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ABSTRACT

In power systerns with significant penetration of wind energy
sources, the sudden changes. in-wind power and load demand may result in
frequency instabitity. “Operating electric. power generators in load following
mode is a solution to resolve such problem. Nuclear power plants in some

countries such as, Germany and France have been operated in-this mode

besides the duty in serving base load.

This “project _designs Pl controllers by~ particle | swarm
optimization (PSO) -for nuclear. power plants to adjust the power output in
correspondence to the deviation of power system frequency. A wide area
consisting of three interconnected areas is used as. the test system. The

generation technologies in this systern.are nuclear, wind and gas turbine.

Simulation “results carried out ~ by ~MATLAB/SIMULINK
demonstrate that the nuclear.power plants the optimally tuned PI controller
can maintain the system frequency within-the prescribed limits and give the
lowest frequency deviation compared to the without controller case and the
case where the controllers are tuned based on experiences of the system
operator. Moreover communication delay time between the central control

center and the power plants is considered. It is found that the proposed

il



method can help maintain the system frequency even the communication

delay is up to 700 ms.
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w3aAnds (Referent or Command) Audyaiauswinnvisramsuaus (Output or
Response) #iaundusnlnesansaadu (Measurement or Sensor) udathluass
dyanmiouniodunm (nput) Tiifudsideanisauau (System under controlled
or Plant) LﬁaﬁwlﬁwﬁmLé’wﬁww%amamauauaa'lﬁﬁjulﬂmﬂué’muﬁywmé’ﬁqﬁaﬁﬁaqrm
(Command or Reference)

syuuAIUANKUUNIEUTADRITSEnladnatanilyn sruumIuAl

wuutaundu (Feedback Control System) mugufl 2.6 svuuiliussuumuaui



af L3 14 k3 a as ¥ ¢ =l =l a
WEJ']EJW@.Iiﬂ‘l‘J"ILﬂﬁﬂﬂmlﬁﬂﬂﬁﬁﬂﬂ@ﬂﬂﬁi Iﬂﬂﬂ’]'ﬁ‘l.l']L’e]’]ﬂfymﬂmm'lﬂﬂﬂiﬂL‘U‘SEI‘ULWEJ‘Uﬂ‘U

s

dynraudrdssnisudaiiaianuuenaeiildlunisauaudygyradeuliuden

AANTAUAY

Ay wuTunT
(Disturbance)

Ardaredryoywudiags
(Command)

Controller

1
—? Plant ——p nimmidenanauaue
(Input (Output or Response)

U 2.6 szuumunuLuudaunau

2.4 ouijraulnsiaasiuuu PID [4]

AMTAIUANLUY PID PUUTZNOUAIENALAMSUNISUSULRAY 3 WL
shufudy MV

MV () = Pows + 1 out + Dout (2.13)

13 (3 '

= v ¢ o w
WeNn P . I uaz D WusiuinannuaasnaunLaInu

oul ? out oul q q

2.4.1 w1 Proportional
wal Proportional taguiuasmusgnsidiunesan Error U39ty 4

' ° o 1 @ ' =
A1 Pout @unsaaalalaen1TIAN Error 1NANAY AAwn K,

Pout = K out €(t) (2.14)

A1 K, ﬁqwsLﬂuwa'l.ﬁffhl,é'wﬁwwmﬂﬂﬁumumﬂm K, uniauld
sruuanverliiadesld lunensedamindl K, destiuluenavinlissuuneuauasd,
viuly %a'luﬂiﬂﬁLﬂuiﬂlﬁdqnqﬁmauauaaﬁaﬂénmmzﬁfﬁﬁumu (Disturbance) u
ssuvl@wunisigulunisiseseuiaiosud aiilnanuinseinduinies nin
noulnsalaesisesouiniasinliviuiuinanfiiiutuunviuiisouiniosiazdosganas

a = @ -
wazinsoanazaulungn



2.4.2 wavintegral
watlintegral (Hudnsidiuvesa Error avaulunisyiana (Jagu

1 =d U d s d’ 1
foululuedn) A1 7, nanraguuesiini K Aunasiueese(r) Jadumarauves

oult

Error finds9zaesgnunlusnnaumini

1, =K [e(r)dr (2.15)
0

W Integral (Weldsamiunayl Proportional) agtaeiselszuuis
w1 SP 159% wadisan Error finainn1sldwall Proportional agnaifie ogn4ls
=1 dl 1 L3 Hlj = o d‘ =3 C.; = v
Amu tilesannimatintegral vduiiaainniseauanlanesay Eror MiAnTuluadnaiy

91998y LAA Overshoot st SP TuAlagUiume

2.4.3 w3y Derivative
Fnsnsiwasuiuasuesan Error - luluswatiusmwnldlaealad

< LV

(Slope) waans W Error vs time #3ffAnaunusuIniiauiuna wazgualaUiny

Aman K ) Aazlanay Derivative

D, =K, gf—(:) (2.16)

oul

way Derivative ydasRagminnaneeulnsawesTvidas sy
naladadlalusiwaldilng Set point aztuway Derivative 33%8ana1n1s Overshoot
FaAnnmad Integral Uaztisuiuusnafusamvatszuu Tassasetdlainiue

Derivative tiuasutnslire Noise eanariiliszuuliiadeslinin Noise wagan K,

gufuly

2.4.0 S7UaNNIUDeE Y

\Wa57un3Y Proportional; Inteeral, kag Derivative Whmeiunazle

innanaeulvsalass PID aail

MV ()= K e()+ K, [e(r)dr + K, %(r) (2.17)
0

IngANSIHRDIANNe AD
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I . . T =5 = o 2 -g?’
A1 Proportional gain, K,: @1fiunndumnefien1snauausdimiaiu
' n' 1 e‘dyd rg 1 . d' a o 1
WIEA Error BannAnatweananadiifazuinduniuan Gain Muiniiulaziilug
TUswanluafesuaznisenig (Oscillation)
A1 Integral gain, K, : AANNTUNNNBEIAT Error WUU Steady-state
o as i é’ -l & 1 H [ =
azgnidnlaishiiu deideife Overshoot fn Error Aitlluau wdesgnudisag Eror

Y

WDuwinneuiissuuasidng Steady-state

AN Derivative gain, K, : Afinnnfiumansiisvuin Overshoot fianas

wine19vilinsmevausstiastne wazernilugaulilatosvesssuuiiiesan

Noise 1@
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2.5 52UUdEAawazN1sAUAN(S5)

JUM 2.7 szuunnsileusievedliih 3 i

a A | = Hd 4 ' [ = —
SUN 2.7 wandnui 3 funn@eusannussuulnyihgalalunisdnw

Y
Huiusasiunuszneumeaiasinialaii G % i=1,2,3, Iselwilndsauueaseniing

v Aaw

P 3 ej o b3 '3 o i o o o v
PV vjis1,23 wazlran i=1,2,3 Lm'ﬂw‘wmawwnﬂ‘umt.ﬂ?aaﬂ"numlw“ﬂw Falanans

lusnsnadi 2.1

Equivalent plant Represeating area | Equivalent plant Represeating area 2 Equivaleat plant Representing area 3

= o a & A
UM 2.8 wuudaeadaduvasszuuluih 3 fiun
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AN 2.1 ANITUABDIUBITEUY
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Area
1 2 3

Parameter
K; 0.30 0.20 0.4
D (pu/Hz) 0.015 0.016 0.015
2H (pu s) 0.1667 0.2197 0.1217
T, (s) 0.08 0.06 0.07
T (s) 0.40 0.44 0.40
L (pu/Hz) 0.3483 0.3827 0.3692
R (Hz/s) 3 203 2.82
T“j (pU/HZ) T12:O.20, T13=0.25 T21=0.20, T23=O.12 T31_=O.25, T32=O.12
Generation

) 1000 MW 1100 MW 850 MW
Capacity

2.6 WaulYNNSIIUAIRINTISHAR

TuA15328A18901SHAAUDNAINLA BITIEATAIAISHNARA LAY

v o w v o v o« a a = i
faan1svoenadinrudadifasiinisiiansadeulvnisaiud tnelussuulaiing

e ° o aly v |
yunmgasimsimualiaiuilssuununlnTenina£1%[6]

2l ﬂ"lﬂ'a'lmﬁ“ﬁwmﬁcu"mu']mﬁamsmusﬂu (Communication delay time)

A NAesdy AN UANTUAUUSHIN e INT SAaaTIRYsB LUl

=i i o o P
A1519% 2.2 ANANNATN VDY IARANIAIUAY [7]

USTAMIaIN3A0as AAANTUBIdE B IR(ms)
Fiber-optic cables 100-150
Digital microwave links 100-150
Power line (PLC) 150-350
Telephone lines 200-350
Satellite link 500-700




UNN 3
ASUIANDNSIVEY Pl MRUIZEUA8AT

Particle swarm optimization

3.1 35n13 Particle swarm optimization[8]

FBnseynin PSO szisuduannsgunguussginauiunamesldUT UL
Fnsutunguresgimauiunmmeiaziisuaurhiu K Taeds PSO audendmouin fuwmis
(Position) uazi3annawasldUuUssdmaud1 musa (Velocity) guasiumisasaiuniaii
wldlunsusuAsuduminiunazdend synia (Particle) SseymatiuieuiailoudaiUnnis
frtiuteananldineyniedeinasdiumisazarmiageaiiiues faiuis PO axidiumn
symAhiy K fMlnseymeamnigrinanginuiifustu sunImmneae 1 ounemneas 2
Taufsoynanuisiay K ﬁﬂw%’uﬁmmﬁwmauﬂm%‘wmaﬁaﬁmauqwﬁwaaﬁmm%ﬁﬁwmu

aa

1R (Dimension) LmﬂummmmmmJ'm')\aﬂmmum Faluifusazdfasiumisiana e

FuUsusasituled ﬁ?UFI’J’W&JLi’J“UENméﬂWﬂ?NﬂaL’JFlLCv‘lEJim’ﬂuﬂﬁﬂﬁUU?dGl’lLL‘M‘LNﬂﬁJ:ﬁJR]’IU’Ju
HAWNAUIIUIULIRV DI LU LY m"aﬁu%"ﬂé’dwaumﬂ@’aﬁ i ﬁs‘i’n,miaﬂ%ﬂ’uasjﬁ Xi= (1, Xz,
o Xi0) LLasﬁm'}m%aﬂwﬁuagﬁ Vo= (Vig, Vigy 0 %) 1908 D Aasnuanild vdefnagauiuiiwlsi
FO9N3VIA LD

AeanvsssynaLdasiasiinisU uwasulizoss nndeyaildsulag
Toyaddnfe G‘hLLwﬁqﬁﬁﬁaﬂﬁﬁ’aﬁuL@@Lﬂﬂlﬁlﬂmﬁam’w ﬁﬂLLwﬁaﬁﬁﬁaﬂéwﬁ’a (Personal Best
Position) s’a’mwuma Pi =" (Dity. Pias -+ Pid) Weizer uwmaﬂuwmwvwhuun WI‘VI\"]BJ{ILHUWUL?EJHH
RIRTIE ﬁﬁwaﬂmﬂa (Global . Best Posntron) Fumude G UanIN mmemwaﬂm 2
Fumiands winiweiddgaldlunsyiundsunuiiveeymetdayiife

(1) thwinusadas (nertia Weight) Sudeuunmusne W lnshmin usadesd
wihfianuuine g uhuas

(2) Fiﬂﬂaﬁé'mméwaaﬁ%mm“""‘q@ﬁ'suﬁa Fadaulvudan C; fvihiiauau

i

'
]

(3 l:l 3 o 1 d st
YUINVBAIANDSVBIN T LUs UvaTiATidad i

(3) MAsisnTuI eI LiiRanana Sadetuunusie C, Twihiiniuay
‘umrﬂﬁua&LaﬂgmaiwaammwmﬂﬂmwmLmu'qﬁdﬁammﬂa
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3.2 N5A5A1S Particle swarm optimization Tun1suiaansnvene Pl #i

Wangau

1A muattstuinquszasddmiunismen Pl fnzaulddmun
latuinguszasdlifidunasmesingaauespudiidssuuiuanumasiumdaes
yosmudisnulutianaifiansanniuaunis

Min{— Z(jAf(z)dt) +M (3.1)

=l 4=

\ile i = Number of Area
M = Max(Af,s8f5.41)

o W - =
2. AU UAUDULIRNUDIADA T 1V Pl Togn

K‘:lln S KP S K.:]élx (32)

>

3. A9AINITIAADIAIAINITNTTITU - t=1  AvuamuvLuay

AS7
vip =Wyl #CH(By=xp)+ Cn(G - X)) | (3.4)

Yoaaunn K el
admfuseyniauraziutasiundsiiilumineurastymii
AMyun

SiNE @ Sag (3.5)

nasyiinisUsedumeeuiug Ineldaiedduingusrasdves
FMmauIInALMLaue

5. USusuimisiRignauem

Uiuml,muqmﬁqﬂmﬂa

?.Uiummul,iau,a::rsﬁ'qLmﬁwmaqmmnnﬁaﬁaaaumifﬂ" (3.4) uag
aunsi (3.5)

8. dviuasuseuiitmualilivganisiudiusdidadlinsuseui
favualvidaen t = t + 1 udnduluvinuiidunoud 4
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A,

1+sT,

£l

-l

Pi(s)

Equivalent plant
Representing area 1

[ -
S+A 1+sT,,
As(s+ /N
ar
1
M il + 87 oM
g 1 =
iy (A
R, R, .
Pi(s) Pl(s)
o B (%) AP, _A{: B =3 4
2>
HZ
i
L 5
: Ok
Control Center
Equivalent plant Equivalent plant
Representing area 2 Representing area 3

U 3.1 WUUTIABIVBITEUY

U

AR




= )

- - -
- geAnstiines
-prunt=1
- fusANTEu X @uar Fgwiv 1=1L_N

:

- wlaeX, (Wil vdmevaesdnyu dwdy 1=l N

- dsmduamspeuf A

IEYHOT SO P S P e b
-AIFUX Oy s N, L Raiann 59 3

<>

-Avue t=t+1

(‘ w )

A s o aal
3UN 3.2 UNUNINITNNIUYBIIS PSO
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NANISANE

uniiuanamanissiasasy vyl fiuiivinslnafdlsslwihdandes dmiufianu
Tnanfienwiiadvsninvesiidnasarudlussuy i'm5awaﬂuaamﬂ°ﬁ’ﬁqmuamﬁm
Amslmesiimnzaudaeds PSO LLazNafuaammdw%’waqﬁ’mtywm?ilaaﬁmuaui@au:u'ams
fansaneendy 3 nsdifail

st Resanmsinmulvaseadlssinihduadesidletaudasnismdaldi
Tuguuvusmagsiuiunavesnsléfnuauimamnsifimesivnzandeds PO

nsdlf 2 Rensmanisaeeminasveddseluiihiedssiletdensnanves
wnasneanaanuanlugUwLaTT

nsdi 3 AsnisaaeulrasvadlseliinduadeSillonaensnanaeg
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a a a = e o o '
4.1 Warsansanaulvanvedlseluirdaedesilisiinisaanudesnisiasinililugduuusiigg

$ufunavaInsld daruguilmAwTlinesimunzaudae3s PSO

2/
= kg o =

da‘l’ s n] ] al =l s
Tunsaltaziimnudaanisnaalwinuenaneny 3 nsasall

4.1.1 mwusan1smasiuvguuuui 1
nsINTNIsIAsURUaaIAUfaInIsAna AN L

P L. . v a -1
\{la Optimization agldAmsines Pl Al

Tssldinavuineiud A AMMISIALRDS P=0.0160482312727656 ,1=0.00198079942914306
Tsalwindaede i B ANMNNSITLIBS P=-0.000131097735893 , 1=5.94183955276896e-06
TselniinSaufeiud c ANNNSIELDS P=0.00290447601813838, 1=0.0013968049715974

v s x = <
anudpin1siaalilussiaznuuanslugu 1.1

"""" Load area A

Load area B - Load'area.C Total koad |
= —— —_— =

Load demand (pu)
o
i B

Time (s)

U7 4.1 musiean1snsiiasivih

fdannsndasiuvianaveslselnihAsiufneguasiaiadesideldnisauauzvuuy

=l

f199 uanslugudl 4.2 uag 4.3 azdunalddinisldianauns Pl inaAsninvenesieds PSO finns

Y
a | =i =l 4 v aa 1w = XY
Famulvanfinnan sesasndenisldfniuny Pl adAdnsweneaitaznishilifmua

| o Total lond Withowt Pl sontroller ==mmm Fixed Plconteoller 22— Ng0 Shtiniged PLagitrellef]

TS —— & 4

=
e

=
w

1.2

Power and Load (pu)

T 00 1500
Time (s)

JUT 4.2 Adslniinansan 3 fun
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— Totsl losd Without Pleontroller ===== Fixed Plcontroller

132+

1.3}

Power and Load (pu)

7'i'1ine (s)

o s

[l ‘11 - 2 d ]
SUN 4.3 MalnAAeEnsIU 3 WU Waveunsw

Y
msidsauuvesiddlwideldnmsmuangduuusiguanduguin 4.4 asdunnan
o i Y v ad = = o w v o v
msld@mauau Pl ivmandasivenadeds PSo fnsideavuiaslnihdesiign nsldsaiunu Pl

a1 w | v w 1 al pu | ¥ o
niAsnseeaskarnsllgmmuguiinsidesvuanuninnduauainy

| Without PI controller Fixed PI 1l PSO optimized PI controller |

T0z, s - — ) — g

{
&
!
‘
1
|
1
|
i
1

Power deviation (pu)

Time (s)

ﬂl A o o’
sUN 4.4 AsLUestuuna el

= = & o d g i =
msilgauuvesrid 3 Aundleldnismuauviuusquandluglil 4.5-4.7 9y
Funadnasldmmuau P iviAdasiuenedisds PSo  finsidesuuaindesiign n1sldn

da 1w = [g) o | =l & ° w
muAu Pl Alladasveeasiuasnnsliliteuauinsilsnvumiudinntunnainy

th;?l ntrolk = F;\;d}’l o i PSO opnmummoommilk:r |

0.5, e e _

Frequency deviation area A (Hz)

¥, ¥ ME—— —de —— L S—
0 500 1000 1500
Time (s)

i o = & &
sUii 4.5 malauunudvasiui A
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Without PI controller ======Fixed Pl controller ====== PSOoptunized PI controller

[ ————————ee—— s — = ——

i 500 1000 1500
Tme (s)

a i o & o
sUN 4.6 N1sidBavuANDYEINUT B

U

Fixed Picontrolier PSO optimized Pl controlier

Frequency Deviation Area C (Hz)

" 000 = 1500
Time (s)

al < = &4
E‘UVI 4.7 NISLUEAUUATIUNUBINUN C

nnanisasstunsal 4.1.1 (@nasasunvasresnanudeenisniaslifalinnn)
v 1 = =l =y Anl =J 1 173 0’: | Vo
nansliifiuinlsalnintpdesannsafanulnanisiniswasundasivanlaunnlavinsain lauleen

as é 1 1 s 2 as 4 1 A < -
uay, dfamuay Pl Agudsnsee, Lifanauey Pl v Pl iwsausnieds PSO

4.1.2 m'mﬁmmsﬁwﬁﬂwﬁﬂgmmuﬁ 2

ﬂsrﬁ‘?iﬁnnsmﬁuuLLanaammﬁmﬂ'ﬁﬁﬂé’ﬂﬂﬁw%mmmﬂimammﬁaamﬁﬁ?ﬁqm
uazgagauAneeiu 0.4 PU. waehaamsuanveslsdlwihilanges

ilo Optimization aglaamnsdines Pl il
Tsalwfaviufeiiui A ANT51ILMBSP=0.194119165076597 , 1=0.000616114709278949
Tsalwinedesitui B AMNNINILMD5P=0.0176710591872463 , I=-2.68005356686996e-05
Tsalwinfaviufeituil C AMNNIMBSP= -0.011786793149939, 1=0.000995053246307676
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o o w | & a
Ausieen1sitasinin lunsaz iunuandluzui 4.8

___'7L;adnteiA N iL;Eiﬂf l,i, __L::;EC__ : ------- Total load N |
[ [ — — T
1.4 i q‘l‘ (“‘*l,'\.,'\ *’ |
b _}./'-x-“-‘t-"' T RINET ] *.'{‘_%
2 Benpty A s
g e :
|
E o,ai
E 06
n; )
L it e i —
0 500 1000 1500
Time (s)

JUN 4.8 AuRaInIsAIalni

o a _ ng a L7 (2] =1 = L3 I'd v

Mdensnansiuiavanveslssiihdeiuiiewaziaedssiieldnisnivquuuuy
| a o 2 XY a | v aa =
199 uanslugui 4.9 uaz 4.10 sxdunaladinslifanuau P iviendasiuenenieds PSO dnns

a dad - Vs da 1w - v
Annuilvaniangn sesasnfonsldfiniuny Pl Adamdnsugeamuasmsliliirun

m———— 11u.|-|md Without I‘lmmlm\lnr- '"'""""' ;-y;dl’hmmu-r s @ I'\'tﬂu;lillﬂ—MPFucmtmlla

15‘,_' = = — — = — s em o s - e S . = =

‘

1.4 ‘
= | |
& \
18 |
= !

: 12
g 1 1
g
ay
1.1
1 1 T | LIBSeL se = S UL O N ¥ s 11 J
0 500 1000 1500

Time (s)

d o s dl £=% 4 J
UM 4.9 aslvvhiindinganves 3 WU

ssasessias Fixed Ploontroller P50 optimized Pl sontroler |

Tatsl losd Without Pl cantecller

NI o — — - z 3

Power and load (pu)

. 'i‘;ne ks)-

=] o w a A X & &
gﬂw 4.10 AAIINAININARSINYDY 3 WUN LWBYeENIIN
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i o L2 é 1/ 1 dl ot 1
msilsauurasmasiwifsldnisamuauzuuuusinguanddugun 4.11 agdanain

2 as =l| 1 oas v o =l P [ | 8 as
nsldmuau Pl imandnswenedie s PSO dmaidsauumaslwiniesign msldmaunu P

i e =

= Y al = o w e & ° w
hilisnsveeasiwasnslildimuauinisisavumaliihiunnduanuaiu

Withou Plcontroller  ====== Fixed I contraller PSO optumized PI
T D= SR

0.05

Power deviation (pu)

1CbO 1500
Time (s)

JUN 4.11 psideauuiidslei

msidsdiuuvesnud 3 wuidleldnsmuguzuuuusingnuandluzuin 4.12-4.14 9z
o i v o < " w Y ad = = iy v
Funninnsldfmemugu Pl imehdas1venesneds PSO fimslesiuuniuitasiign nslde

dld 1 s dl 8/ o = dl Ad dy o L
AIUAN Pl 'ﬂllF‘I’l’ﬂC‘li"l”UEJ’]EJﬂ\'ﬁﬂL&ﬁSﬂﬂi‘l.llﬂbﬁﬂ’]ﬂ')l]ﬂllllﬂ’ﬁmﬂﬂLUHF\’]W&JﬂﬂMWﬂ‘U‘UWWNﬁ’]ﬂU

RO optumized PLcontroller

Without P1 controller ====== Fixed PL controller

05— s i ==

Frequency deviation area A (Hz)

Time (s)

JUT 4.12 malgauunnuduesiiud A

PSO optimized P1 controller

Without PI controller mm==== Fixed P controller

i ¥
LT W)
'\‘kﬁ*ﬁ ",’JPE 4 |

Frequency deviation area B (Hz)

560- S
Time (s)

i <l a L
UM 4.13 ASLTEAUUAINDYDINUT B
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Without PI controller

Fixed P ! P8O optimized P controller

05— = = I ———

Frequency deviation area C (Hz)

o 500 1000 1500
Tune (s)

i < < & A
5UN 4.14 nisileauuanutuesiui C

ANanITInasslunsdl 4.1.2 (n1siasunlasueamnudaanisiadininusunu
annlapAINRRINSINARLAZEdARANSIeAY 0.4 PU. vosmatmswinuaslssluindauediod) uandli
Wi lselindedssanunsadasulnaniisiniswasundadvanusunamnnuinlaviansan Lulgen

mvuay, [iauan Pl iguandnsene, [faua PLAMAT PLAWMINEaNsaE35 PSO

o s A
4.1.3 anusisinsmasinirguiuudn 3

al =l

=l =-' L2 o ot Y st H‘Jl
nsaIAtinasIUaLuwYasrasnLsaInIsiaelwihus L nluatsuduy

=

\i® Optimization agl@iRNNgnAmasPl fadl

W "
&4 -

TsalwAr AU e A AP 0.0346483915086753,1=0.000125810727922179
Tsalwihiedesiud 8 ATMIS10LIP=0.0478554061029569 |, 1=-6.47229733379373e-05
Tsalvifaiufneiui C ANNISIILARSP= 0.0216912603339764, [=0.000418977172319269

aufsamsmadliilunsagiiviuanslugi 4.15

[ e Loadarea A “Load area B Loadarea©  =mmmmm- Totalload |
L - A—— v 7 15 § S, W1 8 7 S A :
b ) ‘
' A, A P Y T A LT
| 7 Y '.‘*a“.“""‘“‘ o l“"f‘\ |
T
T AT %,
E \
E 05, .
0
0 500 1000 1500

Time (s)

U7 4.15 AMNRDIN1IANEabNTN
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a o v oW o a a ¢ A Y
"damsndnTiuviaiuaveslsslwihdsiuieuasiiadeileldnsamuauuuuy

=B

| i ) v Yo - W v a d
99 wanalugul 4.16 uazgui 4.17 sxdanalddinslddmmuau P imandnsvenededs PSO i

msfnaulnaniifings sesawnfonsldmmmunu Pl Almsns1veneasiuasnslildimaiuny

L]

=

| — power and load Without Pleontroller ***###54% Fixed Pl controller PSO optimized Pl controlier

15 = —

o
(2]

A
-

Power and load (pu)
o

-

09
500 1000 1500
Time (s)
H o L ﬁl =) é’l’ A
3UN 4.16 Maslwiinindnsiu 3 fuin
r__ l‘uv\«mdlm\l‘ S “l&ﬂl!?'la:nli:ilﬂ;:" :“mllfl;ﬂzll_{ _[Sinmn!l-’lcmnwlhl
1.42 |

Power and load (pu)

_Tn:nn-(s]
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%% Initialization
clear

clc

n = 50; % Size of the swarm " no of birds "

bird setp =5000000; % Maximum number of "birds steps”

dim = 6; % Dimension of the problem
c2 =12 % PSO parameter C1
cl =0.12; % PSO parameter C2
w =0.9; % pso momentum or inertia

fitness=0*ones(n,bird_setp);

% %

%initiatize the parameter %

% - - %
R1 = rand(dim, n);
R2 = rand(dim, n);
current_fitness =0*ones(n,1);
% - - ~-=-%

% Initializing swarm and velocities and position %

% %

current_position = 10*(rand(dim;, n)-.5);
velocity = .3*randn(dim, n);
local_best _position =current_paosition ;

% %

%  Evaluate initial population %

% %

fori=1in

current_fitness(i) = tracklsg(current_position(:,i));
end
local_best fitness =current_fitness ;
[elobal_best fitness,g] = min(local_best_fitness) ;
fori=1:n

globl_best_position(:,i) = local_best_position(:,g) ;

end
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" R %
% VELOCITY UPDATE %
B %

velocity = w *velocity + c1*(R1.*(local_best position-current_position)) +

c2*(R2.*(globl_best position-current_position));

e %
% SWARMUPDATE %
o %

current_position = current_position + velocity ;

7 S—— %

% evaluate anew swarm %

%0-4=~-~- %
%% Main Loop
iter = 0 ; % lterations’counter
while (iter<bird setp)
iter = iter + 1;
fori=1:n,

current_fitness(i) = tracklsg(current position(:,i)) ;

end

fori=1:n
ifcurrent_fitness(i) <local_best _fitness(i)
local_best fitness(i). = current_fitness(i);
local_best_position(:,i) = current_position(:,i);
end

end

[current_global_best fitness,g] = min(local_best_fitness);
ifcurrent_global _best fitness<global_best_fitness
global best fitness = current_global_best_fitness;

for i=1:n

globl_best_position(;,i) = local_best_position(:,g);

end

end



velocity = w *velocity + c1*(R1.*(local_best position-current_position)) +
c2*(R2.*(globl_best_position-current_position));
current_position = current_position + velocity;
sprintf('The value of interationiter %3.0f ', iter );
end % end of while loop its mean the end of all step that the birds move it %
function F = tracklsq(pid)

Kp = pid(1),

Ki = pid(2);

Kp(1)=pid(3);

Ki(1)=pid(4);

Kp(2)=pid(5);

Ki(2)=pid(6);

% Compute function value

simopt = simset('solver','ode5','SrcWorkspace','Current’, DstWorkspace','Current’); %
Initialize sim options

[tout,xout,yout] = sim(‘eptsim1',[0 1440],simopt);

e=yout ; % compute the error

sys_overshoot=max(yout); % compute the overshoot

alpha=10;beta=10;F=e2*beta+sys. overshoot*alpha;

end
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ABSTRACT

In power systems with significant penetration of wind
energy sources, the sudden changes in wind power and load
demand may result in frequency instability. Operating electric
power generators in load following mode is a solution to resolve
such problem. Nuclear power plants in some countries such as
Germany and France have been operated in this mode besides the
duty in serving base load.

This project designs PI controllers by particle swarm
optimization (PSO) for nuclear power plants to adjust the power
output in correspondence to the deviation of power system
frequency. A wide area consisting of three interconnected areas
is used as the test system. The generation technologies in this
system are nuclear, wind and gas turbine.

Simulation results carried out by
MATLAB/SIMULINK  demonstrate that the nuclear power
plants the optimally tuned PI controller can maintain the system
frequency within the prescribed limits and give the lowest
frequency deviation compared to the without controller case and
the case where the controllers are tuned based on experiences of
the svstem operator. Moreover communication delay time
between the central control center and the power plants is

considered, It is found that the proposed method can help

maintain the system frequency even the communication delay is

up to 700 ms.

Keywords: Particle swarm optimization Load following

Wide area Nuclear power plant P1 controller
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