling
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