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ABSTRACT

In the competitive electricity market, Distributed generation (DG) is an
effective alternative to deal with the technical, operational and control
requirements of the distribution network. This paper provides empirical
evidence for the optimal connection of DG to the IEEE 69-bus standard
radial distribution grid as well as the actual 257-bus radial distribution grid
of Gia Lai Power Company. Several performance metrics based on active
power losses, voltage fluctuations, voltage stability, load balance, and
reliability have been used to form a new multi-objective function. Stochastic
Fractal Search Algorithm is applied to find the optimal position and
capacity of DG to minimize the proposed multi-objective function. The test
results show that the connection of DG to the distribution network has
improved. Moreover, compared with the previous algorithms, the proposed
algorithm has provided better quality of the solution in the comparison
cases.

TOM TAT

O thi truong dién canh tranh, nguon dién phan tan (Distributed generation
— DG) la mot giai phap thay thé hiéu qua dé dap ung cdc yéu cau vé ky
thudt, van hanh va diéu khién ciia luéi dién phdn phoz (LDPP). Bai bao nay
cung cdp cdc chiing cir thie nghiém cho van dé két noi toi wu ciia DG vao
LDPP hinh tia tiéu chudn 69 nit ciia IEEE ciing nhu LDPP hinh tia thuc té
257 nuit cua Pién luc Gia Lai. Mot vai chi sé danh gid hiéu sudt dwa trén
chi s6 ton that cong sudt tac dung, dao dong dién dp, on dinh dién ap, cin
bdng tai va do tin cqy da duoc sir dung dé thanh ldp ham da muc tiéu moi.
Thudt todn tim kiém phdn dang ngau nhién da dwoc dp dung dé tim vi tri va
dung lwong 16i uu ciia DG nham cuc tiéu ham da muc tiéu dé xuat. Cdc két
qud thir nghiém cho thdy su két néi ciia DG vio LDPP dd cdi thién ding ké.
Homn nita, so voi cdc thudt todan trudc ddy, thudt toan dé xudt da cung cdp
chdt heong 161 gidi tot hon & cac trieong hop so sdanh.
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1. GIOI THIEU

Ludi dién phan phdi (LDPP) 1a mang ludi thy
dong, nhan cong suat tir hé thong ludi dién truyén
tai, sau d6 cip cho cac ho tiéu thu dién. Thong
thudng, LDPP dwoc van hanh véi ciu trac hinh tia.
Tuy nhién, do cac dudng diy phan phdi co ty 1¢ R/X
cao, LDPP thuong c6 6n dinh dién ap thap, ton that
cong suat va do sut ap cao (Moradi et al., 2014). G
kich ban tai cao, hién tuong sup do dién ap co nguy
co xay ra & LDPP, bai vi chi s6 6n dinh dién ap cua
hau hét cac nut c6 gia tri thap.

Gan day, cac ngudn phat dién véi cong suit nho
(ngudn dién phan tan — DG), tir vai kW dén vai chuc
MW, duoc xem nhu giai phap hiéu qua dé cai thién
cac van dé vé ton that cong suat, chi s6 dién ap, 6n
dinh dién ap, d6 tin cay, kha niang tai & duong day
va chi phi van hanh cia LDPP. So véi cic ngudn
dién truyén théng, DG c6 nhiéu loi ich nhu cac mo-
dun lap dat sin co, nhiéu vi tri diu ndi kha thi, chi
phi dau tu thap, va thoi gian lap dat nhanh (Biswas
et al., 2017). Chinh vi vay, viéc tich hgp DG vao
LDPP ngay cang dugc quan tdm. Tuy nhién, theo
nghién cuu trude day (Georgilakis & Hatziargyriou,
2013), vi tri va cong sudt phat cia DG néu khong
duogc tinh toan hop 1y, ¢6 thé dan téi cac tac dong
tiéu cuc nhu ting t6n that cong suat va cac chi phi
lién quan.

Loi giai cia bai toan tdi wu vi tri va cong suét
phat cia DG (OPDG) dugc xem nhu mot co s¢ dé
danh gia tinh kha thi cia viéc tich hop DG vao
LPPP. Bai toan OPDG 1a bai toan tdi uu phi tuyén,
hén hop s6 nguyén co rang bugc. Nhiéu phuong
phap da dugc ap dung dé tim 15i giai cho bai toan
nay, c6 thé dwoc xép thanh ba nhom chinh: nhom
cac phuong phap giai tich, dién hinh 14 14p trinh phi
tuyén (Atwa et al., 2010); nhom cac phwong phap
thong minh nhén tao, dién hinh 1a giai thuat di truyén
— GA (Shaaban et al., 2013); va nhém phuong phap
lai, dién hinh 1a sy két hop gitta GA va PSO (Moradi
& Abedini, 2012).

Trong béi canh cua chirc nang muc tiéu, cac muc
tiéu lién quan dén ton that cong suét tac dung va ton
that cong suat phan khang (Balu & Mukherjee, 2020
Almabsout et al., 2020), d6 léch dién ap (VDI), chi
s6 6n dinh dién 4 ap - VSI, can bang tai (LBI) da duoc
sir dung dé nghién ctu véan dé. Ngoai ra, mo hinh tdi
wu héa co thé 1a don muc tiéu (Biswal, et al., 2018,
Asasi, et al., 2018, Ochoa, et al., 2006) hoac da muc
tiéu (Balu & Mukherjee, 2020; Almabsout et al.,
2020). Lién quan dén khung da muc tiéu, c6 hai k§y
thuat dugc ap dung trong cac nghién ciru trude do la
phuong phap hé sé phat hodc phuwong phap t6i uu
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hoa (Biswas et al., 2017). C6 thé nhan thiy ring cac
phuong phap phén tich hiém khi dugc sir dung dé
phan tich van d& do su phuc tap nhat dinh gay ra boi
nhiéu DG, cac loai DG khéac nhau ciing nhu viéc
xem xét da muc ti€u trong cong thurc toan hoc cua
cac ham muc tiéu.

O bao cao nay, chung toi da dé xuat mot thuat
toan thong minh nhan tao méi dua trén tim kiém
phan dang ngau nhién (Stochastic Fractal Search
Algorithm — SFSA) dé ddi pho véi bai toan OPDG
da muc tiéu. M6 hinh toan hoc cta bai toan bao gém
mot ham thich nghi v6i nam muc tiéu thanh phan va
cac rang budc van hanh ctia DG va LDPP. bé kiém
tra tinh kha thi va hiéu qua cua thuat toan dé xust,
ching t6i da ap dung thuat toan nay trén mot ludi
dién chuan 69 nut ciia Hoi Ky su Dién va Dién tir
Hoa Ky (Institute of Electrical and Electronics
Engineers — IEEE) va mot lui dién thuc té 257 nut
cia Pién lyc Gia Lai. Ngoai ra, hiéu suét tinh toan
cua SFSA con dugce so sanh voi cac phuong phap
trude do.

B40 c40 c6 ciu trac gdm nam phan: Phan 1, gigi
thiéu tbng quan; Phan 2 d& cap mo hinh toan hoc cua
bai toan; Phan 3 gi6i thiéu vé thuat toan SFSA; Phan
4 4p dung thuat toan cho bai toan; Phan 5 trinh bay
cac két qua thuc ngiém va so sanh; Cudi cting, Phan
6 dua ra cac két luan.

2. THANH LAP BAI TOAN

Bai toan OPDG lién quan t6i ham muyc tiéu phi
tuyen V6i cac rang budc dang thirc va bat dang thuc.
O bao ‘cao nay, ching toi xem xét mot ham da muc
tiéu gdm cuc tiéu chi tiéu ton that cong sudt tac
dung, cai thién céc chi ti€u vé dao dong dién 4p tai
cac nat, on dinh dién ap, can bang tai gitra cac
nhanh, va d tin cay cung cap dién.

2.1. Ham muc tiéu

Pé thanh lap ham da muc tiéu, chung toi da sir
dung phuong phéap tong trong sé (Weighted sum
method) (Singh et al., 2009) cho viéc két hop cac
muc tiéu thanh phan lai v6i nhau. Bén canh do, cac
ham muc tiéu thanh phan dwoc chuin héa bang cach
chia chung cho cac gia tri ham muc tiéu & truong
hop co s& twong tng. Do do, ham da muc tiéu
(MOF) c6 cong thirc nhu sau:

MOF = PLI +k; VDI +k, VSI +k3.LBI +ky R+
Opjective Functions
nin 2
+A. Zl[max(o, ar) |
r=

Penalties

1)
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trong do: ka, Kz, ks va ks 12 cac trong sé yéu td, c6
lién quan dén muc do quan trong cda cac muc ti€u
thanh phan va chiing duoc chon lan luot 13 0.6, 0.25,
0.1 va 0.05; gr 1a rang budc bat dang thuc tha r; nin
1a s6 lwong cac rang budc bat dang thirc; A 1a hé s6
phat d6i véi cac 161 giai vi pham rang budc va duoc
chon bang 100 & bai bao nay. Theo cic cong trinh
da cong bd trude day (Moradi et al., 2014, Moradi
& Abedini, 2012), chi s6 PLI lién quan dén ton that
cong suit tac dung duoc giir lai, trong khi cac chi s&
con lai (VDI, VSI, LBI va RI) tuong tng dugc gan
cho céc hé sb phat (ki, ko, ks va ks). Ton thét cong
suit tac dung hién dang 1a mot trong nhiing moi
quan tdm 16n do anh hudng cua né dén loi nhuan cua
cac cong ty phan phdi, vi vay chi sé PLI s& duy tri
muc anh hudéng cao trong ham MOF. Quan trong
hon, trong s6 cho cac chi s6 tic dong con lai dugc
chon dua trén viéc dat dugc hiéu suat dugc cai thién
dong thoi cua tat ca cac muc tiéu. C6 nghia 1a véi
céc gia tri Ky, Kz, ks va ks S& duoce dé xuat (Ochoa et

., 2006), El-Zonkoly, 2011, Ochoa, et al., 2008),
tat ca nam muc ti€u bao g0m ton that dién ning, dao
dong dién ap, 6n dinh dién ap, can bang tai cac
nhanh va d¢ tin cdy cua nguon cung cap phai thé
hién su cai thién dong thoi vé gia tri, thay vi cai thién
mot phan bit ky muc tiéu nao. Theo tai liéu tham
khao (Singh & Verma, 2009), tac gia da gia dinh
VDI va VSI tuong tmg c6 trong sb cao twong tmg 1a
0.6 0.25 dé duy tri chat lugng dién va cau hinh dién
ap cua hé thdng. Trong sé cua LBI va RI 13 0.1 va
0.05.

Chi sé ton that cong sudt (PLI)

Nbr

2

Ploss = zrk'||k|
k=1

@

I:)Ioss, DG

PLI = ©)

loss, withoutDG

trong do: Piess 12 tong ton that cong suét tac dung
& cac nhanh; chi sb dudi withoutDG, DG ngu ¥
tredng hop ban dau va truong hop két nbi DG; Ny
1a tbng s6 nhanh cua ludi dién; ry 1a dién tro coa
nhanh thir k" va I 1a dong dién trén nhanh thir k.
— Chi'sé dao dong dién dp (VDI)

VD = Z(v Vo ) 4
i=1l

VDI :VD¢ (5)
VDwithoutDG
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trong do: VD la tér]g dao dong bién do dién ap
tai cac nat; N 1a tong so nit cua ludi dién; Vi la bién
d6 dién 4p tai nit i va Vyaeqa 12 bién do dién 4p dinh
muc (1 p.u.).

— Chi sé 6n dinh dién ap (VSI): (Moradi et al.,

2014)

Sly =M [ -4*[ P —Qpy
| l [ ] . (6)
_4*[Pirii _ijij]*IVil ,1=2,3,...N
(1

Sl :mm[s_lj] %

Sl
VSl =g = ®)

withouthDG

trong d6: Sl 1a chi s6 6n dinh dién 4p tai cac nut
(ngoai trir nut nguon); Pj, Q; lan luot 1a dong cong
suét tac dung (CSTD) va phan khang (CSPK) bom
vao nut j; rij, Xij twong ung la dién tro va dién khang
cua nhanh i-j.

— Chi'sé cdn bang tdi cac nhanh (LBI) (Moradi
etal., 2014):

Nbr
LB = Z[ ] ©)
ag
1 Ny
av = (10)
9 N Z:];
LBl = Doe (11)
LBwithoutDG

trong d6: LB 1a gia tri lién quan mirc d6 cin bang
tai cua ludi dién; layg la gia tri dong dién trung binh.
— Chi'sé lién quan dé tin cay (RI):

Niye
ENS =ad > A1 Viaea (12)
k=1
RI = — N6 (13)
ENSwithoutDG

trong do: ENS (energy not supply) la nang lrong
khong dugc cung cip t6i cho khach hang (Bohre et
al., 2016): RI 1a chi sé lién quan d¢ tin cy (chi s6
ndy lién quan dén phan cong suét khong dugc cung
cap do gian doan cua sy Co) P, 1a tong nhu cau
CSTD cua phu tai; «, d lan luot 1a hé sé tai va
khoang thoi gian khic phuc su ¢b (a =0.6,d=3(gi®))
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va g laty Iésu ¢ & nhanh kt (A4 =02su cd/km
trong mot nam).
2.2. Rang budc ding thirc va bt ding thirc

—  Cdn bang céng sudt tai mit:

P

N
SRR PGS CRUROIED

Qg —QLij :|vi|j§:1‘vinvj‘sin(a‘i = —Hij)(15)

_ trong do: Pg,i, Qaii lan luot 1a CSTD va CSPK
dau ra ciia may phat tai nat i; PLj, Qu, lan luot 1a
nhu cau CSTD va CSPK cua phu tai tai nat i"; Yj; va

6’"- tuong tng 1a bién d6 va goc pha cua tong dan
gitra duong day lién két gitta nat it va jn: Vi, 0, va
v, 6 i lan luot 1a bién do va goc pha cua dién ap tai
nat it va j.

— Bién do dién ap tai nut:

Vo <V, <V =1 N

i,min — i,max ?

(16)
trong d6: Vimin va Vimax lan lugt 1a gidi han nho
nhat va 16n nhat cia dién 4p tai nat i,
— Dong dién trén cdc nhanh:

l, < 1™ k=1..,N, 17)

trong d6: 1,/ 1a bién d¢ dong dién lon nhat cho
phép trén nhanh thir kth.

—  Céng sudt phat ciia DG:
Spei < Spe; <Spaii=2,.,N (18)

trong d6: Spg,i 1a tong cong suat phat ctia DG tai
nat i ST, va ST 1an luot 1a gii han nho nhat
va 16n nhét cia tong cong suat phat cia DG tai nut
i,

Mutc d¢ tham nhap cua DG:

NDG

Z SDG,i < Sload (19)
i=1

trong do: Npg la s6 lwong DG két ndi vao luéi
dién; Sicad 12 tong cOng suat cua tai.

3. THUAT TOAN TiM KIEM PHAN
DANG NGAU NHIEN (SFSA) VA AP
DUNG CHO BAI TOAN OPDG

Thuat toan SFSA duoc dé xuit boi Hamid Salimi
vao nam 2015 (Salimi, 2015). Thuat toan nay thudc
phan nhém meta-heuristic va duoc ldy cam hang tir
tién trinh phat trién cua thé gigi tu nhién. Tac gia da
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ap dung 1y thuyét phan dang dé mé phong lai cac
tién trinh nay. Dé thanh 1ap thuat toan, tac gia da st
dung hai tién trinh dé tao va cap nhat loi giai gom:
tién trinh khuyét tan va tién trinh cap nhat.

3.1. Tién trinh khuéch tan

O tién trinh nay, mdi diém @ng vién khuéch tan
xung quanh vi tri hién tai cia n6 dé dam bao kha
nang kham pha khong gian tim kiém. Muc dich cua
viéc khéch tan nay 1a dé ting co hoi tim kiém 10i giai
t6i wu toan cuc va tranh bi bay & cac 10i giai téi uu
cuc bo. Ngoai ra, phan bb Gaussian duoc sir dung &
céc phuong trinh toan hoc (20) dé tao 1oi giai moi
cho tién trinh nay:

d : ' .
Xinew,1 = Gaussian (”Xbest , 0) + (S-Xbest -& Xj ) jif rand <W (20)

Xi%ew 2 = Gaussian ( uyx ,cr) ,otherwise

trong d6: W 1a théng sd giup chon budc
Gaussian; &, & 1a cac sb ngau nhién trong khoang [0,
1]; x¢

inew
khuéch tan d™; Xpes va Xi lan luot 1a vi tri cua diém
ung vién tot nhat va diém tng vién hién tai trong
nhém; gy, uy o lan lugtla cic thong s6 Gaussian

1a vi tri méi cia diém tmg vién i & lan

Vi g1y =Xy f1xg =X; va d0 léch chuan

_|109(a)

véi g 1a tha tu cia vong

“(Xj = Xpegt)

lap.
3.2. Tién trinh cap nhat

C6 hai phuong thirc dé cap nhat cac diém ting
vién & tién trinh nay: phuong thirc thir nhat tac dong
tGi mot vai thanh phan cua diém tng vién dua trén
phuong trinh (21). Trong khi d6, phuong thuc thu
hai 1am thay ddi vi tri cia cac diém tng vién theo
phuong trinh (22).

% (3) =X, (1)=&(X (1) =% (i)

trong d6: X, 1a vi tri méi ctua Xi; X; va X, lan luot

(1)

1a cac diém duoc chon ngdu nhién trong nhom.
Trudc mdi tién trinh cap nhat, tat ca cac diém

dugc xép hang dua trén mot gia tri xac suat

B rank(X;)

N
tién hanh khi Pa; < rand[0, 1].

ch . Hai tién trinh cap nhat chi duoc

(22)

Xi =Xi—¢& (X; = Xpegt),if & <05
X; = X; +& -(X; — X,),otherwise
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trong d6: X, 1a vi tri méi ciia X, ; X, va X, lan
luot 1a cac diém dugc chon ngiu nhién tir nhom da
cap nhat sau tién trinh thir nhat.

3.3. Ap dung cia thuit toan SFSA cho bai
toan OPDG

Luu dd xac dinh vj tri va dung lwong DG téi vu
xem xét chi 6 da muc tiéu dua trén thuat toAn SFSA
duoc minh hoa ¢ Hinh 1.

| Poc dit liéu ludi dién |
v

Chay phén bd cong sudt (PBCS) va tinh thong s ludi dién
& kich ban co s&

Khéi tao céac théng sb: Np, it€rmax, Nair, W, giGi han trén Uy
va dudi Ly
v
Pura cac thong sé DG ban déu vao dir liéu
ludi dién

Chay PBCS va tinh thong s6 luéi dién & kich
ban DG
v

Tinh toan ham thich nghi ban dau theo phuong
trinh (1)

| Tién trinh khuéch tan I(—
v

Tién trinh cap nhit thirnhit |
N2

| Tién trinh cap nhat th hai |
v
| Cap nhét quan thé |

v

iter =iter + 1

Pua cac thong s6 DG vao di
li¢u ludi dién
v
Chay PBCS va tinh thong s ludi
dién ¢ kich ban DG
v
Tinh toan va cap nhat ham thich nghi
mai theo phuong trinh (1)

Sai

iter = iterpa?

bing

Xuét két qua vi tri va dung
Iugng DG t6i vu

Hinh 1. Luu d6 x4c dinh vi tri va dung lwgng
DG toi wu xem xét chi so da muc tiéu
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4. KET QUA VA THAO LUAN

Thuat toan dé xuit da dugc thir nghiém trén mot
ludi dién chuan 69 nit cia IEEE va mot ludi dién
thuc té 257 nat cta Dién lyc Gia Lai. Dé kiém tra
tinh hiéu qua cua thuat toan, chung t6i da khao sat
vai hai kich ban van hanh khac nhau cia DG: kich
ban 1 — DG chi phat CSTD tai hé s6 cong suét
(HSCS) bang 1 (DG — UPF) va kich ban 2 — DG phat
ca CSTD va CSPK tai HSCS tbi wu (DG — OPF). O
bao cdo nay, thut toan Newton-Raphson dugc tich
hop trong cong cu MATPOWER (Zimmerman et
al., 2011) da dugc su dung dé tinh toan phan b cong
suat.

Bén thong sb thuat toan ctia SFSA can dugc xéac
dinh truéc gom: Np, itermax, Nair va W. Céc thong s6
nay dugc xem xét cho ting ludi dién riéng biét va
dugc chon duya trén cac két qua thir nghiém, cu thé
(50, 100, 5, 0.75) va (50, 250, 5, 0.5) twong tng cho
Iudi dién 69 nat va 257 nat.

4.1. Lwéi dién chuin 69 nit

Ludi dién nay c6 cdu trac hinh tia, gdm 69 nut
va 68 nhanh, cung cip cho phu tai c6 tong cong suat
3.80 +j*2.69 MVA. Dit liéu ctia ludi dién nay dugc
tham khao tir (Hung & Mithulananthan, 2011). Bién
ap va cong sudt danh dinh cua lu6i dién nay lan luot
1a 12.66 kV va 100 MVA. Trudc khi ddu néi DG,
cac chi s6 cua ludi dién dugc cung cap o Bang 1.

a5

DG-UPF

4 DG-OPF | -

@
o

Fitness Function Value (p.u.)
- N
- N 0w

[}
o

10 20 30 40 50 60 100

Hinh 2. Dic tuyén hgi tu cia thuat toan SFSA
cho cac kich ban khao sat cia lwéi dién 69 nit

70 80 90

]
I}

tkge Maguitick 103

Hi
%ig

30 40
Bus Mumber

S0

o
=]

Hinh 3. Chi s6 dién ap tai nit cta lréi dién 69
nut & cac kich ban khao sat
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Béng 1. Gia tri ciia ham muc tiéu thanh phén truéc khi cai dat DG
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Hé théng Ploss (KW) VD (p.u.) VSIt(p.u) LBI (p.u.) ENS (p.u.)
IEEE 69 niit 225.0 0.099337 1.4635 200.6039 0.2326
CP 257 niit 81.5849 0.034728 592.1453 0.9935
Bing 2. Két qua va so sanh clia lwéi dién 69 nit véi chi s6 da muc tiéu
Phuong Vi tri DUNg luong DG Ps VD VSIT LBl RI ENS Loss
phip DG (MVIMVAN), kW)  (pu)  (pu)  (pu) (pu) (pu) eauetion
HSCS u. u. .u) (p.u. u. %)
Kich ban 1 — Tdi wu nim muc tiéu véi DG-UPF
27 1.036/0.0,1
SFSA 46 1.273/0.0, 1 117.5740.008622  1.1099 100.77270.9940 0.2312 45.39
64 1.493/0.0,1
Kich ban 2 — T6i vu nim muyc tiéu véi DG-OPF
16 0.605/0.408, 0.828
SFSA 49 1.197/0.848,0.815  6.588 0.000292 1.0125 102.39320.1878 0.0437 97.072
61 1.835/1.321,0.811
18 0.362/0.359, 0.71
GA/PSO 61 1.253/1.038,0.77  10.330 0.002471 1.0384 235.9824 - - 95.41
64 0.29/0.209, 0.81
11 0.4951/0.353, 0.814
ICA/GA 18 0.378/0.251,0.833  4.260  0.017 1.025 1432 - - 98.11
61 1.674/1.198,0.813

Két qua thu duoc bai thuat toan SFSA dé xuit
cho hai kich ban véi chi sé da muc tiéu dugce trinh
bay va so sanh & Bang 2. O kich ban 1 v6i DG van
hanh tai HSCS 1 (DG-UPF), sau khi két ndi DG tai
cac vi tri 27, 46 va 64 véi dung luong tuong Ging
1.036 MW, 1.273 MW va 1.493 MW, gi4 tri Ploss
cua ludi dién giam tir 225 kW xuéng 117.574 KW;
cac gia tri VD, VSI-1, LBI va ENS thu duoc lan luot
1a {0.008622, 1.1099, 100.7727 va 0.2312} t6t hon
dang ké so véi cac gia tri {0.099337, 1.4635,
200.6039 va 0.2326} & truong hop chua két nbi DG.

Trong khi d6, ¢ kich ban vgi DG vén hanh tai
HSCS tbi uu (DG-OPF), hdu hét cac gi tri muc tiéu
thanh phan thu dwoc bai thuat toan dé xuét thi tot
hon dang ké so véi kich ban 1, ngoai trir gia tri LBI.
So véi GA/PSO (Moradi et al., 2014), thuét toan
SFSA cung cép chat luong 16i giai tét hon vi gia tri
cac muc tiéu Pioss, VD, VSIT va LBI thu dugc thap
hon. Con so vai ICA/GA (Moradi et al., 2014), thuat
toan dé xuat tim duoc loi giai véi gia tri Piosscao hon
nhung céc gia trj muyc tiéu con lai (VD, VSIt va LBI)

bai toan véi ndm muc tiéu. Ngoai ra, kich ban van
hanh 2 dua ra chi s6 Rl thap hon nhiéu so véi kich
ban 1 (0.1878 p.u. so vé&i 0.9940 p.u.). Pidu nay
nghia 1a do tin cay cung cp dién & kich ban 2 cao
hon kich ban 1.

Hinh 2 cho thdy dic tuyén hoi tu dang tin cay
cua thuat toan SFSA cho céac kich ban da khao sat
cua h¢ thdng 69 nut. Hon nira, chi s6 dién ap va chi
s6 6n dinh dién ap tai cac nut sau khi cai dit DG &
céc kich ban da dugc cai thién dang ké so vai trudng
hop chua két ndi DG nhu dwoc thé hién ¢ Hinh 3 va
4 twong tng. Co thé thiy ring cac chi s vé dién ap
nat & kich ban 2 duoc cai thién tdt hon ¢ kich ban 1.
Ngoai ra, sy so sanh vé bién do dong dién trén cac
nhanh trude va sau khi két néi DG duoc minh hoa &
Hinh 5.
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chiém wu thé hon so véi ICA/GA & ba trong s6 bbn osf .
muc tiéu dwoc so sanh. Vi vay, thuat toan dé xuat da 075 b e .
cho thiy su thoa thiép tét hon ¢ cac muyc tidu thanh R v r
phén so véi ICA/GA. Pang chu v, cac thuat toan 10 20 0 40 50 w0

GA/PSO va ICA/GA chi xem xét bai toan voi bép
muc tiéu trong khi thudt toan dé xuat da giai quyét
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Hinh 4. Chi s6 vé 6n dinh dién 4p cta lwéi dién
69 nut ¢ cac kich ban khao sat
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4.2. Lwéi di¢n thuc té Chu Prong

Pé kiém tra tinh hiéu qua va kha thi cua thuat
toan dé xuat, ching toi da s dung LDPP thuc té
Chu Prong cua Pién luc Gia Lai dé danh gia. So do
don tuyén va dir liéu cua ludi dién nay c6 thé duoc
tham khao & Thuan (2017). Ludi dién nay gdm bdn
Xuit tuyén 480/E42, 474/110CR, 472/F19 va
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474/F19 véi 257 nit va 256 nhanh, cung cip cho
phu tai véi tong cong suét 8.6367 + j*1.5465 MVA
tai cap dién ap 22 kV. Cac thong s6 van hanh cua
ludi dién ¢ truong hop co so dugc cung cap & Bang
1. Két qua thu duoc bai thuat toan SFSA cho hai
kich ban dugc trinh bay & Bang 3. O kich ban 1, su
két ndi ciia DG Vi cac thong so tdi vu duge tim boi
SFSA da dan dén mot sy cai thién dang ké ¢ ca nam
muc tiéu so vai trudng hop chua két ndi DG. Cu thé,
Ploss giam tir 81.5849 kW xubng 21.064 kW véi
murc cat giam 74.18%; VD, VSI, LBI va ENS da
dugc cai thién tir {0.034728; 1.1218; 592.1453;
0.9935} dén {0.002246; 1.041; 422.238; 0.5241}. O
kich ban 2, thuat toan d& xuat da cho thay sy két ndi
cia DG-OPF di dem lai su cai thién tot hon vé
Ploss, VD, VSI! va ENS so véi su két ndi caa DG-
UPF. Hon nira, chi sb lién quan d6 tin cay — Rl &
kich ban 2 thap hon kich ban 1, chiing t6 DG — OPF
giup ludi dién van hanh tin cdy hon. Tuy nhién, chi
s6 can bang tai dat duoc ¢ kich ban 2 khong tét bang
kich ban 1.

Bang 3. Két qua cia hwéi dién CP — 257 nit véi cac chi s6 muc tiéu

Phuong Vijtri Dungluong DG Pos VD VSIT LBI  RI ENS Loss
. (MW/MVA), reduction
phap DG HSCS (kW)  (p.u) (p.u) (p.u) (pu) (p.u) (%)
Kich ban 1 — Tdi wu nim muc tiéu véi DG-UPF
26 2.167/0.0,1
48 2.518/0.0,1
SFSA 146 1.601/0.0. 1 21.0640.002246 1.041422.238 0.5241 0.5207 74.18
204 0.896/0.0,1
Kich ban 2 — T6i uu nam muc tiéu véi DG-OPF
168 1.306/0.508, 0.931
211 1.155/0.380, 0.949
SFSA 26 1.894/0.623, 0.949 15.8490.000684 1.025430.121 0.4401 0.4373 80.57
48

2.229/0.732, 0.949
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Hinh 7. Chi s6 di¢n ap tai mit cia luéi dién Chw
Prong & cac kich ban khao sat
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