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Tém tat - Bu cong suét phan khang la mét trong nhirng van dé quan
trong trong hé thdng dién nham duy tri tinh 6n dinh, gidm ton hao
trong hé thdng. Tuy nhién, lam thé nao dé xac dinh dwoc dung lwong
va vi tri t6i vu dé 13p dt thiét bi b la mot bai toan can phai quan
tdm. Bai bao nay trinh bay cach ap dung thuat toan téi wu hoa phan
tor bay dan (PSO) dé thwc hién viéc xac dinh dung lwong va vi tri ti
wu cla bd tu bi cong suét phan khang trong hé thdng dién. Két qua
mo phong duwoc thwe hién trén hé théng dién chuédn 3 may 9 nit
(bus). Dé klem chirng diéu nay, cac két qua mo phéng dwgc thye
hién trong mién th&i gian st dung phan mém Matlab/Simulink trong
trwdng hop didu kién van hanh cta may phat bj thay doi dot ngot.
C6 thé két luan tir két qua mé phdng ring thuat toan PSO la phu hop
cho bai toan xac dinh vi tri va dung lwgng bl cho hé théng dién.

T khoa - téi wu bay dan (PSO); tu bu; hé théng dién; én dinh;
dung lvgng va vij tri.

1. Gi6i thi¢u

Trong thoi gian gan day, c6 nhidu cong trinh nghién ctru
vé viée xac dinh dung lwong va vi tri t6i uru cho cac thiét b
bu trong hé théng dién nhu cac phuong phap t6i wu hoa
truyén thong dugc trinh bay trong [1] va [2]. Tuy nhién,
han ché ciia cac phuong phap nay 1a thudng bi roi vao cac
gi4 tri cyc tiéu dia phuong ciing nhu khdi lwong tinh toan
16n. Dé khéc phuc cac nhugc diém nay, k¥ thuét tinh toan
tién hoa da dwoc van dung dé giai quyét van dé b tri tdi
wu cho thiét bi truyén tai xoay chiéu linh hoat (FACTS)
nhu giai thuat di truyén (GA) da dwoc nghién ctru [3-5].
Bén canh d6, thuat toan t6i wu hoa phin tir biy dan (PSO)
cling da duoc ap dung dé giai quyét cac van dé phirc tap
nhu didu phdi dién hiéu qua va tiét kiém [6], van d& mo
rong cung cap dién [7], hay du béo phu tai ngin han [8] rat
thanh céng. Véi nhitng wu diém cia that toan PSO, trong
bai bio nay, nhom tac gia mudn nghién ctru ing dung vao
viée giai quyét bai toan tdi wu vé vi tri va dung lugng bu
cho b tu dién trong hé thong dién nhim nang cao 6n dinh
cho hé théng dién. Tiéu chi dugc st dung dé danh gia giai
phap tot nhat 1a giai phép do phai t6i wu hoa do léch dién
4p cua hé théng tai mdi bus khong vurot qua gia tri dinh sin.

2. H¢ thong nghién ctru
2.1. Gidi thigu hé thong nghién citu

Dé thuan tién trong van dé so sanh, hé thong dién trong
nghién ciru nay dugc chon Ia hé co ban bao gom 3 may
phét va 9 bus, nhu trinh bay trong Hinh 1 [9].

Cac thanh phéin phéan bd va su dung cta hé théng duoc
biéu thi boi cdc tai phu tuong (mg tai bus, noi ching dugce
két noi. Trong mdt mang ludi nhu vay, do 1&ch dién ap ly
tuong phai dugc gitt khong duoc 1éch qua +5% dién ap
dinh muc, dé tranh sup do6 dién ap trong dicu kién qua tai.

Abstract - Reactive power compensation is one of the important
issues in power grids to maintain the stability and reduce power loss
of the system. However, how to estimate the optimal size and
location of the compensation devices is still an open question. This
paper proposes a Partical Swam Optimization (PSO) algorithm to
find the optimize size and location of the capacitor bank for
compensating for reactive power in power systems. The power
system is modelled as a well-known three-machine nine-bus system.
For checking the results, time-domain simulation results using
Matlab/Simulink in case of sudden change in the operating condition
in one generator are presented. It can be concluded from these
simulation results that PSO algorithm is suitable for optimizing the
size and location of the capacitor bank in power systems.
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N6i chung, néu yéu cau tai dién gia ting, thi dién ap tai bus
tuong tmg c6 thé tut xudng dudi 0,95 p.u, va do d6 can cd
hd tro dién 4p bd sung tai chinh bus d6. Trong nghién ciru
nay, dién ap hd trg s& dugc cung cép bdi mot bo tu bu ¢d
dinh va vi tri, cling nhu 1a dung lugng t8i wu cua bd tu nay
s& duoc tinh toan va quyét dinh bang cach sir dung PSO.
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Hinh 1. Hé théng dién 3 may phét 9 bus

2.2. Gidi thi¢u thudt toan PSO

Thuét toan t&i wu hoa phan tir bdy dan (PSO) dwoc phat
trién boi Eberhart va Kennedy vao nim 1995. Cho dén nay,
thuat toan dwoc timg dung rit nhiéu trong cac hé théng diéu
khién [10-12]. Trong d6, quy dao ciia mdi c4 thé trong
khong gian tim kiém dwoc hiéu chinh bang cach thay doi
van toc cua ting cé thé, thong qua kinh nghiém bay cua n6
va kinh nghiém bay cua nhing ca thé khac trong khong
glan tim kiém. Véc-to vi tri va véc-to van tc clia mot ca
thé thir i trong khong gian da chiéu la:



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 11(120).2017, QUYEN 2 83

Xi =Xy Xppr e X i Vi = (Vs Vipso s V,) - (D)
Tai mdi lan ldp, van téc ctia mot phan tir duge xac dinh
bai ca kinh nghiém ca nhan cling nhu kinh nghiém cua ca
nhom:
Vis™ =vig +c,.rand, ( pbestf; — ;)
+c,.rand, ( gbestf; —xj;) ()

X5 Vi A3)

k+1 _

Xig =
Trong d6:

VX 14 véc-to van tc cta ca thé thi id.

X i';*l 1a vi tri cta cé thé tht id.
pbest); 1a chi s toi uru nhat trude d6 clia mdi ca thé.
gbestiz 14 chi s6 t6i wu nhét giita céc c4 thé trong quén thé.

k 1a s6 1an di chuyén ctia céc cé thé trong quan thé.

C1, C2 12 cac hang sb gia tbc.

rands, rand, 13 hai sé nglu nhién v6i phan bd dong déu
trong khoang [0, 1].

Trong phuong trinh (2), phan dau tién dai dién cho van
toc trudc do, dé tao da cho ca thé tlep tuc di lang thang
trong khong gian tim kiém. Thanh phén thir 2 duoc xem la
thanh phﬁn nhén thuce, dai dién cho suy tinh nhan tao cla
céc ca thé. Chinh thanh phan nay s& hudng cac ca thé dén
vi trf t6t nhit cta nd. Thanh phan thir 3 duoc xem 1a thanh
phin x3 hoi, n6 dai dién cho hiéu ng két hop cua ca thé
trong qua trinh tim kiém 151 giai t6i wu toan cuc, chinh
thanh phan xa hoi s& 161 kéo cac ca thé hudng dén gia tri toi
wu toan cuc. Ban dau, cac ca thé duoc tao ra véi 1 vi tri
ngiu nhién, sau d6 cic van téc ngau nhién dugc an dinh
cho ting ca thé. Su phu hop cua cac ca thé duoc ude luong
thong qua ham muc tiéu. O mbi thoi diém, van tdc cua timg
c4 thé dugc tinh toan thong qua va vi tri trong 1an uée luong
t61 duoc cép nhét lai bang phuong trinh (3). Sau moi
khoéang thoi glan néu cac ca thé tim ra vi tri tbi uu hon vi
tri truede thi vi tri ciia nd dugce Ivu vao bd nhd.

3. Ap dung thuit toin PSO cho h¢ 3 may 9 bus

‘Viéc ap dung thuét toan PSO s& dqu trinh bay trong
phan dudi va s€ duge minh hoa bai lvu d6 nhu Hinh 2.

Pé ap dung giai thuat PSO, ta can tién hanh cac budc sau:

Buwiéc I: Dinh nghia phan tir.

Phan tir duoc dinh nghia 1a mot vec-to ¢6 chira sb Vi tri
cua bd ty va dung luong ctia né dugc biéu thi nhu (4).

Particle:[ 2;77] 4)

Trong do:

A2 S6 vi tri cia bo tu;

n: Dung lugng cua bo tu tinh theo Mvar.

Buéc 2: Ham thich nghi.

Ham thich nghi PSO dugc ding dé danh gia hiéu suét
cua moi phan tur rng v6i ham muc tiéu trinh bay & (6).

Buwéc 3: Cac tham sb cia PSO.

Viéc chon cac tham s sé& tudn theo chién luge 1a xem
xét cac két qua khac nhau cho mdi mot tham ) cu thé va
danh gia mic d6 anh huong dbi véi do hidu qua cua PSO.
Céc gié tri khac nhau cho cac tham sé PSO dugc thé hién
trong phan phu tiép theo va viéc danh gia do hidu qua sé
dugc thé hién trong phan két qua.

s )
[ Batdau )

Khai tao van tde, pbest, gbest, sb
phan tir va lan lap toi da
V6i mdi phén tir, khéi tao dung
lugng va so vi tri bus cua b tu

’4& ca cac phan tr da

woc kiém tra 2

Chay phén bé
cong suat va tinh
toan ham muc tiéu

v

Tinh va luu két
qué pbest cho mdi
phan tir

Tinh va luu gia tri
gbest cho tatca |«
céc phan tir

v

Cép nhat vén téc >
vavi tri phan tir |

i Dési phin tir dén vi

YES _Kiém tra tinh kha thi~N tri kha thi trong
khu vyc tim kiém

Hinh 2. Luu do iing dung PSO
Buwéc 4: S6 phan tir.

Do mdi gié tri thich nghi phai dugc danh gia thong qua
viéc str dung giai phap phén bb cong suét tai mdi lan lap,
do d6, phan tir khéng nén qué 16n vi cong sirc tinh toan bo
ra ¢6 thé ting 1én rat nhidu. Cac bdy gdm 5 va 10 phan tir
duoc chon la kich thudec mat do hop ly.

Buwée 5: Khdi lugng quan tinh.

Tir nhitng két qua trude do, khdi lugng quan tinh s&
giam tuyén tinh. Muc dich 1a dé cai thién sy hoi tu ctia béy
dan bang cach giam khoi luong quan tinh tir gia tri ban dau
0,9 xudng con 0,1 qua nhiéu budc déu nhau trén tong sd
1an lap t6i da, nhu duge biéu dién & phuong trinh sau day:

iter —1 (5)

w, =0.9-0.8.
-1

iter
Trong do:
wi: Khéi lugng quan tinh tai lan lap i;
iter: S6 1an lap;
Maxier: Tong s6 1an lap tdi da.
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Budc 6: Hing sb gia toc.

Mot bo ba gia tri cua cac hing s6 gia téc ca nhan s&
dugc danh gia nhim nghién ctru hiéu tmg cua viéc coi trong
gi4 tri tot nhat clia c4 thé hodc gia trj t6t nhat cua by dan:
c={15,2, 25}

Gia tri cho hang s gia toc cong dong duoc dinh nghia
la: C,=4-cs.

Budc 7: S lan lap.

S6 1an lap khac nhau {10, 20, 30, 40, 50} dugc xem xet
nham danh gia tac dong ciia tham sb nay véi hidu qua ciia PSO.

Buée 8: Gia tri van toc tbi da.

Trong truong hop nay, véi mdi phan tir thanh phén thi gia
tri van toc toi da phai dug(; lua} chon. Dya trép két qua tr t;uéc,
gia tri 6 dugc coi 1a van toc toi da cho céc so0 1an can. Poi voi
dung lwong b tu, gia tri {20, 25, 50} s€ dugc xem xét.

Budc 9: PSO sb nguyén.

Vi tri cla cac phﬁn tor dugc xac dinh phéi 1a mot §6
nguyén (vi tri bus va dung lugng bd tu). Do do, chuyén
dong cua cac phan to duoc biéu dién bdi (2) s€ duge lam
tron dén s6 nguyén gan nht. Ngoaira, s6 vi tri khong duge
phép 1a cac bus may phat. Néu két qua ctia (2) bao ham mot
bus may phat thi phan tir thanh phan ¢ vi tri A1 s& duoc
chuyén t6i vi tri bus gan nhat khong c6 may phat.

Bing 1. Tong két vé cdc gid tri dirge thir nghiém & méi tham sé

Tham s Gia tri thir nghiém
S6 phan tir {6,9}
Khéi lugng, quan tinh ]I:?rl;lﬁl luong quan tinh giam tuyén
Héng sb gia tdc {15, 2, 2,5}

S 14n lap {10, 20, 30, 40, 50}
Gia téc tdi da cho bo tu tai bus|6

{20, 25, 50}

Gia dung lugng bo tu

Buwoc 10: Ham muc tiéu.

Ham muc tiéu J duge biéu thi & phuong trinh (6) 1a mot
téng trong s6 cua cac sb lidu chénh léch dién ap va dung
luong cta bd tu. Dung lwong ctia bd tu s€ dugce tinh sao cho
gi4 tri ctia hai thuat ngir trong ham muc tiéu c6 thé so sanh
duogc va duoc xac dinh bé‘mg cach thir va sai. Do 1éch dién
4p dwoc tinh bang don vi twong ddi (p.u.) va dung lugng
cua bd tu duogc tinh bﬁng Mvar.

(Z(v 1y j a2 ©

Diéu kién:
|Vi—1|<0,05choi=1,.,9,
Trong do:
J: Gié tri ham muc tiéu;
Vi: Gid tri cua dién ap tai bus i tinh theo p.u;
Vi —1: Gid tri chénh léch dién ap tai bus i tinh theo p.u;

(ZQ: v, _1)2J : Téng s6 liéu chénh léch dién ap;

/A Dung lugng cua bd tu tinh theo Mvar.

100

Vi hé théng dién da may c6 3 méay phat va dién ap cia
mdi bus tai may phat lai bi kiém soat boi chinh may phat d6
nén cac bus twong ng voi cac may phat s& bi loai bo khoi
qua trinh tim kiém, do d9, con lai 6 vi tri kha thi cho b tu.

Két qua mo phong cho théy rf“ang, hé théng hoi tu tai
bus 7 va thong s6 cho bd tu dugc xac dinh 1a 20 Mvar.

4. Két qua md phéng
Sau khi cai dit cac thong s ti wu cho thuat toan PSO,

sau 50 lan lap ta thdy, dién ap cac bus tai dat 0,97 trong
khoang cho phép +5% dién ap dinh mirc, nhu trong Hinh 3.

105 T T T T T T T T T

Hinh 3. Pién dp cdc bus tdi sau 50 lan lip
Céc thong sb cua tde do rotor ciia may phat 1, 2 va 3
khi su cb ting dot ngdt cong suit co ciia may phat 1 1én
20% dugc trinh bay trong Hinh 4 dén Hinh 6. Tir cac két
qua nay c6 thé nhan thiy rang, tbc do rotor ciia cic may
phat co sy dao dong khong dang ké va giam déan sau 1s.

o, (pu)

o 05 1 15 2 25 3 35 4 45 5
t(s)

Hinh 4. Téc dg rotor ciia mdy phdt 1

0.995

05 1 15 2 25 3 35 4 45 5
t(s)

Hinh 5. Téc dg rotor ciia mdy phdt 2

03 (PU)
-

0 05 1 15 2 25 3 35 4 45 5
t(s)

Hinh 6. Téc dg rotor ciia mdy phdt 3
Dé kiém tra muc d¢ dap tmg ctia dién ap tai cac bus khi
lép dat bd tu bu da xac dinh vi tri va dung lugng nho thuét
toan PSO, ta tién hanh do dac thong sb dién ap tai may phat
1,2 va 3 ciing nhu dién 4p tai cac bus tai. Két qua mo phong
dugc thé hién & Hinh 7 dén Hinh 12. C6 thé dé dang nhan
thdy dugc do dao dong dién ap 1a rat nho trén cac bus tai.

1.005

Vg (Pu)

N —————

0 05 1 15 2 25 3 35 4 45 5
t(s)

Hinh 7. Dién dp tai mady phdt 1
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~N—

0 0.5 1 15 2 25 3 35 4 45 5
t(s)

Hinh 8. Dién dp tai mdy phdt 2

1
vg 0.95
>
0.
0 0.5 1 15 2 25 3 35 4 45 5
t(s)
Hinh 9. Dién dp tai mdy phdt 3
1.05
g 1
<
0.95
0 0.5 1 15 2 25 3 35 4 4.5 5
t(s)
Hinh 10. Pi¢n dp tai bus tai 7
1.05
E
<
0.95

[ 05 1 15 2 25 3 35 4 45 5
t(s)

Hinh 11. Pi¢n dp tai bus tai 8

05 1 15 2 25 3 35 4 4.5 5
s

Hinh 12. Pién dp tai bus tai 9

5. Két luén

Bai bao da trinh bay viéc ung dung PSO trong viéc xac
dinh dung luong va vi tri cia mot bd tu trong hé théng dién
khi xem xét diéu kién chénh léch dién ap tai mdi bus. Cac
két qua mo phong duoc thyuc hién trén hé théng 3 may phat
tidu chuén da cho thdy thut toan PSO c6 thé dwoc img
dung dé tim ra giai phap toi wu cho viéc x4c dinh dung
lugng va vi tri cta thiét bi bu voi mirc do hoi tu cao. Ngoai

viéc tinh toan phan bd cong suét, cac két qua mo phong
trong mién thoi gian ciing dugc thyc hién vdi cac tac dong
tir cac ngudn nhidu tir may phat kiém tra tinh 6n dinh ctia
hé théng sau khi tién hanh bu. Tuy nhién, trong pham vi
nghién ctru, chi ¢6 cac chi tiéu ky thuat duge dé cap ma
chua xét dén céc chi tiéu khéc.
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