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Tém tat:

Bai bao nay trinh bay mét phudng phap téi uu vi tri va cong sudt cia ngudn dién phan tan
(Distributed Generation - DG) trén hé thdng dién phan phdi hinh tia khéng can bdng (Unbalanced
Radial Distribution System - URDS). Phuong phap dé xuat s dung thudt toan t6i uu Whale
Optimization Algorithm (WOA) dé t8i uu vi tri va cdng sudt cia DG nham gidm thi€u tén that cong
sudt tac dung trén URDS. Ngoai viéc giam thi€u tdn that cdng sudt tdc dung, phuong phap dé xudt
con cai thién dién ap & cac nut c6 dién ap thap trén hé théng dién phan phdi. Thudt toan WOA bat
chudc hanh vi clia ca voi tim kiém thirc 8n bang ca thé gén Iudi bong bdng. Diém déc biét la cac t&
bao ndo trong ca voi tuang tu nhu' té€ bao ngudi goi la té bao truc chinh va ¢ s6 luvgng nhiéu hon
con ngudi. V4i déc di€ém va ca thé nay cla cd heo dudc sir dung dé€ xac dinh vi tri va cdng suét tdi
uu ctia DG vao URDS da cho mot giai phap t6i uu toan cuc. Két qua clia phuang phap dé xudt nay
dugc kiém tra trong bai todn t&i uu vi tri va cdng suét ctia DG trén URDS 25 nat va URDS 37 ndt dd
cho thdy tinh hiéu qua cla phuong phap dé xuat.

T khoéa:
Ngudn dién phan tan, hé thdng dién phan phdi, khdng can bang, ton that cong suét, WOA.

Abstract:

This paper presents a method to optimize the position and size of distributed power sources
(Distributed Generation - DG) on the Unbalanced Radial Distribution System (URDS). The proposed
method uses the Whale Optimization Algorithm (WOA) optimization algorithm to optimize the
position and size of DG to minimize the loss of active power on URDS. In addition to minimizing
active power loss, the proposed method also improves the voltage at low voltage nodes on the
distribution power system. The WOA algorithm mimics the behavior of whales foraging by attaching
a bubble net. The special feature is that the brain cells in whales are similar to human cells called
spindle cells and have more numbers than humans. With this feature and mechanism of the dolphin
used to determine the optimal position and size of DG into URDS, it gives a global optimal solution.
The results of this proposed method were examined in the problem of optimizing the position and
size of DG on 25-node URDS and 37-node URDS showed the effectiveness of the proposed method.
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1. GIOI THIEU

DG ngay cang duoc phét trién trén EDS
boi Vi lgi ich kinh t& va an ninh ning
lwong la rat lon [1]. Vi vay, lap dit DG
tly theo muc tiéu dé EDS hoat dong linh
hoat hon va khai thac 1gi ich tiém ning ti
da cia DG ciing nhu tdi thiéu chi phi [2].
Khi téi vu lip dat DG can phai thoa man
vé han ché ky thuat va téi uvu héa cac muc
tiéu kinh té [3]-[5]. Cc bai toan téi wu vé
lip dat DG chu yéu la téi wu vi tri va cong
suat ciia cac DG. Céc nghién ctiu vé vi tri
va cdng suat caa DG Ia rét nhiéu, nhung
cha yéu véi EDS can bang [6]. Trén thuc
té thi cac EDS dang van hanh hau nhu
trong diéu kién khong can bang (KCB)
véi ton that cong suat 1a rat lon. Vi vay,
bai toan t6i wu vi tri va cong suat cia DGs
nham giam thiéu tén that cong suat tac
dung trong URDS Ia rat quan trong [7].

Hién nay, dé t6i uu vi tri va cong suat cua
cac DG trong URDS thuong cé hai
phuong phéap tiép can 1a co dién va kinh
nghiém (“heurictis”). Cach tiép can thu
nhat 1a phuong phap co dién dugc su
dung nhu quy hoach tuyén tinh (Linear
Programming - LP), quy hoach phi tuyén
tinh (Non-Linear Programming - NLP)
[8], quy hoach sé nguyén hdn hop (Mixed
Integer NLP - MINLP) [9], t6i uu hda thi
te (Ordinal Optimization - OO) [10].
Trong cac nghién ctu [8] - [10] thuong
cho két qua téi wu c6 d6 hoi tu cham hoic
roi vao cuc tri dja phwong. Céch tiép can

thir hai 1a mot s6 phuong phap tim kiém
lai. Mot s6 thuat toan dién hinh nhu thuat
toan di truyén (Gene Algorithm - GA)
[11], thuat toan Monte Carlo (Monte
Carlo Algorithm - MCA) [12], thuat toan
biy dan (Particle Swarm Algorithm -
PSO) [13], thuat todn chd so6i (Coyote
Algorithm (COA) [14], thuat toan Salp
Swarm (Salp Swarm Algorithm - SSA)
[15]. Trong [11]-[15] d& dé xuat k¥ thuat
méi dé ti wu vi tri va cong suat cac DG
trong EDS va&i muc tiéu co ban la giam
thiéu ton that cong suat. Cac phuong phap
nay da cho thay két qua hoi tu nhanh va
t6i wu toan cyuc. Cac phuwong phap nay chu
yéu ap dung téi vu cac DG cho EDS can
bang. Trong cac nghién ctu [16]-[23], cac
tdc gia da trinh bay cac k¥ thuat khac
nhau dé t6i vu vi tri va cdng suit cua cac
DG trong cac URDS nham giam ton that
cdng suat. Trong [24], cAc tac gia dé& xuat
mo hinh dua vao théng sé nut trén URDS
dé téi wu cac DG théng qua tinh toan
dong phan bé dong cong suiat KCB. Céc
yéu t6 nay tham gia v6 huéng phan anh
cac tham s6 cua URDS, phan bo tai va
cong suat DG duoc ap dung dé giam thiéu
ton that cong suat caa hé théng. Trong
[25], c4c tac gia dé xuat phuong phap
dong dién ba pha theo toa d6 cuc dé phan
tich 6n dinh dién ap. Phuong trinh cua
dong dién ba pha va mé hinh hoa cua DG
cling duoc phat trién. Trong [26], cac tac
gia dé xuat phuong phap dong cong suét
ba pha trong cac md hinh thanh phan
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duoc thiét 1ap theo thtr tu thuan - nghich -
zero. Trong [27], tac gia dé xuat phuong
thirc xac dinh ndt c6 thé duoc sir dung
lam diém chuin va sau dé bu tach roi,
phuong phap nay rat nhanh nhung cho két
qua khéng chinh x&c. Trong [28], céac tac
gia dé xuit phuong phap méi dé téi uu
hoa c6 tinh dén sy mat can bang pha, loai
tai khac nhau, cép trung tinh va cac dac
diém khac cua URDS. Céac phuong phap
trong céc tai liéu [24]-[28] tinh toan dua
vao cac phuong phap khac nhau véi ham
muc tiéu 1 ton that céng suat va cai thién
dién &p ¢ cac nat. Cac phuong phap nay
thuong cho két qua tbi wu chua toan cuc
vi mdi giai phap dua ra (ing véi cac thong
s6 1a mot thay ddi ngau nhién dé lya chon
bat ky diém nao trong khong gian tim
kiém. Sau d6, thuat todn s& duoc khoi
dong lai khi ma ham muc tiéu cai thién
khong dang ké sau mot so thé he nhat
dinh.

Thuat toan WOA 12 thuat toan t6i uru hoa
siéu heuristic moi. Thuat toan nay bat
chuge hanh vi caa ca voi tim kiém thirc
an (con mdi) bang ca thé gan ludi bong
bong. Cé thé nay duoc sir dung dé tim vi
tri va cong suét toi uu cua DG trong EDS.
Theo tai liéu tham khao [29], céc tac gia
da cho thdy cac té bao ndo trong ca voi
tuong tu nhu t& bao ngudi goi 1a té bao
truc chinh va ching c6 sé luong nhiéu
hon con ngudi. Hanh vi ¢ ca voi c6 phan
dac biét va hanh vi nay goi la phuong
phap cho in bang bong béng. Hanh vi nay
la duy nhét va chi duoc quan st thay ¢ ca
voi lung gu [30]. Phuong phap tim kiém
nay dua trén viéc tao ra cac bong bong
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bang cach bao quanh hoic thong qua
duong dan c6 hinh xoin 6c [31] va hanh
vi tim kiém nay dugc mé hinh héa theo
md hinh toan hoc thanh hai giai doan:
Giai doan dau la tim kiém va bao vay con
mdi; giai doan tiép theo 1a cap nhat vj tri
va tin cong [32]. Thuat toan WOA ciing
dugc &p dung cho bai toan téi wu DG
trong EDS cén bang va di cho két qua rat
t6t. Tuy nhién, viéc ap dung téi wu lap dat
DG cho URDS chua duoc thuc hién.
Trong bai bao nay, WOA duogc st dung
t6i wu vi tri va cong suit cia DG trén
URDS nham giam ton that cong suat tac
dung. Hiéu qua cta phuong phap duoc
danh gia trén URDS 25 nat va 37 nat. Két
qua kiém tra duoc so sanh véi phuong
phép trong [23] da cho thay tinh hiéu qua
caa no.

2. MO HINH TOAN HOC

2.1. M6 hinh caa EDS

EDS cén bing va KCB dugc md hinh héa
nhu hinh 1. Céc tuyén day va cap ngam
cua EDS dugc mo6 hinh hda véi ma tran
tré khang nhu ¢ phuong trinh (1).

Z aa Z ab Z ac Z an
Z Z Z Z
Z — ba bb bc bn 1
[ %m] Zm Zm Zm Zm ()
Z Z Z Z

na nb nc nn

Trong cdu tric cua EDS, gia st ring
duong day trung tinh cua cac tuyén day
duoc nbi dat o ca hai phia. Do d6, sir
dung phuong phap gian don Kron’s, ta c6
ma tran Zy,. nhu phuong trinh (2) [17],
[33] .
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Hinh 1. M6 hinh EDS
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Hinh 2. M6 hinh tai va mé hinh

pha

Do d6, trong EDS ¢6 bén day hoic ba day
thi cac duong day dugc md hinh héa bang
ma tran 3x3 nhu phuong trinh (2). Hinh 2,
mo hinh hoa cua tai va DG cho EDS can
bang va KCB. Tai duogc coi 1a ¢6 dic tinh
cong suat khong ddi va duge md hinh hoa
bang md hinh PQ c6 thé can bang hoic
KCB, tly thudc vao diéu kién van hanh.
Trong mé hinh héa cac DG, gia dinh rang
c4c ngudn nay dugc van hanh ¢ ché do
PQ va c6 thé duogc kiém soat doc 1ap.

2.2. Ham muc tiéu

Giam ton that cong suat tac dung thuong
duoc coi 1a myc tiéu quan trong trong van
dé van hanh EDS. Ngoai ra, cac yéu td
can dugc xem xét nhu cai thién dugc cau
hinh dién 4p va giam cong suat truyén tai.
MO0 hinh duong day cua EDS duoc dua ra
nhu hinh 3. Do d¢, ton thit caa tung
nhanh duogc tinh toan théng qua cac méi

quan hé trong cac phuong trinh (3), (4) va
(5) [34].

18 o ~
| %4 lﬁ’,— ZZ‘] }Zu]b 7 Vl'
v? - : v?P
ST g 23 N
o J
Hinh 3. M6 hinh dwong day
p? . 3
Loss,br(ij)=Re{(Via*Vja)(|{°})} ( )
b
PLoss br (i) :Re{(V.b *VJb )('E} )k} (4)
c
PLoss,br(ij):Re{(Vic V(5 )*} (5)
V6i P? : Ton that cdng suat tc dung

Loss,br (ij
cua pha “a”. Pbi vai URDS, tong ton that
cia mot dudng day duoc tinh bang tong
c4c ton that cac pha nhu phuong trinh (6):

PTOtal — Pa + Pb + PC (6)

Loss br (ij) Loss br (ij) Loss br (ij) Loss br (ij)
Ham muc tiéu cua bai toan téi vu DG trén
URDS thé hién nhu phuong trinh (7):
f =min(>_P™ ) (7)

Loss,br (ij)

2.3. Cac rang buéc trén URDS

Khi lap dat DGs trén URDS phai ¢am bao
cong suat cac DG nam trong giéi han cho
phép nhu & phuong trinh (8) va (9).

Pogimin < Poci < Pogrmaxii = 1,2+, Npg (8)

QbGimin < Qi < QPpgimax; i = 1,2,-+,Npg (9)
Vi Ppgimin VA Ppgimax 1an luot 12 gidi
han cong suit tac dung nho nhat va 16n
nhat cua DG tht i; Qpgimin V& Qpo,imax
lan Iuot 12 cong suét phan khang nho nhat
va 16n nhat cia DG th i; Ppg; 1a cong
suat phat caa DG thi i; Qpg, 12 c6ng suat
phat cua DG thir i; Npg 1a sé lwgng DG

4
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két ndi trén EDS. Gigi han dong dién trén
cac nhanh va dién &p céc nat:
| < T max v6ii = 1,2, ..., Nbus; (20)
(11)

Dién 4p tai mdi nat trong hé théng nam
trong pham vi ¢ thé chap nhan duoc 13
0,95 pu va 1,05 pu. Trong do: Npys la sd
nut trong ludi dién; | max 1a giagi han dong
dién trén nhanh tht i; Vimin V& Vima 130
luot 1a giéi han dién 4p nat nho nhat va
I6n nhét cho phép. Ngoai ra, trong qué
trinh lap dat DGs trén LDPP can phai thda
méin cac diéu kién rang budc can bang
cdng suat, dién ap va dong dién nam trong
gigi han cho phép. Do d6, ham thich nghi
cua bai toan dugc md ta nhu sau:

Vimin < Vil < Vimayx V6ii=1,2,...,Nbus

fit = f + K. [max(VET = Vi, 0) + max (Vg —
Vim . 0) + max(LCFy,, — LCFYR,,0)]

(12)

Trong d6: fit la gia tri ham thich nghi, K
la hé s6 phat vi pham rang budc dién ap
va dong dien. VE™ va V.. 1a gioi han
dién ap thap nhat cho phép va bién do
dién &p bé nhat trong EDS. VE™. va V4
la gii han dién &p 16n nhat cho phép va
bién do dién 4ap 16n nhit trong
EDS. LCE,,4, V& LCFE™ 13 hé s mang
tai 16n nhat va hé s mang tai cho phép
trong EDS.

3. TOI YU VI TRi VA CONG SUAT CUA
DG TRONG UDRS SU’ DUNG WOA

Ky thuat sain moi bang lugi bong bong &
ca voi lung gu duoc xem la mét trong
nhitng hanh vi kiém an doc dao va phuc
tap nhat trong thé gisi dong vat. Ca voi
lung gu vén la loai dong vat thich hoat
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dong doc lap nhung trong hanh vi kiém an
nay, ching dudng nhu hop suc lai dé san
moi hiéu qua hon. Cac con ca voi dugc
quan st thiy ciing nhau tao ra xoéy bong
bong 16n dé dén nhiing con c& nhoé va
dong vat nhuyén thé vao bén trong, cho
phép chdng nuét hang nghin con moi mot
lac. Piéu dic biét 1a hanh vi nay khong
duoc quan sat thiy ¢ tat ca ca voi lung gu.
Do khong phai cach sin mdi ban nang ma
duong nhu 1a ky thuat dugc sang tao ra
boi mot sé con cé& voi théng minh va co
nhiéu kinh nghiém sian méi [32]. Phuong
phap tim kiém dugc md hinh héa thanh 2
giai doan:

—F

Hinh 4. Ca voi hoat ddng tim kiém theo dwong
hinh xo&n éc

e Giai doan 1: Tim kiém va bao vay con
mdi: Tim kiém con mdi cé thé dugc trinh
bay nhu phuong trinh (13) va (14).
D=|C.Xrand
(13)
X(t+1)=X

-X|

AD (14)

rand

Trong d6 cac bién A va C 1a cac vecto hé
s6 duoc biéu dién duai dang (15), (16)

A=2.ar-a (15)
C=2r (16)

Trong d6, a giam tuyén tinh tir 2 dén 0 va
r 1a s6 ngau nhién trong [0, 1]
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17)
(18)

D=|C. X" (1)-X(®)
X({t+)=X"(t)—A.D

Néu A >1, thi phwong trinh (13) va (14)
duoc sir dung. Co nghia 1a c4 voi van
dang tim kiém con mdi, qua trinh nay
duoc goi 1a c& thé tim kiém con mdi. Néu
A <1, thi phuong trinh (17) va (18) duoc
sir dung, c6 nghia 13 ca voi dd tim kiém
con moi xong va bay gio n6 phai tan
cong, qua trinh nay dugc goi la bao vay
con mdi bang ca thé thu nho. Trong do t
14 13n 13p hién tai, X 1a vecto vi tri va X
la gié tri tot nhat caa vecto vi tri cho dén
thoi diém hién tai.

X*AX, Y X* Y XY
® L 4 ®
A=14 9
A=0.8 @
AF0.6
9
A0.4
- r A70.2 ® .
X*-AX, Y* @ 9 @®xXY
X v+
e o ®
Xe-AX, Y*-AY X*, Y*AY X, Y*AY

Hinh 5. Ca thé tim kiém bong béng trong WOA
e Cap nhat vi tri va tn cdng: Cap nhat vi
tri duoc thé hién nhu phuong trinh (19)

4{ X' (t)-A.D
X(t+1) =
|D.e”.cos(2pl) + X (t)

,néup <05

néup=0,5 (19)

Trong dé: p 1a sb ngau nhién ¢ [0, 1], |
trong gié tri trong [-1, 1] va b Ia hang s
dé mo ta hinh dang xoan 4c.

Hinh 5 cho thay c4 thé tim kiém bong
bong trong WOA va hinh 6 cho thiy luu

d6 cua phuong phiap WOA. Phuong phap
dua trén WOA dé t6i vu lap dat DG trong
URDS cho muc tiéu giam thiéu ton that
cong suat nhu sau:

Budc 1: Nhap cac théng sé dau vao cua
duong day va phu tai caia URDS.

Budc 2: Tinh tong ton that cong suat tac
dung trén toan URDS sur dung phuong
phap Backward/Forward cai tién [35].

Budc 3: Khoi tao sé lugng ca thé tim
kiém dwoc t6i wu hoa vé vi tri va cong
suat caa DG véi cac rang budc.

Buéc 4: Khai tao bo dém.

Budgc 5: Tinh toan ham thich nghi cho
ting ca thé tim kiém theo phwong trinh
(12) va xac dinh ca thé tét nhat ban dau.
Budc 6: Boi voi mdi ¢4 thé tim kiém cap
nhat lai a, A, C, | va p bang céch sir dung
cac phuong trinh (15) va (16). Trong d6 1
va p 1 cac sb ngau nhién.

Budc 7: Néu (p <0,5), chuyén sang Budc
8, nguoc lai chuyén sang Budc 10.

Budc 8: Néu |A| <1, cap nhat vi tri hién
tai bang cach sir dung phuong trinh (14).

Budc 9: Néu |A| >1, tinh toan cé& thé tim
kiém méi va cap nhat vi tri caa n6 bang
cach st dung phuong trinh (18).

Budc 10: Cap nhat vi tri cia ca thé tim
kiém hién tai bang phuong trinh (19).

Budgc 11: Kiém tra bo dém dat muc tbi da
gia tri dat. Néu dung chuyén dén Budc
12, nguoc lai thi quay lai Budc 5.

6
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Budc 12: Xuat két qua.

I Dit lidu dau vao I
N
s 4

Tinh toan ham thich nghi cho m&i co ché tim kiém
va co ché tim kiém ban dau tot nhat

Cép nhat vi tri tim
kiém hién tai sir dung [
phuong trinh (19)

Cap nhat vi tri tim
kiém hién tai sir dung |
phuong trinh (18)

Cap nhat vi tri tim kiém hién tai sir dung phuong |
trinh (14)

) 4

Néu t<sb 1an 1gp cuc dai

I Xuét két qua I

Hinh 6. Lwu db cta thuat toan WOA

4. KET QUA MO PHONG

Phuong phap dé xuit di duoc danh gia
trén URDS 25 nut va URDS 37 nt.
Trong mdi URDS, ¢6 1 DG c¢6 cong suat
t6i da 1a 20% tong cong suat cua hé thdng
duogc cai dat. Phuong phap tdi wu vi tri va
cong suat DGs dya trén WOA dugc Xay
dung trong mdi truong Matlab. Théng sb
diéu khién cia WOA duoc thiét 1ap cho
ca 2 hé thdng véi sb vong lap 16n nhat
dugc chon bang 300. Trén mdi URDS,
thuat toan WOA duoc chay doc lap 50
1an, két qua téi wu thu duoc tir WOA duoc
so sanh voi tai liéu [23].

4.1. URDS - 25 nat

Phuong phiap WOA dé& xuit duoc thir
nghiém trén URDS - 25 nat vai dién ap

4,16 kV Véi so dd nguyén 1y nhu hinh 7.
Dir liéu duong day va tai tham khao ¢
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[23]. Ton that cong suat ban dau cua hé
thdng 1a 150,12 kW véi dién &p thap nhat
trong cac pha A, B & C tuong tng la
0,9284 p.u; 0,9284 p.u; 0,9366 p.u déu &
tai nat 12 cua URDS - 25 nut. Sau khi st
dung thuat toan WOA dé téi wu vi tri va
cong suat véi 1 DG, két qua cho thidy DG
duoc xac dinh & vi tri toi wu tai nat 13 véi
cong suit la 3x215 kW c6 hé sé cong suét
tré 0,87.

20

¢ ——
! 2 3 4 5
g .
23 24 25
16 o o

.

6 7 9 10 11 12

. » » .
8 14 17 Ia
) *——+o

® 15

Hinh 7. So dd don tuyén URDS-25 nit

Bang 1 cho thay két qua trudc va sau khi
lip dat DG cua phuong phap duge dé xuat
V6i phuong phap trong [23]. Khi két ndi
DG trong URDS ¢ vj tri nat 13, tong ton
thit cua toan bo hé théng 1a 86,25 kW.
Dién &p thap nhat trong céc pha A, Bva C
lan luot 12 0,9542 p.u; 0,9552 p.u; 0,9598
p.u déu ¢ tai nat sb 12. Tir két qua, tong
ton that cong suat trén toan hé théng giam
tir 150,12 kW xudng con 86,25 kW va
dién &p & nat 12 ciing dugc cai thién trong
ca ba pha A, B va C tir 0,9284 p.u, 0,9284
p.u; 0,9366 p.u Ién 0,9542 p.u; 0,9552
p.u; 0,9598 p.u. Két qua ciia phuong phap
dé xuét ciing cho thay ton that cong suat
thip hon so v&i phuong phép trong [23].
Ngoai viéc giam ton that céng suat, dién
ap ¢ tat ca cac nat ciing duoc cai thién
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nhu hinh 8. B4i véi két qua &p dung cho
URDS 25 n(t, sau 30 lan lap thi két qua
hoi tu. Gia tri nho nhét, trung binh cua

[Val (p.u)

[Vb] (p.u)

ham thich nghi tuong @ng Ia 86,48; 86,9
va 87,32 cho thdy chat luong cua giai
phap dé xuat.

[Vel (p.u)

0.98
0.96
0.94
0.92
1 2 3 4 5 67891011N1§t13141516171819202122232425
Hinh 8. C4u hinh dién ap sau khi Ip dit DG cho URDS - 25 nit
Bang 1. Két qua lap dit DG cho URDS — 25 nit
Théng s6 Khdng c6 DG C6 DG [23] C6 DG - WOA
Vi tri - 13 13
Cong suat - 3x215 kW, 3x223 kW,
cos ¢= 0,85 cos ¢= 0,87
Dién ap thap nhat - nit 0,9284 (A) - 12 0,9504 (A) 0,9542 (A)
0,9284 (B) - 12 0,9511 (B) 0,9552 (B)
0,9366 (C) - 12 0,9557 (C) 0,9598 (C)
Y AP (KW) 150,12 90,44 86,25
Giam AP(%) - 39,76 42,55
4.2. URDS - 37 nut WOA dugc dé xuat dugc thir nghiém trén
— 729 - URDS 37 nat vai dién ap thir nghiém
% 1 [P o 'ﬁ 4,8 kW nhu hinh 9. Di li¢u duong day va
T e 70z tai nhu trong [23]. Tat ca cac tai la tai tai

*706
729 744 727 703

> 718
| & 725

F28

® 730

732 708
702 731
T
736 L
@733 775
710 b 734
ITMD
735 - -
737 738 711 741

Hinh 9. So’ d6 cia URDS - 37 nut

chd va bao gdm PQ khong doi va tai rat
mat can bang trén hé thong. Tu két qua
cho thdy nit 722 14 vi tri tot nhat cho vi tri
DG véi cong suat 3x164 kW & hé sb cong
suat tré 0,85. Bang 2 cho thdy mot ban
tom tit cac két qua thir nghiém truéc va
sau khi dat DG cua phuong phéap dugc dé
XUt voi phuong phép duoc dé xuét trong
[23]. Cac dién &p téi thiéu ciing duoc 1am
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ndi bat, dién ap ti thiéu trong cac pha A,
B & C duoc cai thién tir 0,9418 p.u (nat
738); 0,9559 p.u (nat 724); 0,9421 p.u
(nit 740) (khi khong c6 DG) duoc cai
thién 0,9814, 0,9863, 0,9534 p.u (khi co
DG). Do d6, ¢6 sy cai thién vé dién &p toi
thiéu khi so sanh v&i vi tri cia DG truée
va sau khi két ndi DG.

Tur két qua, tong ton that dién nang trén
toan hé thdng giam tir 85,67 kW xudng
con 48,24 KW. Két qua cia phuong phap
dugc dé xuit ciing cho thay viéc ton that

[Val (p.u)
1.02

0.98
0.96
0.94

0.92

|Vb] (p.u)

(ISSN: 1859 — 4557)

cong suat tdc dung thidp hon so Vi
phuong phap trong [23]. Ngoai viéc giam
tén that cong suat cua hé thong, dién &p o
tdt ca cdc nat cling duoc cai thién nhu
hinh 10. Ngoai viéc giam tén that cong
Suit ciing nhu dién &p & tat ca céc nit
cling dugc cai thién (hinh 10). Béi voi két
qua ap dung cho ludi dién URDS 37 nlt,
sau 30 lan lap thi két qua da hoi tu. Gié tri
nhé nhét, trung binh va cao nhat caa ham
thich nghi twong ung la 43,72; 43,87 va
44,02 da cho thay chat luong cua giai
phap dé xuat.

[Vel (p.u)

799 701 702 703 730 709 708 733 734 737 738 711 741 713 704 720 706 725 705 742 727 744 729 775 731 732 710 735 740 714 718 707 722 724 728 736 712

Nut

Hinh 10. C4u hinh dién ap sau khi Ip dit DG cho URDS — 37 nut

Bang 2. Két qua kiém tra Ip dat DG cho URDS - 37 nut

Thong s6 Khéng c¢6 DG C6 DG [23] C6 DG - WOA
Vi tri - 722 722
Cong suat - 3x160 kW, 3x164 kW,
cos o= 0,85 cos 0= 0,85
Dién é&p thap nhat - nat 0,9418 (A) -738 0.9814 (A) 0,9815 (A)
0,9559 (B) - 724 0.9863 (B) 0,9867 (B)
0,9421 (C) - 740 0.9534 (C) 0,9538 (C)
S AP(kW) 85,67 51,2 48,24
Giam AP(%) - 40,24 43,68
5. KET LUAN suit cia DG trong URDS véi ham muc

Bai b4o nay trinh bay thuat toan WOA dé
giai quyét bai toan téi wu vi tri va cong

tiéu 1a giam thiéu ton that cong suét tac
dung. Phuong phap WOA dé xuat duoc
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chang minh va thir nghiém trén URDS 25 hiéu qua dé giai quyét bai toan téi wu vi
nat va URDS 37 nut di cho thdy hiéu qua  tri va cong suit cua cac DG trong céc
va chat luong cua thuat toan. Vi vday, URDS.
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