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A. Gács, G. Szabó, E. Végh: Instructor support and malfunction handling in 
the WWER-440 basic principles simulator. KFKI-1988-44/G 

ABSTRACT 

The instructor plays a central role when a training simulator is used 
for teaching a complex technological process. This paper describes the Instruc
tor System of the WWER-440 type Nuclear Power Plants. A screen driven system 
was developed in order to provide a simple and powerful tool to control the 
running of this simulator. Since one of the most complicated problem is the 
malfunction control, this is treated in detail in this report. 

А. Гач, Г. Сабо, Э. Вег: Система инструктора и управление отказами для 
принципиального тренажера АЭС ВВЭР-440. KFKI-1988-44/G 
АННОТАЦИЯ 

Инструктор играет центральную роль при представлении комплексных процес
сов с помощью тренажера. В докладе описана Система Инструктора, разработанная 
для принципиального тренажера АЭС типа ВВЭР-440. Простота и эффективность уп
равления тренажером обеспечивается применением устройства связи с ЭЛТ. По
скольку управление отказами является одной из наиболее сложных задач, эти 
проблемы описаны с большое подробностью. 

Gács A., Szabó G., Végh В.i Oktatói rendszer és Uzemzavarkezelés a WWER-440 
alapelvi szimulátorban. KFKI-1988-44/G 

KIVONAT 

Az oktatói központi rendszer szerepet játszik komplex folyamatok oktató 
szimulátorral történő bemutatásakor. A dolgozat ismerteti a WWER-440 tipusu 
atomerőmüvek alapelvi szimulátoréhoz kifejlesztett Oktatói Rendszert. Kép
ernyő vezérelt interface rendszer segítségével egyszerű és hatékony szimulá
tor vezérlést lehet biztosítani. Minthogy az üzemzavarok vezérlése egyike a 
legbonyolultabb feladatoknak, ezt a problémakört részletesen tárgyaljuk. 



1. INTRODUCTION 

A Basic Principles Simulator for WWER-440 Nuclear Power 
Plants has been completed in the Central Research Ins
titute for Physics, Budapest. The main goal of this simu
lator is to provide the operator candidates a good under
standing of the technological processes and tne control 
strategies of the WWER-440 NPPs, before teaching them 
on a full-scale simulator of the Plant. 

in a training simulator the Instructor plays a central 
role, since he controls the running of the simulator and 
he evaluates the trainee's performance. For this reason 
the Instructor's System (IS) is a very important part of 
a simulator; its flexibility determines fundamentally the 
use of the simulator. 

The IS is a tool which provides an interface for the 
instructor a to make all the needed manipulations. The 
operation of a simulator is basically synchronous and it 
is controlled by the Executive Program, but the Instruc
tor's actions are always asynchronous. The most compli
cated instructor action is the malfunction control. It 
means thnt the instructor can activate/inactivate 
malfunctions and can define their parameters in order to 
test the trainee's performance in the control of the 
power plant. 

Since the E;;t*cutive program and the different states of 
the simulator is described in detail in an other report 
(1), this paper concentrates on the Instructor's System 
and on the malfunction handling. 
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2. INSTRUCTOR'S SYSTEM 

For the instructor convenience the IS is «nenne driven. 
This is a well-known technique which can be easily used 
by people without any computing knowledge. Moreover, with 
this approach the simulator can be easily modified if 
another language is needed for the dialogue with the 
Instructor. 

The Instructor's System provides five different services, 
as fol low«*: 

- the data base of the '.simulator can be monitored or 
modified;, 

- the execution of the «simulator models can be controlled 
the operation of the whole simulator can be governed, 

- different malfunction--, and transients can be initiated, 
- the evaluation of the trainee's performance is 

supported -

2.1. MAIN MENUE 

After initialization the Main Menue appears on the 
Instructor's display. The instructor has to select the 
requested service by moving the cursor to the needed item 
and then pushing the ENTER key. There ara the following 
items in the main menue: 

RUN - starts the simulation, 
FREEZE - free:.er, the simulation, 
1 STEP - one simulation cycle is executed then 

the simulator goes back to FREEZE state, 
1С LOAD - loads an Initial Condition, 
1С SAVE - saves the actual data base as on Initial 

Condition, 
BACKTRACK. loads a E<acktracking record into the 

data base, 
SNAPSHOT - saves the data base into a Backtracking 

record, 
CLOSE - freezes the simulation and saves the 

actual data base as Initial Condition 
No. 0. 

OPEN • initiates the simulation by openiny «mi 
clearing the different, monitor files, 
then loads 1С No. 0. into the data base» 

LINE-UP - comparer! the state of the switchcr-з on 
the desk with that of stored in tlv /•!»(, 
base and lists the» differences, 

MALFUNCTION •- initiator, a malfunction, 
ALARM • alarm state monitoring can be mod i. t x'-d 
MONITOR - parameter monitoring can be modified. 
DISPLAY • variable immediate displaying c.*r, ho 

•>odi f ied/star ted, 
I/ATA BASH - variables in the data baar c- n L*. 
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modified, 
TASK - model execution can be modified. 

A part of the above commands can be executed without 
any parameter (e.g.: RUN,OPEN, etc.) others need some 
parameters for the execution (e.g.t 1С LOAD, TASK, etc.). 
In the latter case submenu«« are displayed and then the 
selection is done as in the main menue. 
2.2. SUBMENUES 
Some Instructor Commands need additional parameters for 
their execution. These parameters лгт specified by 
different submenues displayed after the selection of the 
given command in the main menue. The following submenues 
шгв usedt 
2.2.1. Initial Condition Menue 
In this menu« the serial number and the name of the IC-s 
mrm displayed. In the simulator there are 8 different 
IC-s,one of them is dedicated to the CLOSE/OPEN commands, 
the others can be freely defined. When an 1С is loaded, 
the required 1С can be selected from this menue. When an 
1С is saved first the 1С Menu« is displayed. From this 
Menue the instructor can select which 1С record should be 
overwritten by the new 1С file. 
The CLOSE command generates automatically 1С No.0. in 
order to continue a simulation session on the next day. 
For this reason the OPEN command loads automatically 1С 
No.0. into the data base. 
2.2.2. Snapshot Menue 
The Executive program generates a snapshot (i.e.t the 
image of the data base) every 9 minutes automatically, 
or at any time when the operator asks it.' The system 
contains max. 100 snapshots, because the max length of a 
simulation session is 8 hours and this time span can be 
covered by 100 Snapshot Records. 
In the Snapshot Menue the generation times of the 
Snapshot Records are displayed. This menue is used during 
backtracking when the instructor, goes back in time and 
selects a previous state to continue the simulation from 
that time. 
2.2.3. Malfunction Menue 
In the Malfunction Menue every detail of the malfunction 
state is displayed and can be modified. This information 
is the followingi 
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- serial number of the malfunction, 
- malfunction name, 
- malfunction state, 
- malfunction addresses and/or parameters (if any), 
- activation time of the malfunction. 

A page of the Malfunction Menue can be seen in Fig.l. On 
this figure malfunctions No«. 6, 7 and 13 are selected 
(mark d by an asterix) to execution. For example: at 
10:47:00 the safety valve of the main steam line will 
open to 0.3 position (0=closed, l=fully open). 
2.3. ALARM CHECKING 
In this simulator max. 64 variables can be defined for 
alarm violation checking. When a variable is selected for 
alarm checking, its actual value is compared against a 
lower and an upper limit and it is regarded beeing in 
alarm state when its value is out of this range. 
In the Alarm Menue all of the relevant information for 
&larm monitoring can be seen and modified. In Fig.2. an 
example is provided for this menue. In this menue the 
name of the monitored variables with their lower and 
upper alarm limits »re displayed. When a variable 
violates an alarm level, it is marked by an asterix 
symbol. 
If the instructor whishes to modify an alarm limit, he 
has simply to overwrite the given value in this menue. If 
a variable has to be deleted from the alarm monitoring, a 
/ (slash) character must be typed over the first 
character position of it» name. 
There is a possibility to list the alarm violations in a 
given time interval. The first row of the menue i* used 
for this purpose and it also specifies the needed 
interval. With the second rcw the event listing of a time 
interval can be specified and requested. Similarly, with 
the third row the listing of the operator's actions can 
be requested. 
2.4. VARIABLE MONITORING 
In the described simulator max. 32 variables can be 
monitored at a given time. Monitoring means that the 
actual value of these variables are stored in every 
simulation cycle and the stored values can be platted 
either on a colour display or on a printer. 
All of the relevant data of the parameter monitoring can 
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be seen in the Parameter Menue (see Fig.3.). In the 
first row those variable names Are listed which are 
selected for plotting either on the display or on the 
printer. With the second and third rows the time interval 
for plotting can be both specified and started. (The 
plotting is started if the instructor types ENTER at the 
first character position of the given line.) At the 
bottom part the names of the monitored variables with 
their presentation range are listed. Any modification is 
done here as in the Alarm Menue. 
2.5. VARIABLE DISPLAY 
The Instructor System provides a possibility to display 
up to 16 different variables at every simulation cycle. 
It is very convenient because in this way the execution 
of the models can be checked and tested very easily. An 
example of the Display Menue can be seen in Fig.4. 
If the instructor enters in the first line of this menue, 
the monitoring starts and at every simulation cycle the 
following data вгв displayed about the selected 
variables: 
- name, 
- description of the variable, 
- value, 
- dimension. 
This displaying continues until the instructor types any 
character on his display unit. When any character is 
received from the instructor's terminal, the Instructor's 
System goes back to the Main Menue. 
A variable can be selected for continuous displaying by 
writing its name into the parameter field of the Display 
Mence. 
2.6. DATA BASE MANAGEMENT 
The Instructor System provides л facility to display 
every attribute of a variable, moreover to modify any of 
them. Every variable of the data base has the following 
attributes: 
- name, 
- description, 
- name of the generating task, 
••- identity code, 
- dimension, 
-•• value, 
- flag (status information), 
• representation data (only for analogue variables 
displayed on the control desk), 

- normalization factor (only for controllers). 



- б -

When the DATA BASE is selected in the Main Menue of the 
Instructor System, a : (colon) is sent to display, then a 
variable n<?me> can be typed. If the name is valid the 
system writes immediately the following information: 

— d* .cription, 
— actual value, 
— dimension. 

After this the communication can be continued with the 
following characters: 

— "." •- the communication is finished, 
— "C" - the value is changed to the value following this 

-letter, 
— "F" - flag (status) information is displayed, 
— "R" - representation data is displayed, 
— "P" - the primary data (identity code, flag, generating 

task name) are displayed, 
— "N" - normalization factor is displayed. 
Moreover, there is a possibility to call every variable 
of the same type (e.g. every temperature) from a given 
technological unit (e.g. for the pressurizer). In this 
case the Instructor Conmand ha' the following form: 

:/GROUP xy TYPE t 

(where xy is the unit identifier). 

This command lists the names, descriptions and values for 
all of the variables meeting the specifications. 

2.7. TASK MANAGEMENT 

The execution of the model programs are controlled by the 
task queue. 
A task is either inactive or active. If it is active its 
execution is either unconditional or conditional 
execution. A conditional execution is finished when 

- the specified number of aimulation cycle expiree, 
- the value of a specified logical variable goes to TRUE. 

When TASK! is selected in the Main Menue the Instructor 
System lists the model queue then it prints a : (colon) 
character. Similar way as in the data base management, a 
task name may be typed then the following commands are 
permitted: 
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- LOAD 
- UNLOAD 
- ACTIVE 
- INACTIVE 
- STEP x CYCLES 
- TILL variable 
- RUN 

loads a task into the model queue, 
unloads a task from the model queue, 
activates a 
inactivates 

task, 
a task, 

conditional execution till x cycles, 
conditional execution until the speci-
specified variables goes to TRUE, 
unconditional execution. 
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3. MALFUNCTION HANDLING 
3.1. MALFUNCTION TYPES 

Mal f uric tions are erroneous operations of different 
components of the plant. In the simulator four different 
kinds of malfunctions are defined as follows: 

• malfunctions without any address and parameter 
(e.g. reactor trip), 

• addressable malfunctions without any parameter 
(e.g. valve stuck), 

- nonaddressable malfunctions with parameters 
(e.g. pressurizer heating failure), 

- addressable malfunctions with parameters 
(e.g. valve leakage). 

In the? WWti'Fi 440 Basic Principles Simulator there are 
altogether 36 different malfunctions (see Appendix), and 
all of the above types exist. A malfunction has three 
different states as 

- active, i.u. it is under execution, 
- delayed, i.e. it is selected but it is delayed till 
a given time, 

- inactive. 

In thi«i simulator there arc.1 the following restrictions 
for addressable malfunctions: 

•- at л given time an addressable malfunction may be 
active only on three different components (addresses), 
two different malfunctions may not be addressed to a 
gi veri nx\drr?ss, ' 
there is no other malfunction allowed to be started 
while: a rionaddressablfc malfunction is active. 

3.2. GENERAL SOLUTION OF THE MALFUNCTION HANDLING 

Th-> malfunction handling can be divided into three 
different layern (see Fig.5.)-

First the Instructor' System provides a screen controlled 
interface by which the needed malfunction can be defined 
(i.-;.-. activated, inactivated, modified). This selection 
is bared on two control tables (MFD and MFDT tables, see 
Point 3,3.,), and if the requested malfunction is 
permit V.r»fJ, the:1 Instructor System sends a message to the 
MAI Г );:..-it 

it": MA!J- task forms the second layer. This task is the 
fir sí előment, of the model queuej it is executed 
; iii.iiM,ii. ,,t(?ly after the control desk input. This task 
Mi-.i •!•'••* !h<> malfunction control tables, moreover >t 
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realizes those errors which can be simulated by 
overwriting a given element of the data base (e.g. 
failure of the generator excitation). 
The technological models form the third layer. The 
technological models contain the description of the 
erroneous operation, as well, and these ermr branches of 
the models are controlled by the malfunction control 
tables. 
3.3. DATA STRUCTURES OF THE MALFUNCTION HANDLING 
In the data base information has to be stored both on the 
malfunctions and on the components which are subject of 
the maloperation. In the described simulator there шге 36 
malfunctions and 72 addressable erroneous components. 
The malfunction administration needs the following 
control tables: 
- MFS - malfunction status table 
- MFD - malfunction definition table 
- MFT - malfunction timing table 
- MFP - malfunction parameter table 
The component administration needs only one table: 
- MFDT - technological table. 
3.3.1. MFS table 
In the MFS table the state of the malfunctions arc 
displayed. Since there are 36 different kinds of 
malfunctions and one malfunction can be addressed up to 
firee different addresses, this taole is a (36,3) integer 
array.Each element of this can have the following valuess 
0 - inactive malfunction 
-1 - nonaddressable active malfunction 
ID - the identity code of the active addressed 

technological component. 
3.3.2. MFD table 
The MFD table describes the main parameters and 
addressing features of each malfunction. This is a (36,3) 
integer array where every malfunction has the following 
descriptors^ 
- type, 
- inhibition, 
- definition. 
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The type code has the following values: 
0 - without address and parameter 
1 - nonaddressable with parameter 
2 - addressable without parameter 
3 - addressable with parameter. 

The inhibition code has the following valuess 
0 - the malfunction may not be interrupted 
1 - the malfunction may be interrupted. 

The inhibition code defines those malfunctions which may 
not be stopped if they лгв under execution. It is needed 
because the restart of some technological elements are 
out of Scope of this simulator (e.g. reactor trip). 

The definition code defines which component type can be 
addressed to the given malfunction (if any). Its value 
can be the foilowingt 
0 - nonaddressable 
1 - gate valve 
2 - control valve 
3 - gate and control valves 
4 - safety valve 
5 - controller 
6 - heaters of the pressurizer 
7 - blow valve of the pressuri ="-
8 - bypass valve of the 1st ' ne 
9 - safety valve of the 1st steam una 
10 - pressure in the 1st condenser 
11 - leakage in the highpressure preheater of the 1st 

turbine 

3.3.3. MFP table 

The MFP tabl* stores the variable parameters of the 
malfunctions. Since only 8 malfunctions have parameters 
which can be modified, the Malfunction Number of these 
malfunctions mrm started in a 8-eiement integer vector. 
The actual parameter values лгт stored in the MFP table 
which is a (8,3) real шггшу. 



- 11 -

3.3.4. MFT table 

The MFT timing table contains the following informationt 
- starting time of the malfunction, 
- event code, as follows! 

0 - inactivation 
1 - activation 
2 - modification 

- malfunction number, 
- malfunction address (if any), 
- malfunction parameter (if any). 
3.3.5. MFDT table 
In the MFDT technological table the Identity Codes of the 
addressable technological components are groupped 
according to their type. This table is needed to check 
whether the addressed malfunction is permitted. The size 
of this table is 72 integer elements. 
3.4. MALFUNCTION HANDLING IN THE INSTRUCTOR SYSTEM 
Using a screen controlled dialogue, the instructor 
defines his request concerning to the malfunction state 
of the simulator. This request is analysed by the 
Instructor System (MFD and MFDT tables) and if the 
specified request is permitted, the Instructor System 
sends a message to the MALF task. It is important that 
the Instructor System does not modify any control tables, 
because it runs asynchronously to the simulation process. 
If the malfunction definition is erroneous or illegal, 
the Instructor System sends an error message specifying 
the type of the error to the instructor. 
3.5. MALF TASK 
The MALF task is the first element of the model queue, 
thus it is executed immediately after the execution of 
the Input Communication Program (1). Its operation can be 
divided into three phases. First it processes the 
messages of the Instructor System and modifies the 
content of the MFT malfunction timing table. In the 
second phase it analyses the malfunction timing table by 
comparing its items to the actual simulation time. If the 
simulation time reaches a defined malfunction entering 
time, the MALF task modifies the Malfunction State (MFS 
table) and the parameter value of the given malfunction 
(if it has any). When a malfunction state is modified, a 
message is sent to the Event Log, as well. In the third 
step the MALF task modifies the data base if such a 
malfunction is active in the MFS table. 
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3.6. MALFUNCTION MODELLING 
The realization of the malfunction modelling is 
controlled by the NFS malfunction state table. Basically 
there are two different kinds at this level as 
- branching in the models, 
- overwriting the calculated results after execution of 

the models. 
In the first case there are conditional branchings in the 
technological model programs, and the corresponding 
malfunction part of the affected model is executed if the 
given malfunction is activated. 
In the second case « variable remains constant (and/or) 
an input device on the control desk is paralysed (e.g. 
valve stuck to a given position). In this case the 
malfunction is realized in the corresponding handler 
(e.g. valve handler) and not in the technological models. 

4. CONCLUSION 
The run-time execution environment of the WWER-440 Basic 
Principles Simulator has been developed in our Institute 
and it is used now for the on-line tuning of the 
technological models. The off-line development of the 
technologocal models of the WWER-440 type Nuclear Power 
Plant is also finished and the whole simulator is 
expected to be ready by the end of this year. 
REFERENCES 
(1) L. Burger, Zs.Szegi, E. Veghi Real-time executive for 

a Basic Principle Simulator. 
Report KFKI-1987-53/6. 
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Appendix 
Malfunctions in the WWER-440 Basic Principle* Simulator 

MF No. Name 
Nonaddreseable malfunctionsi 
1 Reactor trip 
2 Drop of a control rod 
3 Block power controller failure 
4 Trip of 1 primary coolant pump 
5 Trip of 3 primary coolant pumps 
6 Pressurizer heater failure 
7 Pressurizer blow-down valve failure 
8 Pressurizer water-level controller failure 
9 Steam generator water level controller failure 
10 Feedwater valve of a steam generator closes 
11 Steam valve of a steam generator closes 
12 Bypass valve opens 
13 Safety valve of a steam line opens 
14 Stuck of a main steam valve 
15 Trip of a turbine 
16 Turbine controller failure 
17 Trip of a generator 
18 Loss of generator excitation 
19 Loss of load 
20 Decrease of vacuum in the condenser 
21 Loss of one feedwater pump 
22 Leakage in the feedwater system 
23 Erroneous operation of the safety system 
24-31 Reserve 
Addressable malfunctions! 
32 Stuck control/gate valve 
33 Failed valve operation 
34 Inoperating safety valve 
35 Failed controller 
36 Leakage in control valve 
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MALFUNCTION KENDE 
10:33 

01 
02 
03 
04 
05 
06 * 
07 * 
06 
09 
10 
11 
12 
13 * 
14 
15 

REACTOR TRIP 
DROP OF A CONTROL ROD 
FAILURE IN THE UNIT POWER CONTROLLER 
TRIP OF 1 PCP 
TRIP OF 3 PCPS 
PRESSURIZER HEATER FAILURE 10:42:30 

FAILED HEATER NO: 3 
PRESSURIZER BLOW-DOWN VALVE FAILURE 10:45:00 

FAILED POSITION : 0.1 
PrfESSURIZER WATER LEVEL CONTROLLER FAILURE 
STEAM GENERATOR WATER LEVEL CONTROL FAILURE 
FEEDWATER VALVE OF A STEAM GENERATOR CLOSES 
STEAM VALVE OF THE STEAM GENERATOR CLOSES 
BYPASS VALVE OPENS 

VALVE POSITION: 
SAFETY VALVE OF A STEAM LINE OPENS 10:47:00 

VALVE POSITION: 0.3 
STUCK OF THE MAIN STEAM VALVE 
TRIP OF THE 1ST TURBINE 

Fig.l. 
One page of the Malfunction Menue 

ALARM MENUE 
12:14 

LIST ALARMS FROM 11:20 
LIST EVENTS FROM 12:10 
LIST ACTIONS FROM 12:10 
YQ7F32 15000. 18000. 

* YA7T0D(2) 264.2 283.2 

TO 11:46 
TO 12:20 
TO 12:20 

YP7P1 120.0 
SP7E1K1) 215.0 

123.4 
222.7 

Fig.2 . 

An example for the Alarm rfenue 
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PARAMETER MENUE 
13:15 

SELECTED PARAMETERS: TQ7EST TQ7Z2 YQ7C1T 
ON DISPLAY FROM 12:10 TO 200 SECONDS 
OR PRINTER FROM 12:15 TO ISO SECONDS 
PARAMETERS: 
TQ7BST 1300.0 1400.0 YQ7X2 0.0 0.01 
TQ7C1T 20.0 40.0 YA7P0D(1) 4.1 4.3 

Fle.3. 
An exaaple for Parameter Menue 

DISPLAY MEMOS 
13:15 

GO 
PARAMETERS: 
Y47E3T YQ7X2 YQ7C1T YA7A1 
YQ7X3 YQ7P3D YA9FK1) YA9FK2) 
RA7F5(2) SF7YK1) 

Fig.4. 
An example for the Display Menue 
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Instructor 

MFP table 
MF parameters 

Instructor Systtm Models 

Fie.5. 

Malfunction handling 
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