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ANALYSIS OF THE STEAM GENERATOR
CONTROL SYSTEM

Tverdakhlily Kirill
Master Shulent
Eharkiv National University of Radio Eleciromics

The IITB- 1000 steam genesalor consists of several main parls: a casing, heal
exchange lubes, a separator, collectars, pipes for supplying and discharging coalan

and steam, and control and measuring devices. The sleam generalor vessel is a
cylindrical high-pressure vessel made of special alloys that can withsiand  high

temnperatures and pressures, [nside the wvessel are beal exchange bes thal fom a
bundle through which the coolant cireulates [1, 2].

The controd system of the IITB- 1000 steam generator is a key element o ensure
safe and efficient operation of this equipment. It consists of several subsystems and

components (hal manilor and comrol the main parameters ol the slesm genesalor,
These parameders include water level, pressure, wempesature, steam quality, and the

condition of siructural materials |1, 2].
Cie of the most impariant aspecis of the control sysiem is moniloring ihe waler

lewel in the sieam drom. These sersors provide contineeus monitoring of the waler
level and iransmil signals o the central control wndl. IF the water level devdates from
the el limits, the system automatically adjusis the feed water supply or draing the
exces, This i eritical, as too Jow & water bevel can lead o overheating of the heal
exchanger ubes, and oo high a water level can lead (o a deterionuion in steam quality
|2].

The steam generator pressure confrol system consists of several componenis,
including pressure gauges, pressure sensors, amd swlomatic control systems. The
pressure sensars, inlurn, ransasl dada o a central contral unil, whens they analyze and
rake decisions on pressure control. In case of exceeding the permissible pressure, the
Emergency prolecion sysiem is aviomatically iriggered 0 reduce the pressure by

apeing (he steam or water reliel valves.
Thee dala Froon Uhesee sensors ane also ransoitis] o be central comrol unil, whers

thesy are amalyzed o maintain oplimal thermal conditions |2, 3].
The steam quality conrol system ncludes homidity and sleam compasition

sersars, Wet steam can lead (o erosion of lurbdne blades, 5o it s imporiant 1o ensure its
high qualily. Humidity sensors determine the level of sieam saluration and (ransmil

data to the central control unil, which adjuses the operation of separalion syslems W
ensure dry sleam.

The condition of e materials of the steam geserator struciare is monilonsd using
a non-destrwctive testing (NDT) system, This system includes ulirasonic, X-ry, and

mesgnetic medbods thal allow detecting defects and microcracks in materials [2].
Regular inspections allow Tor timely detection and eliminstion of pedential problems,
ensuring the durability and salety of the sleam generator.
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The central control unit is the brain of the control system. [t collects data from all
sensors and analyzes it in real time, using this data 1o make decisions aboul adjusting
various parameters of the steam generatoe. [t also provides an interface for the operator,
who can monitor and manually control the system as needed. In the event of anomalies
or emergencies, the central control unit swomatically activates the appropriate
prolection measures.

The steam generator control system also includes backup and emergency systems
that provide an additional level of safety [2]. For example, emergency pressure valves
automatically open in the event of a critical pressure increase, which prevents
equipment destruction. Backup power syslems ensure continuous operation of the
control system even in the event of a power ouwtage. Regular maintenance and
irspection of all cnn\c::ms is an integral part of the coatrol system. This includes
calibrating sensors, checking connections, testing emergency systems, and updating
the ceniral control unit soflware. Performing these activities ensures thal the control
system remains efficient and reliable throughout the life of the steam generator.

To better understand this, bere is an example of a top-level video of the feedwater
control system (Fig. 1), which is cne of the key systems that ensure stable and safe
operation of a nuclear po plant.

Fig. 1 = Feedwaser managemess system

The main function of the feedwater control system is to automatically maintain
the optimal water Jevel in the steam ator, which avoids both pipe overheating and
hydraulic shocks {2, 3]. This is through a set of sensors, regulators and
actuators that work in close cooperation.

For example, if we imagine a top-level video of a feedwater management system,
we see a complex image that demonstrates the interaction of all system elements: from
water level sensors 1o feedwater valve control. All these components work together o
ensure a stable water level in the steam generator.
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Qe of the main companents of the leedwaler mamagement System s the waler
lewel sensors thal are installed in various parts of the steam generator, These sensors
constantly mondter the water bevel and ransmit e data 10 a central comraller. The
central controller, in oo analyvees (he dala received and decides whether il is
necessary b correct (he water level, This can be dooe by changing Ue position of the
fesedd sl valves, which are controlled by electronic or bydraalic acluators [2, 3],

The key element af the Feedwater smagerment system is the PID controller, which
provides acourate aml stable water level control. The PID controller adjusis the waler
supply based on three components: proporional, inlegral and dilferential. The
propartional companend is respamible for correcling the emar between the aclsal
selpaint amd the waler level, The integral componend takes inlo accound Lhe
accumulated errar over a cerlain period ol time, which reduces (he comtanl syslem
error. The differential companent Lakes inlo acoound the rate of change of the ermor,
which improves (he dynamic response of the system [4].

Lets imagine that a video frame demonsicates (he process ol waler level comdrol
i real lime. We can see bow water level sensors transemdl data (o the central controller,
which, analyzng the information, adjusts the position of the waler supply valves. For
exarmple, il the water level falls below a et poind, the ceniral controller opens the
valvess, increasing the waler supply (o bring the level back (o the donor, 11 the waler
lewel is poo high, the controdler closes the valves, reducing the waler supply.

In additian, the fesdwater management system includes emengency shutdown
rivec beandsms thaal ensure safisly in the evend of emergency silualions |2, 3], For example,
il the sensors detec! an excessive increase in the water level, which can lead o water
hammmer, e system anlomastically closes the water supply valves and nolifies operstors
af the damgerous situation. Such mechanisms allow for quick response [0 emergencies
and prreveend possible damsge 1o equipment.

The feedwaler management system also inclodes monitaring and diagnostic tools
theal albow identilfying potential problems in the system |2, 3] This makes il possible w
carry il prevenlive maintenance amd Amely troubleshooting, which significantly
increases the reliability of the steam generator. Operalons can wse specialized sollware
o manilor the operation of the feedwater management system, which allows them w
alstain up-to-date data an the state of he system and gquickly respond o any deviations
from normal operation.

Anather important aspect af e feedwater management system is ils inlegration with
ather avlomatic contred systems al a ouclear power planl. The feedwater managesmenl
syslern interacts with tlee rescior contml System, e contral system, and olher critical
syslerig |2, 3], This allows For an inbegrated agproach (o the management ol all processes
al a muclear power plant, which incresses its efficiency and safety.

In the overall context of a nuclear power plant, the fesdwaler management syslem
plays a key rale in ensuring stable and sale aperation of the steam generator. 1L ensures
aptimal conditions for the production of steam, which is pecessary for genecaling
electricity. By automatically controlling the waler level, the feedwater managemenl
syaterm helps o avoid overheating of pipes and waler hammes, which sigmilicanily
increases the reliability and safery of the steam generator (2, 3.
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Thus, the Feedwater management system i an integral pad ol modermn niclesr
power planis that ensures efficient and safe operation of the steam generator, Thanks io
the wse of modem echoologies and sutomatic contrel methods, the feedwaler

miskmagerenl system allows mainaindng oplimal conditions For the Steam generalor and
ensuring stable power generstion. This makes il an impordant element in the overall

contral sysiesm of a neclear poower plant.
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The warld is currently in the midst of a new eneIpy transiten m the global
environment. It 5 moving towards the ~5D7 direction: Decarbonization.
Decentralization of Resources, Dipitalization, Democratization and Dersgulation of
energy markets with a focns on consumers. Determining the world's electric power
mdusiry futare. which is m a dynamic enviromment of chanpes and challenges, Is
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