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Abstract. The expediency of the development of
local training systems for power plant operators is
considered.

Principles of creating a training system for control
operators of the electrical part of the power generating
unit of the thermal power station have been developed.
This system consists of two subsystems: a model of the
electrical part of the power unit and a training
subsystem. The model of the electrical part of the power
unit includes models of a power system, generator,
facilities, turbines, excitation systems, etc. The training
subsystem allows the staff to cope with a learning
process and acquire the skills necessary for control
operators.

The developed training system allows the staff to
learn how to control the electrical part of the power
generating unit during normal, special and emergency
modes, such as: synchronization of the generator with
the system (manual, automatic), transferring the
excitation of the generator from the working excitation
system to the standby excitation system and vice versa,
synchronous oscillations of the system, load asymmetry,
etc.

The training system provides the opportunity of staff
self-training, as well as objectively evaluates their
knowledge of the operational control of the power unit.
Its use allows the increase in the training quality of
control operators of thermal and nuclear power plants.

Key words: local training system, training quality,
control operators, full-scale simulator, electrical part of
the power unit, training subsystem.

1. Introduction

The training of control operators at power plants
usually is carried out in special training centers (STC).
At these centers the general theory, maintenance
instructions, technical specifications of the equipment of
power units, directive materials, features of operational
control etc. are studied. Training of control operators in
STC is fulfilled by carrying out the tasks of operational
control of the power unit on the full-scale simulator. The
full-scale simulator is a simulation model of a control
operator’s workplace consisting of simulators of control
systems, monitoring and the alarm systems of the unit
control desk (UCD) and model of the power generating
unit of power plant [1]. In modern full-scale simulators

the model of the power generating unit of power plant is
realized with the use of powerful servers. The costs of
the development, creation and operation of such full-
scale simulators can reach 3—4 million dollars [1].

It is possible to increase training quality of control
operators of power plants due to the application of
specialized (local) training systems [2]. These systems
provide acquiring skills in the operational control of the
separate systems of the power unit, for example, of a
steam generator (or its separate components), nuclear re-
actor, turbine, generator, boiler, auxiliaries, etc. [3], [4].

The purpose of the work is the development of the
principles of creating the training system for control
operators of the electrical part of the power unit of power
plants.

2. Research results

The training system of operational control of the
electrical part of the power unit is developed for training
the control operators of both thermal, and nuclear power
plants [5].

The control operators can study the principles of
operational control of the electrical part of the power
unit during such normal modes: synchronization of the
generator with the system (manual, automatic), transfer
of excitation of the generator from the working
excitation system to the standby excitation system and
vice versa, the transfer of power supply of auxiliaries
sections from the working transformer to the standby
transformer and vice versa, planned disconnections of
the generator from the grid, excitement of the generator
by the working or standby exciter. It is also possible to
learn how to control the power unit in these modes in the
case of equipment malfunctions, for example, the
malfunction of the automatic field regulator of the
generator, malfunction of the working or standby exciter,
malfunction of the automatic startup device of working
or standby excitation system and so forth. The training
system also allows acquiring the skills in power unit
control in special and emergency modes, such as: partial
and complete loss of the generator excitation,
asynchronous mode of the generator with total loss of
excitation, breakage of the switch circuits, load
asymmetry, internal damage of the power unit, etc. [6].

The training system consists of two subsystems: the
model of the electrical part of the power unit (EPPU) and



34 Mykhailo Seheda, Petro Baran, Victor Kidyba, Yaroslava Pryshliak

the training subsystem. The model of the electrical part
of the power unit simulates processes occurring in this
part, the systems of its control, monitoring, relay
protection, technological and emergency alarm. The
training subsystem directly conducts the training process
and evaluates the knowledge of the operating staff about
the control of the above mentioned EPPU [7].

For the operation of the training system the only
used device is a personal computer (PC) which
significantly reduces its cost. The fragment of the UCD
of the EPPU and the fragment of UCD of the EPPU
facilities displayed on the PC monitor are shown in
Fig. 1 and Fig. 2 respectively [7].

Goin_ anauryesn Ondi Aosiaca
(PERepaTop | Brace norpebn

s s
o
i i

raomi L a ot G
saxver BT e o ™
i ic
750 525 5% 525 ¢
e \ I A7 \ /
NG N £ “ | u ) “
vie1p

ey, -
- m mm‘a -
5 oo S w/n Ny o
n0BMN
m‘ n mz il m AP3
Ur
-

U s e
A (O B O | 5 B
\ / \ ’
w ' KA ez [Os [@ew N Nin £
e St s
D @en
= [ g ouiaad
m nac ot anpos. A By ‘Bubip enpae |
B- KM fee e e — &
ke ronrpa [

Fig. 1. Window displaying the UCD fragment of the EPPU.
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Fig. 2. Window displaying the UCD fragment
of the EPPU facilities.

The training system, unlike the full-scale simulator,
does not use real technical units (i. e., control switches,
selector switches, measuring instruments, etc.) which
reproduce the work of control systems, monitoring and
alarm systems of the UCD. The absence of traditional
control and monitoring systems in the described training
system is not a significant disadvantage. Since recently
PCs are increasingly used in the UCDs of the power
plants displaying on their monitors separate fragments of
power unit layouts, their control and monitoring systems.

The block diagram of the EPPU model is shown in
Fig. 3.
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Fig. 3. Block diagram of the model of the EPPU.

The mathematical model of the EPPU and its digital
implementation must meet the requirements imposed on
the training systems for the control operators of the
power plants which are as follows:

— main coordinates of the mode on models of
measuring instruments should be simulated with
accuracy up to 2 %, minor coordinates with accuracy up
to 10 % [8]. Practically all coordinates of the mode of an
electric part of the power unit are considered to be the
main;

— the model must adequately respond to any actions
performed by operating staff with the help of imitators of
control systems of the EPPU;

— the model should be stable during significant time
intervals (up to several hours);

— modeling of processes in the EPPU should be
performed in real time.

The block diagram of the model of a separate
component of the EPPU is shown in Fig. 4.
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Fig. 4. Block diagram of the model
of a separate component of the EPPU.

The model of technological equipment of the
particular component of the EPPU, namely, a generator,
receiving system, facilities, relay protection, turbine is
implemented in Block 1. This model takes into account
the state and position of control systems, namely, models
of control switches, mode switches, strips. As a result of
solving the systems of equations describing processes in
technological equipment, mode coordinates are
determined which are then reflected in models of
measuring instruments used for monitoring of mode
coordinates (Block 3) and in models of technological and
emergency alarms, including sound alarm (Block 4)
which indicates the position of switching devices, the
condition of alarm boards, indicator lights, blinkers etc.
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A special feature of the model of the EPPU is the
simulation of technological processes in real time at
significant time intervals and an adequate response to all
actions of control operators. This requires the use of
special tools and methods to create mathematical models
of separate components of the EPPU [9]. Therefore, the
implicit Euler method is used to solve differential
equations. This made it possible to obtain stable
solutions during modeling of processes in the EPPU in
the case of significant disturbances, such as
disconnection of the generator from the grid, loss of the
generator excitation, various damages in the components
of the power unit and so forth. This method is also
sustainable while integrating the system of differential
equations over long time intervals (training can be
conducted continuously for up to several hours) with
time integration step of 0,1 seconds. [7].

Being based on the mathematical models of the
components of the EPPU with the use of object-oriented
programming, a digital model of the EPPU was created [7].

The application of modern technologies of object-
oriented programming made it possible to create objects
reflecting separate components of the EPPU (turbine,
excitation systems, generator, receiving system,
facilities, relay protection, etc.) and control, monitoring
and alarm systems of the UCD (control switches,
selector switches, measuring instruments, annunciator
panels, synchronoscope, etc.) with parameters
corresponding to technological characteristics of real
equipment. On the basis of these objects it is possible to
create EPPU models of various types and capacity for
both thermal and nuclear power plants.

4. Conclusions

To improve the quality of training the control
operators of power plants, it is necessary to apply local
training systems that imitate the technological processes
in separate functional subsystems of the power unit.

The developed training system allows the control
operators to acquire necessary skills in the operational
control of the EPPU of both the thermal and nuclear
power plants.

The training system is made using only PC tools which
significantly reduces the cost of its development. It is easily
adaptable for specific power units of power stations.

State-of-the-art development of computer software
enabled creating more complex models of elements of
the EPPU. These models allow real-time simulation of
technological processes in the EPPU during normal,
special and emergency modes with the required
accuracy.

The training subsystem allows control operators’
self-training while they are being taught the principles of
operational control of the EPPU, as well as carrying out
objective monitoring while checking their knowledge.

Moreover, the direct influence of the instructor on the
process of training is practically eliminated.

The training system for control operators teaching
the operational control of the EPPU can be used both in
training centers for operational staff of power plants and
in the training process of students of electric power
specialties.
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HABYAJIbHA CUCTEMA
JJISA OITEPATUBHOI'O TIEPCOHAJIY
YIPABJIIHHA EJIEKTPUYHOIO
YACTHUHOIO EHEPI'OBJIOKA

Muxaiino Cerena, [lerpo Bapan, Bikrop Kinuoa,
SApocnasa Ilpunuisx

Po3risiHyTO HOUINBHICTE PO3POOKH JIOKATBHUX HaBYalb-
HUX CHCTEM JUIsI MIATOTOBKM OIEPAaTHBHOIO IEPCOHATY
€JIEKTPOCTaHIIH.

Po3pobieHo mpuHIMIM MOOYJOBH HaBYAJIBHOI CHCTEMH
JUI TATOTOBKH ONEPAaTHBHOTO IIEPCOHANY 3 YIPABIiHHS
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CJIEKTPUYHOIO YACTHHOIO EHEepro0JoKa TeIUIOBOI eJIeKTPHYHOL
craHUii. 3rajgaHa cucTeMa CKJIAIa€TbCs 3 ABOX IIICHCTEM:
MO eIeKTPHYHOI YaCTUHH HeproOIoKa Ta HaBYAIbHOI Mij-
cucteMd. Mogienpb eJIeKTPUYHOI YaCTHHH eHeprodioKa BKIIIO-
Yqae MOJEJ: CHEepProcHCTeMH, I'€HepaTopa, BIACHUX IOTpeO,
TypOiHH, cucteM 30ymkeHHs Tomo. HaBuampHa mincucrema
JIa€ 3MOTY YNpPAaBIATH IPOLECOM HAaBYaHHS Ta 3.iHCHIOBATH
KOHTPOJIb 3HaHb OIIEPATHBHOTO IIEPCOHAILY.

Po3pobnieHa HaBUaibHA CHUCTEMa JO3BOJSE IEPCOHATY
HABYaTHCh ONEPATHBHOTO YIPABIiHHS EJEKTPUYHOK YacTH-
HOIO EHEeproOioka IiJ Yac HOPMaJIbHUX, OCOOJMBHUX Ta
aBapiifHUX PeXHMMIB TakuMX SK: CHHXPOHI3allisl reHeparopa 3
CHCTEMOIO (pydHa, aBTOMAaTH4YHA), IepeBi 30yIKEHHs I'eHe-
paTopa 3 poOou0i cucTeMu 30y/DKEHHS Ha Pe3EePBHY Ta HaBIa-
KY, CHHXPOHHI XMTaHHS CHCTEMH, HECHMETpisl HaBaHTa)KECHHSI
TOIO TOLLO.

HaBuanpna cucrema 3abe3redye CaMOMiAIOTOBKY IEepco-
Haly MiJ Yac HaBYAHHS, a TAaKoXK OO’ €KTUBHO OLIHIOE HOro
3HAHHS 3 ONEPATUBHOIO YMPAaBIiHHS eHepro6okoM. i BuKo-
PHCTaHHS NO3BOJSE IiJBUIIUTH SIKICTh HiATOTOBKU OIllepa-
THBHOT'O IIEPCOHAITY TEIUIOBUX i aTOMHUX €JIEKTPOCTaHIIH.
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