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A con denser con trol sys tem of a nu clear power plant con sists of a pres sure con trol sys tem, a
con den sate wa ter sub-cool ing de gree con trol sys tem and a wa ter level con trol sys tem. The ex -
ist ing con trol op ti mi za tion meth ods can hardly take into ac count all the per for mance in di ces
of the three con trol sys tems at the same time. To solve this prob lem, this pa per pres ents a con -
trol op ti mi za tion method based on a multi-ob jec tive op ti mi za tion al go rithm. This method
takes con trol pa ram e ters as op ti mi za tion ob jects, and takes the per for mance of step re sponse
as op ti mi za tion ob jec tives. The multi-ob jec tive par ti cle swarm op ti mi za tion al go rithm based
on Pareto dom i nance con cept is used to solve the op ti mi za tion prob lem. This en ables ob tain -
ing of high-qual ity con trol pa ram e ters. Sim u la tion re sults con firm the fea si bil ity and ef fec -
tive ness of this con trol op ti mi za tion method.

Key words: nu clear power plant, con denser con trol sys tem, con trol pa ram e ter op ti mi za tion,
multi-ob jec tive op ti mi za tion al go rithm, par ti cle swarm op ti mi za tion al go rithm

INTRODUCTION

As the most im por tant cool ing source in a sec -
ond ary cir cuit, a con denser plays an ir re place able role
in the pro cess of en ergy con ver sion and mass cir cu la -
tion in a nu clear power plant. The qual ity of the con -
denser con trol sys tem di rectly af fects the re sponse
speed and sta bil ity of the de vice [1], so it needs to meet
higher con trol re quire ments. The con denser it self has
com plex char ac ter is tics such as strong cou pling, dras -
tic phase change, multi-in put, and multi-out put. These
char ac ter is tics cause dif fi cul ties in the con trol pro cess
of a con denser. At pres ent, most con denser con trol
sys tems of nu clear power plants adopt the pro por -
tional in te gral (PI) con trol method. In or der to im prove 
the qual ity of a con denser con trol sys tem, it is nec es -
sary to op ti mize the pa ram e ters of PI con trol ler.

The con denser con trol sys tem of a nu clear
power plant is com posed of the fol low ing three sub -
sys tems: a pres sure con trol sys tem, a con den sate wa ter 
sub-cool ing de gree con trol sys tem, and a wa ter level
con trol sys tem. There are com plex cou pling re la tions
among con trolled ob jects of the above three con trol
sys tems. The tra di tional op ti mi za tion method is to op -
ti mize a sin gle con trol sys tem one by one af ter de coup -
ling. But the op ti mi za tion of one con trol sys tem may

af fect the qual ity of other con trol sys tems. In or der to
si mul ta neously take into ac count the per for mance in -
di ces of the three con trol sys tems, the op ti mi za tion
prob lem of the cou pled con trol sys tems can be re -
garded as a multi-ob jec tive op ti mi za tion prob lem. A
multi-ob jec tive op ti mi za tion al go rithm can then be
used to solve the multi-ob jec tive op ti mi za tion prob -
lem and the lim i ta tions of sep a rate optimizations af ter
de coup ling can in this way be avoided.

Con sid er ing the ra pid ity and sta bil ity of the three 
con trol sys tems, in this pa per the time-do main per for -
mance in dex, ISTE, based on er ror in te gral is taken as
the op ti mi za tion ob jec tive. The op ti mi za tion de sign
meth ods of a nu clear power sys tem in clude Monte
Carlo method [2], neu ral net work method [3], and in -
tel li gent op ti mi za tion al go rithm [4]. An in tel li gent op -
ti mi za tion al go rithm named multi-ob jec tive par ti cle
swarm op ti mi za tion (MOPSO) [5] based on Pareto
dom i nance con cept is adopted to op ti mize the con trol
pa ram e ters, thus a good con trol qual ity of the con trol
sys tem can be ob tained.

MODELING OF A NUCLEAR
POWER PLANT CONDENSER

The RELAP5 pro gram is a tran sient sim u la tion
pro gram com monly used in nu clear power plant mod -
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el ing [6, 7]. The nu clear power plant con denser
model es tab lished by RELAP5 pro gram can be re li -
able [8]. The mod el ing of a con denser by RELAP5
pro gram con sists of three steps: model nodes par ti -
tion, bound aries set ting, and in put cards com pil ing.

Model nodes partition

The nodes par ti tion method of con trol sim u la -
tion model needs to con sider the fol low ing three im -
por tant fac tors:
– First, the nodes par ti tion of the model should cor -

rectly re flect the ba sic struc ture.
– Sec ond, the rel e vant parts of con trol quan ti ties

(such as parts of mea sur ing points) should be di -
vided into sep a rate nodes to en sure the ac cu racy
of con trol sim u la tion.

– Third, for a two-phase flow model, the parts
where the phase changes should be di vided into
rel a tively de tailed nodes to en sure ac cu racy.

Ac cord ing to those three fac tors, the con denser
model is di vided into shell side and tube side, and the
shell side is di vided into steam zone and wa ter zone.
Con den sate flow of the tube side runs through the
steam zone to con dense steam. The bub ble deaerator
is con nected to the bot tom of the wa ter zone. The wa -
ter sup ply tank and drain tank con nect to the wa ter
zone. The cir cu lat ing wa ter pump is in stalled at the
front of the tube side.

Setting boundaries

To sep a rate the con denser from the sec ond ary
loop sys tem, it is nec es sary to set bound aries for the
con denser model. The shell side and the tube side of
the con denser are two non-cir cu lat ing parts, so we
need to set bound aries sep a rately for each part.

For the shell side, the ex haust noz zle con nect -
ing the con denser to the steam tur bine is set as the up -
per bound ary, and the back end of the con den sate pipe 

is set at the bot tom of shell side as the lower bound ary.
For the tube side, the in let and out let of the tube side
con nect ing to sea wa ter is set as the left bound ary and
the right bound ary. Tem per a ture, pres sure and phase
state are kept con stant in each bound ary. Ex haust flow
from the up per bound ary to the con denser is used to be
the load of the sec ond ary cir cuit sys tem.

Compiling input cards 

Model nodes par ti tion and bound aries set ting is
shown in fig. 1. Based on the anal y sis and de sign pa -
ram e ters of the con denser, we com plete the RELAP5
in put cards of the con denser. Af ter that, a con trolled ob -
ject model of a nu clear power plant is es tab lished.

CONDENSER CONTROL
SYSTEM SCHEME

Condenser pressure control system

When a nu clear power plant is in nor mal work ing
con di tions, the pres sure of the con denser needs to be
main tained at a low and sta ble level. In this way the
con denser can pro vide low and sta ble back pres sure for
the steam tur bine to en sure the ef fi ciency and sta bil ity
of the plant [9, 10]. The ex ist ing pres sure con trol sys -
tem of the con denser gen er ally adopts PI con trol
method. The con trol ler keeps pres sure at a set point by
chang ing the flow of the cir cu lat ing cool ing wa ter by
ad just ing the speed of the cir cu lat ing wa ter pump. The
scheme of the con denser pres sure con trol sys tem is
shown in fig. 2.

The sys tem adopts cas cade and feed-for ward
con trol scheme. The ex haust flow sig nal is used as
feed-for ward sig nal to rap idly ad just the cir cu lat ing
cool ing wa ter flow. The cir cu lat ing cool ing wa ter flow
sig nal is used as the feed back sig nal to over come the
speed dis tur bance of the cir cu lat ing pump. The pres -
sure mea sure ment value sig nal is used to cal cu late pres -

Fig ure 1. Sche matic
di a gram of a nu clear
power plant con denser
model struc ture



sure de vi a tion. The main con trol ler is a PI con trol ler,
and the sec ond ary con trol ler is a pro por tional con trol -
ler.

Condensate water sub-cooling
degree control system

Con den sate wa ter sub-cool ing de gree is the dif -
fer ence be tween sat u ra tion tem per a ture that cor re -
sponds to con denser pres sure and con den sate wa ter
tem per a ture. The rea sons why the sub-cool ing de gree
ap pears are the un even dis tri bu tion of con den sate film
tem per a ture and gas re sis tance on the shell side [11].
High sub-cool ing de gree will lead to high ox y gen con -
tent in con den sate wa ter, and high ox y gen con tent will
threaten the safety of the de vices and sys tems. Low
sub-cool ing de gree may cause con den sate wa ter gasi -
fi ca tion which will dam age the con den sate pump.
There fore, the sub-cool ing de gree of con den sate wa ter 
is re quired to be con trolled at a set point. The scheme
of con den sate wa ter sub-cool ing de gree con trol sys -
tem is shown in fig. 3. By reg u lat ing the open ing of the
bub ble deaerator valve, the rate of ex haust steam flow
for heat ing con den sate is ad justed, and then the con -
den sate sub-cool ing de gree can be con trolled at a set
point.

Water level control system

High wa ter level in the con denser may cause the
cool ing wa ter pipes to be sub merged, and this sit u a tion 
will af fect steam con den sa tion and cause con den sate
wa ter sub-cool ing. Low wa ter level may cause cav i ta -
tion in the con den sate pump and dam age the pump
[12]. There fore, the wa ter level is re quired to be con -
trolled within a proper range. The PI con trol ler is
adopted in the con trol sys tem, and the wa ter level is
con trolled by reg u lat ing the open ing of the sup -
ply/drain valve. The scheme of wa ter level con trol sys -
tem is shown in fig. 4.

Coupling relation of control systems

The con denser of a nu clear power plant is a
multivariable cou pled de vice. In  nor mal work ing con -
di tions, the three con trol sys tems work si mul ta -
neously, and the con trolled ob jects of the sys tem have
the fol low ing com plex cou pling re la tions: 
– First, the change of pres sure causes the change of

sat u ra tion tem per a ture, which leads to the change
of con den sate wa ter sub-cool ing de gree.
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Fig ure 2. Sche matic di a gram
of a con denser pres sure
con trol sys tem:
K1 – the feed for ward gain of
ex haust flow sig nal, K2 – the
feed back gain of cir cu lat ing
cool ing wa ter flow rate sig nal,
PI – the pro por tional in te gral
con trol ler, and P – the
pro por tional con trol ler

Fig ure 3. Sche matic di a gram
of con den sate wa ter
sub-cool ing de gree con trol
sys tem

Fig ure 4. Sche matic di a gram of
wa ter level con trol sys tem



– Sec ond, the change of cir cu lat ing cool ing flow
rate will cause the change of steam con den sa tion
amount, which leads to the change of wa ter level.

– Third, sup ply/drain flow rate causes the change of
con den sate tem per a ture, which leads to the
change of con den sate wa ter sub-cool ing de gree.

– And last, the rate of bub bling ex haust steam flow
may cause con den sate wa ter to flash and the pres -
sure to change.

Ac cord ing to those anal y sis, it can be con cluded
that al though the con trol lers and ac tu a tors of the three
con trol sys tems are in de pend ent, the con trolled ob -
jects are cou pled with each other. In this way, the three
con trol sys tems of a con denser have an in di rect cou -
pling re la tion ship. This cou pling re la tion ship re sults
in dif fi cul ties in the op ti mi za tion of the con trol sys -
tems. Tra di tional op ti mi za tion meth ods can only op ti -
mize con trol sys tems one by one in the op ti mi za tion
pro cess. Dur ing the op ti mi za tion for one con trol sys -
tem, the other con trol sys tems are treated as bound -
aries. This sit u a tion makes it dif fi cult to en sure that the 
per for mance of other con trol sys tems is not af fected.
In con trast, the multi-ob jec tive op ti mi za tion method
for mul ti ple con trol sys tems is ob vi ously more suit -
able for the per for mance op ti mi za tion of cou pled con -
trol sys tems.

MULTI-OBJECTIVE OPTIMIZATION
ALGORITHM BASED ON PARETO
DOMINANCE CONCEPT

Multi-objective optimization
problem and pareto dominance relation

In the field of op ti mi za tion, the gen eral def i ni -
tion of multi-ob jec tive op ti mi za tion prob lem (MOP)
is as fol lows [13].

There ex ists a MOP

min ( ) [ ( ), ( ), ( )]
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where s.t. is the ab bre vi a tion of the sub ject, x = (x1, x2,
..., xn)

T – the n-di men sional so lu tion of the op ti mi za -
tion prob lem, and fi (x) (i = 1, 2, ...., n) – the sub-ob jec -
tive func tion of the prob lem. The space where the n-di -
men sional vec tor f x f x f x f xn

T( ) [ ( ), ( ), ( )]= 1 2 K is
lo cated is called the ob jec tive space. Here, gi (x) £ 0 (i
= 1, 2, ..., j) stands for in equal ity con straints and  hi (x) 
=  0  (i = =.j + 1, ..., p) are equal ity con straints.

Un like solv ing sin gle-ob jec tive op ti mi za tion
prob lems, solv ing MOP re quires com par i son of the
mul ti ple sub-ob jec tive func tions of dif fer ent so lu tions
ac cord ing to Pareto dom i nance re la tions. The Pareto
dom i nance re la tion is de fined as fol lows [13]

So lu tion x0 dom i nates x1 de noted by x0 f x1, if
and only if

f x f x i M

f x f x i M
i i

i i

( ) ( ), , , ,

( ) ( ), { , , , }

0 1

0 1

12

12

³ =

³ $ Î

K

K

There are three kinds of re la tions among the so -
lu tions of MOP: dom i nat ing, dom i nated, and
non-dom i nated. The so lu tion which is not dom i nated
by any other so lu tion is called the Pareto op ti mal so lu -
tion of the MOP. In gen eral, the Pareto op ti mal so lu -
tion is not unique. The set of all Pareto op ti mal so lu -
tions is called the Pareto op ti mal so lu tion set. For
prac ti cal prob lems, we need to se lect some of the
Pareto op ti mal so lu tions ac cord ing to rel e vant re quire -
ments.

Multi-objective particle swarm optimization
algorithm based on pareto dominance concept

Par ti cle swarm op ti mi za tion (PSO) [14] is an
evo lu tion ary com put ing tech nol ogy based on swarm
in tel li gence.

The MOPSO al go rithm adds an ex ter nal elite set
based on PSO. In ad di tion to up dat ing par ti cle ve loc ity 
and po si tion, each it er a tion pro cess also needs to up -
date the ex ter nal elite set ac cord ing to Pareto dom i -
nance. Af ter the com ple tion of the fi nal it er a tion, the
ex ter nal elite set is the op ti mal so lu tion set of the MOP. 
The key steps of MOP al go rithm in clude up dat ing of
Particlebest (the best po si tion of it self, or pbest for
short) and Globalbest (the best po si tion of the whole
space, or gbest for short), up dat ing the par ti cle swarm
speed and po si tion, and up dat ing the ex ter nal elite set.

Particlebest and globalbest update

Af ter one step of it er a tion, if the pre vi ous pbest
of a par ti cle dom i nates the cur rent par ti cle po si tion, its
pbest re mains un changed, if the cur rent par ti cle po si -
tion dom i nates its pre vi ous pbest, up date its pbest to
the cur rent par ti cle po si tion, if the pre vi ous pbest of a
par ti cle and its cur rent po si tion are not dom i nated by
each other, ran domly se lect one of the two po si tions as
its pbest.

Se lect a set of so lu tions ran domly from the cur -
rent elite group as the gbest.

Particle swarm velocity and
location update

The stan dard par ti cle swarm al go rithm up dat ing
for mu las are used to up date the speed and po si tion of
the par ti cle swarm. The up dat ing for mu las are

  
v i w v i c rand pbest i x i

c rand gb
k k k k k( ) ( ) [ ( ) ( ) ]

[
+ = + - +

+
1 1

2 est i x ik k( ) ( ) ]- (2)
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x i x i v ik i k k( ) ( ) ( )+ += + 1 (3)

where v(i)k is the cur rent par ti cle ve loc ity, v(i)k+1 – the

up dated par ti cle ve loc ity, wk – the in er tia weight of the

k-gen er a tion par ti cle, c1 and c2 are in di vid ual learn ing

fac tor and global learn ing fac tor, sep a rately, pbest(i)k – 

the Particlebest gbest(i)k – the Globalbest, and x(i)k

and x(i)k+1  are the cur rent par ti cle po si tion and the up -

dated par ti cle po si tion sep a rately.

External elite set update

The ex ter nal elite set is used to re serve the Pareto 

op ti mal so lu tions ob tained in the it er a tion pro cess. Af -

ter an it er a tion, if the cur rent par ti cle is dom i nated by

any mem ber of the elite set, then it is re jected and not

in cluded in the elite set; if the cur rent par ti cle dom i -

nates one or more mem bers of the elite set, the dom i -

nated mem ber is re moved and the cur rent par ti cle is

added to the elite set; if the cur rent par ti cle and all elite

mem bers do not dom i nate each other, the cur rent par ti -

cle is added to the elite set.

Basic algorithm steps

Ac cord ing to the ba sic prin ci ple of the multi-ob -
jec tive al go rithm, the im ple men ta tion steps of the
multi-ob jec tive al go rithm pro posed in this pa per are as 
fol lows:
– Step 1. The max i mum num ber of it er a tions, in er tia 

weight and learn ing fac tor vari a tion are set. The

num ber of it er a tions, in er tia weights and learn ing

fac tors are in i tial ized. Ini tial ize the ve loc ity and

po si tion of par ti cle swarm are ran domly in i tial -

ized in the search range. The val ues of ob jec tive

func tions are ob tained ac cord ing to the ini tial po -

si tions and the ini tial elite set is ob tained by us ing

Pareto dom i nance re la tion. The ini tial po si tion is

set as the pbest of each par ti cle.
– Step 2. The gbest is ran domly se lected from the

elite set.
– Step 3. The speed and po si tion of par ti cles are up -

dated by us ing up dat ing for mu las of stan dard par -
ti cle swarm al go rithm.

– Step 4. Pbest of each par ti cle is up dated.
– Step 5. Ex ter nal elite sets are up dated;
– Step 6. It is ver i fied whether the max i mum num ber 

of it er a tions is reached, if so, search ing is in ter -

rupted, and the ex ter nal elite set is out put as the

Pareto op ti mal so lu tion for the MOP, oth er wise, it

is nec es sary to turn to Step 2.

APPLICATION OF MULTI-OBJECTIVE
OPTIMIZATION ALGORITHM IN
CONDENSER CONTROL OPTIMIZATION

Modeling of condenser control
system and controlled object

Ac cord ing to the con denser con trol sys tem
scheme, the con denser con trol sys tem model is es tab -
lished in MATLAB/SIMULINK pro gram. The con -
denser con trolled ob ject model is es tab lished in the
RELAP5 pro gram. The con trol sys tem model and the
con denser con trolled ob ject model are com bined to
form a closed con trol loop by us ing the con trol sim u la -
tion plat form called Server Man ager.

Multi-objective optimization
model of control parameters

In or der to make the con denser con trol per for -
mance meet the re quire ments con cern ing ra pid ity and
sta bil ity, the in te gral of time mul ti plied with squared
er ror (ITSE) in di ces of pres sure and con den sate wa ter
sub-cool ing de gree con trol sys tems are taken as the
op ti mi za tion ob jec tives. The ITSE in dex can be ex -
pressed as fol lows

ITSE te t= ò
2d (4)

where t is the sim u la tion time and e – the er ror be tween
the mea sured value and the set value. The smaller
ITSE is, the faster the sys tem tends to be sta ble, and the 
smaller the av er age er ror is.

In or der to keep wa ter level in the pre scrip tive
range dur ing the tran sient pro cess, the pre scrip tive
range is taken as the in equal ity con straint. The con trol
pa ram e ters of the three con trol sys tems are taken as
op ti mi za tion ob jects. This op ti mi za tion model can be
ex pressed as

min ( , , , , , , )

[ , ]

f kp kp ki kp ki kp ki

ITSE ITSE T
1 1 1 2 2 3 3

1 2

¢ =

=

s t kp kp kp
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. . min max

min max

min max

£ £

£ £
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where kp1, ki1, kp2, ki2, kp3, and ki3 are the PI con trol ler
pa ram e ters of the three con trol sys tems, and kp¢1 is P
con trol ler pa ram e ter of the con denser pres sure con trol
sys tem. The ITSE1 is the ITSE in dex of the con denser
pres sure con trol sys tem. The IT is the ITSE in dex of
con den sate wa ter sub-cool ing de gree con trol sys tem.
[kpmin, kpmax] and [kimin, kimax] are the search ranges for
all the pa ram e ters. The search ranges are ob tained by
ex tend ing the tun ing re sults of the crit i cal pro por tional 
method [15]. The search ranges are some rough ranges
with low pre ci sion re quire ment.
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Application of multi-objective
optimization algorithm

For gen eral op ti mi za tion prob lems, the fea si ble
so lu tion is usu ally en tered into the ob jec tive func tion to
cal cu late the ob jec tive value. For the op ti mi za tion prob -
lem of con denser con trol pa ram e ters, we take the fea si -
ble so lu tions as the con trol pa ram e ters and en ter them
into the con trol sim u la tion model to get the ITSE in di -
ces as op ti mi za tion ob jec tives through a tran sient pro -
cess sim u la tion. The ap pli ca tion pro cess of multi-ob -
jec tive op ti mi za tion al go rithm in con denser con trol
op ti mi za tion is shown in fig. 5.

The aforemen tioned pro cess is writ ten in
MATLAB pro gram to re al ize the al go rithm. The max i -
mum num ber of it er a tions is set to 100 and set the num -
ber of par ti cle swarm to 30. The ini tial in er tia weight is 
0.9, and the range of vari a tion is [0.4, 0.9]. The range

of in di vid ual learn ing fac tor and global learn ing fac tor 
is [1.25, 2.75] and [0.5, 2.25]. Work ing con di tion of
step load from 90 % FP (full power) to 100 % FP is
used as the tran sient pro cess to be op ti mized.

Af ter all the it er a tions, 27 sets of Pareto op ti mal
so lu tions are ob tained, that is 27 sets of op ti mal con -
trol pa ram e ters. The op ti mi za tion ob jec tives cor re -
spond ing to all con trol pa ram e ter sets are shown in the
ob jec tive plane, as shown in fig. 6.

 Five rep re sen ta tive sets of op ti mal con trol pa -
ram e ters were se lected, as shown and num bered in tab. 
1.

Ac cord ing to fig. 6 and tab. 1, it can be seen that
the op ti mal ob jec tive val ues of the ob tained op ti mal
con trol pa ram e ters do not dom i nate each other. The
op ti mi za tion de gree of the con denser pres sure con trol
sys tem per for mance (ITSE1) and the con den sate wa -
ter sub-cool ing de gree con trol sys tem per for mance
(ITSE2) are dif fer ent. If the op ti mi za tion of ITSE1 is
em pha sized, the op ti mi za tion of ITSE2 is rel a tively
weak, and vice versa. De ci sion mak ers can choose one
or more sets of so lu tions ac cord ing to their pref er ence. 

SIMULATION AND VERIFICATION
OF OPTIMIZATION RESULTS

Set of op ti mal con trol pa ram e ters No. 3 with
more bal ances op ti mi za tion de grees in tab. 1 is se -
lected as the fi nal pa ram e ters of con denser con trol
systems. The sim u la tion re sult is com pared with the

C. Zhi, et al.: Op ti mal De sign of a Nu clear Power Plant Con denser Con trol ...
100 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2020, Vol. 35, No. 2, pp. 95-102

Fig ure 5. Ap pli ca tion pro cess of multi-ob jec tive
op ti mi za tion al go rithm in op ti mi za tion of con trol sys tem 
pa ram e ters

Fig ure 6. The dis tri bu tion of Pareto op ti mal so lu tions in
the ob jec tive plane

Table 1. Optimal control parameters and optimal
objective values

No. kp1 kp1' ki1 kp2 ki2 kp3 ki3 ITSE1 ITSE2

1 16.91 2.26 2.50 23.09 1.55 13.81 0.41 1.24 2.83

2 18.25 2.93 1.31 29.02 2.00 14.04 0.80 1.74 2.50

3 11.65 2.45 0.73 27.39 2.14 13.26 0.58 2.33 2.27

4 18.57 2.63 1.13 24.37 1.72 18.17 0.41 3.64 2.07

5 17.98 2.97 1.72 11.10 1.44 11.03 0.57 7.43 2.02



op ti mi za tion re sult of the crit i cal pro por tional method. 
The tran sient sim u la tion work ing con di tion is step
load change from 90 % FP to 100 % FP. The com par i -
son re sults are shown in figs. 7-9.

In the com par i son of con trol per for mance of
con denser pres sure, and con den sate wa ter sub-cool ing 

de gree, the av er age os cil la tion am pli tude of tran sient
curve ob tained by MOPSO al go rithm is smaller, the
ad just ment time is shorter, and the tran sient curve can
be sta bi lized faster af ter load step. At the same time,
the tran sient curves of the wa ter level ob tained by the
two meth ods are kept within the set range, which
meets the con trol re quire ment. The re sult of the con -
trol op ti mi za tion by MOPSO al go rithm is better than
the crit i cal pro por tional method in gen eral.

CONCLUSION

In this pa per, a multi-ob jec tive op ti mi za tion al -
go rithm based on Pareto dom i nance con cept is used to
op ti mize the con trol pa ram e ters of nu clear power plant 
con denser con trol sys tem. The op ti mi za tion and sim u -
la tion re sult shows that the multi-ob jec tive op ti mi za -
tion al go rithm can achieve con trol op ti mi za tion that
takes into ac count mul ti ple in di ces. Com pared with
the crit i cal pro por tional method, the multi-ob jec tive
op ti mi za tion al go rithm has a better op ti mi za tion ef -
fect. On the other hand, the Pareto op ti mal so lu tion
sets ob tained by the multi-ob jec tive op ti mi za tion al -
go rithm has the di ver sity which can bring better flex i -
bil ity in solv ing spe cific en gi neer ing prob lems.
Clearly, this multi-ob jec tive op ti mi za tion al go rithm
of fers  strong gen er al ity in op ti mi za tion of cou pling
con trol system.
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Xen XI, Li JIQANG, Huang KE, Sjao KAJ

OPTIMALNI  DIZAJN  KONTROLNOG  SISTEMA  HLADIOCA
NUKLEARNE  ELEKTRANE  ZASNOVAN  NA  MULTI-OBJEKTIVNOM 

ALGORITMU  OPTIMIZACIJE

Sistem za kontrolu hladioca nuklearne elektrane sastoji se od sistema za kontrolu
pritiska, sistem za kontrolu stepena podhla|ewa kondenzovane vode i sistema za kontrolu nivoa
vode. Postoje}e metode za optimizaciju kontrole sistema te{ko da mogu da uzmu u obzir sve indekse
performansi sva tri sistema za kontrolu istovremeno. Kako bi se ovaj prob lem re{io, ovaj rad
predstavqa metodu za optimizaciju kontrole sistema zasnovanu na multi-objektivnom
optimizacionom algoritmu. Metoda uzima parametre kontrole za objekte optimizacije i smatra
izvo|ewe step odziva ciqevima optimizacije. Multi-objektivni optimizacioni algoritam
mno{tva ~estica zasnovan na Pareto konceptu dominacije primewen je za re{avawe problema
optimizacije. Ovo omogu}ava dobijawe kontrolnih parametara visokog kvaliteta. Rezultati
simulacija potvr|uju prakti~nost i efektivnosti ove metode za optimizaciju kontrole sistema. 

Kqu~ne re~i: nuklearna elektrana, kontrolni sistem hladioca, optimizacija kontrolnih
.........................parametara, multi-objektivni algoritam optimizacije, optimizacioni
.........................algoritam mno{tva ~estica




