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Tom tat:

Bai bdo nay trinh bay thudt todn PSO dé tai cdu hinh Iudi dién phan phdi ba pha hinh tia khéng can
bang nham gidm thiéu ton that cdng sudt véi cong cu tinh toan phan bd cdng suét 1a phuong phap
Backward/Forward cai ti€n. Phuang phap dé xudt st dung cong cu tinh todn phan bd cong suat
Backward/Forward cai ti€n thay thé cho cong cu tinh phan b6 cong sudt truyén thong khac nhu
Newton - Raphson va Gauss - Seidel trong giai thuat PSO dé tinh toan cho Iui dién phan phéi khdng
can bang hinh tia. K&t qua clia phuong phap dé xuét dugc ki€m nghiém trén IuGi dién phan phdi 33
nut - IEEE va Iudi dién phan phdi thi xa Tan Chau, tinh An Giang thong qua phan mém MATLAB va
PSS-ADEPT da cho thay tinh hiéu qua cta phugng phap da dé xuat.

T khoa:
Backward — Forward, tai cdu hinh, PSO, Iudi dién khdng can bdng, giam ton that cdng suét.
Abstract:

This paper presents the PSO algorithm to reconfigure the unbalanced three-phase distribution grid to
minimize power loss with improved power distribution tool Backward/Forward. The proposed method
uses an improved Backward/Forward power distribution calculation tool to replace other traditional
power distribution tools such as Newwton - Grapson and Gauss - Sdeil in PSO algorithm to calculate
for the grid. unbalanced distribution. The results of the proposed method have been tested on the
33-node distribution grid - IEEE and the distribution network of Tan Chau Town, An Giang through
MATLAB and PSS-ADEPT software that have shown effectiveness.

Keywords:

Backward-Forward, reconfiguration, PSO, unbalanced distribution grid, power losse.

1. GIOI THIEU

Ludi dién phan phdi (LDPP) c6 cdu tric
mach vong nhung van hanh hinh tia vi n6
lam giam dong ngan mach va dam bao do
tin cdy. Nhu cau ning luong ngay cang
ting dang dit ra stc ép 1én hé thong dién

phai dam bao cung cdp dién véi chat
lugng dién nang ngay cang cao. Vi vay,
viéc nghién ctru vé LDPP s& c6 y nghia
rit quan trong trong thyc té van hanh va
thi cong, trong d6 bai toan giam ton that
dién ning hay giam ton that cong suat tac
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dung dugc chu y hon ca va la chi ti€u
hang dau trong nganh dién. Trong cac
phuong phap giam ton that cong suat thi
tai cau hinh LDPP (Distribution Network
Reconfiguration - DNR) nhim giam ton
thit cong suit tic dung v6i hidu qua cao
vi khong can tén chi phi dau tu hay cai
tao. Do do, viéc nghién ctru cai tién DNR
trong diéu kién thuc té s& mang lai hi¢u
qua kinh t& va ¥ nghia thyc té rit quan
trong, dac biét la trong van dé LDPP
khong can bang.

Nhitng nim gan day ciu hinh LDPP duoc
xem xét rat nhiéu, nhung hau hét cac
nghién ctru tap trung cho LDPP can bang
nhim hoach dinh ké hoach lau dai va
giam ton that cong suit tic dung. Nhung
thuc té, LDPP dang van hanh hau nhu
trong diéu kién khong cin bang, vi thé ton
that 1a rat 16n [1]. Vin & DNR duoc xem
xét nham giam thiéu ton that cong sut tac
dung trén LDPP ciing nhu viéc giam thiéu
thoi gian tinh toan 1a mot yéu cau can
thiét hién nay. DNR duogc thuc hién bang
cach thay doi dong/mé cac khoa dién dé
cai thién hiéu suat cia mang dién: giam
ton thit cong suét tac dung, can bang tai
va giam thiéu vi pham rang budc [2].
Nhiéu phuong phap di dé& xuat: tiép can
dua trén 1ap trinh heuristic, meta-heuristic
va toan hoc [3]. Cac phuong phap DNR
siéu hinh dua trén cac thuat toan tim kiém
thong minh nhu thudt toan di truyén
(Genetic Algorithm GA) [4], thudt toan
thin kinh nhan tao (Artificial Neural
Network - ANN) [5], thuat toan tdi wu
héa dong hat (Particle Swarm
Optimization Algorithm - PSO) [6]...
Trong cic phuong phap tdi uu hoa toan

hoc, mo6 hinh DNR thuong dugc xay dung
dué6i dang cac van dé 1ap trinh tuyén tinh
[7], [8] lap trinh bac hai [8] hoac 1ap trinh
phi tuyén [9]. Thuc té, LDPP dugc vén
hanh v6i mirc d6 mat cAn bang co thé
quan sat dugc do tai khong déng déu, ciu
trac mang khong dbi ximg va sy xuét hién
cuia cac cong nghé. Dé giai quyét vin dé
nay, trong [10] dé xuat thuit toan DNR
khong can bang quy mé 16n nhim giam
thiéu ton that cong suit tac dung. Trong
[11] phuong phap heuristic ap dung cho
ca LPPP can bang va khong can bang dé
giam thiéu ton that cong sudt. Phuong
phap nay phu hop hon véi cac mang can
bang. Tuy nhién dbi vdi LDPP khong can
béng, hi¢u qua phu thudc vao muc do mét
can bang hé théng. Trong [12] thuat toan
céu hinh lai 2 giai doan cho ca cin bang
va khong can bang nhung thoi gian tinh
toan 16n. Nhu vay, yéu ciu can phai c6
phuong phap giai bai toan DRN trong
LDPP khong can bang tdi uu toan cuc va
giam thiéu thoi gian giai.

Hién nay, c¢6 2 nhom phuong phap
hueristic va meta-hueristic trong tbi wu.
Hueristic thuong cho két qua roi vao cuc
tri dia phuong, trong khi dé meta-
hueristic cho két qua cuc tri toan cuc nén
duoc ap dung rong rdi trong cac bai toan
tdi wu. Thuét todn meta-hueristis & hinh
1, cong cu st dung tinh toan phan bd
cong suat 1a Newton-Raphson (NT)
hodc Gauss-Seidel (Gauss) hay Jacobi,
Dishonest, FDPF... Tuy vao phuong phép
tinh phan bd cong suat thi hidu qua la
khac nhau. Tuy nhién, khi st dung cong
cu tinh toan ndy mat kha 16n thoi gian
tinh toan vi ching phu thudc vao ma tran
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téng dan nat c6 khdi lwong phan tir 10n.
Trong [13], [14] d& xuat Backward/
Forward (BW/FW) thay thé cho NT hoic
Gauss nhiam giam thoi gian tinh toan
nhung dé xuit nay chi pht hop voi LDPP
hinh tia ¢6 dinh. Piéu nay 1a khong phu
hop cho bai toan DNR. Do d6, can cai
tién phuong phap BW/FW dé giam thoi
gian tinh toan phan bd coéng suat phu hop
trong bai toan DNR [15]. Bai bao nay dé
xuat phuong phap BW/FW cai tién lam
cong cy tinh toan phian bd cong sudt
trong thuat toan meta hueristic & DNR.
Phuong phap dé xuét phat trién dya vao
BW/FW trude d6 chi s dung cho hinh tia
¢d dinh, cai tién dé thay thé cho cong cu
NT hoic Gauss trong bai toan DNR nham
giam thiéu ton that cong suat va thoi

gian giai.

[ Khéi tao: Quan thé ban diu ngau nhién |
¥

‘ Tinh ham thich nghi cia quan thé ban du |

»l

v

| Taora quan thé mdi va tinh ham thich nghi cia quén thé mai |

l So sdnh cdc gid tri: hién tai. trede d6 va cap nhat l

Téingudng gidihan/
Dat 41 30 lan lip toi da

( Két thuc )

Hinh 1. Lwu @6 giai thuat meta hueristic

2. PHWONG PHAP BE XUAT

2.1. Lwéi dién ba pha khdng can bang
Ludi dién c6 ngudn va tai khong ddi
xung, thuong chi c¢6 tai khong dbi xing
goi 12 mach ba pha khong dbi xtmg. Khi
tai khong ddi xtmg thi dong dién va dién
ap trén cac pha khong dbi xung luc nay
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trén day trung tinh s€ c6 dong dién IN
chay qua. Khi d6, can phai tinh toan ton
that dién 4p cua pha tai ning nhét dé kiém
tra chat luong dién 4p. V6i nhimg luéi
dién nay, dé giam chi phi van hanh va
tranh gdy mat dién khi chuyén tai, cac
diéu d6 vién chi cho phép thay ddi cau
hinh lué6i khi that can thiét d& chéng qua
tai, khoi phuc sau su ¢d. Vi vay, muc tiéu
diéu khién LDPP trong truong hop nay 1a
céu hinh van hanh LDPP khong cén bang.

Iz — AP¢

Is — APp

In = APs

APn = II%RN
Hinh 2. LDPP khéng can bang
Cong suét tac dung P cua mach ba pha
bang tong cong suét tac dung clia cac pha.
Goi Pa, Pg, Pc tuong img 1a cong suét tac
dung ctua pha A, B, C.
P=Pat+Pg +P¢

=Ualacospat+UglgcospgtUclccospc (1)

Mach ba pha d6i xtng:
Ua=Ug=Uc=U,

Vala=lg=lc=1, 2)
V§i: COSpa = COSQg = COSQc = COSP

P = 3Uplpcose = 3I3R, (3)

Tacd
Sa = PatjQa; Se=Pe+jQs; Sc=Pc+jQc.

Do tai khéng d6i xung, luc nay trén day
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trung tinh sé& xuét hién dong dién. Dya
theo gian dd vector thé hién mbi quan hé
gitra ba pha A, B, C ta co6:

1 1 V3 V3
Py =Pa—Pss—Pco— Qs+ Qe (4)

1 1 V3 V3
Qr=Qa—Qs;-Qc; +Pe7-—Pc- (5)

Nhu vay, ham muc tiéu la:

> AP = APp + APg + APc + APy (6)
. P2 + Q2
V6i APy = =Ry
Uy
Pa
Qc —_—
iy
! Qs
5 (313
Pe 307
U e _ 4 1 __
Qs 7| Fe
Ug

Hinh 3. So’ dd chuyén dbi céng suét

2.2. Phwong phap BW/FW cai tién

Nguyén ly hoat dong cua phuong phép
BW/FW cii tién dugc sir dung thong qua
viéc tim ra tit ca cac dién ap nit cua
LDPP. Tir cac dién ap ndy c6 thé tinh truc
tiép dong dién, ton that va cac trang thai
6n dinh khac cho LDPP hinh tia thay thé
cho phuong phap truyén théng nham
giam thoi gian tinh toan. BW 1a tinh dong
dién hodc dong cong suit véi dién ap
dugc cap nhat va duoc tinh bat dau tir nit
cudi cung vé nut gbc. FW 1a tinh syt ap
v6i dong dién hay dong cong suét cap
nhat. Dién 4p nut dugc cap nhat trong FW
bit dau tir nat gbc dén nut cudi cung,
dugc mo ta ¢ hinh 4 [15].

Doc dir ligu duong day va tai (c6 xét may phat va tu bu), xéc dinh sé nat va loai nat
(nat nguodn: 2, nut tai: so 1) va so lién két cac nat
T

Xac dinh ntt cudi ludi:
it loai = 1, s6 lién két =1

Diing

-Tinh tn thét cong sut trén duong day lién két voi nat gbc;
-Cong dén cong sudit phu tai tai nit do va ton thét cong sudt vira tinh vao nit lién trudc;

-Giam s lién két tai nat vira xéc dinh vi va xoa bo dir lidu day va nut di tinh.

Sai . |
Tong so lién két =0

Dung

I Cap nhat lai gid tri dudng day va tai duge cong dén tai cac nit

Xac dinh nat nguén: =2,
s6 lién két cira nat >=0

Diing
- Tinh ton that dién ap, ton thit cong suat trén dudng day va dién ap nut lién két

- Giam sb lién két dudng day tai nit vira dugc xdc dinh va x6a bo dir liéu duong day

trén nhanh lién két

Téng s6 lién két = 0

Tinh tong ton thit cong sudt trén toan luGi

Hinh 4. Lwu db tinh phan b6 cong suat
bang phwong phap BW/FW cai tién

2.3. Str dung thuat toan PSO tai cau
hinh cho Iwéi dién 3 pha khéng céan
bang

Pé giai bai toan tdi wu tai cdu hinh LDPP
thi can phai giai lién tuc cc bai todn vai
vi tri cac khoa dién mé dé dam bao van
hanh hinh tia v6i muc tiéu 1a giam thiéu
tén thit cong sudt trén LDPP. Ton that
cong suat cua hé thong bang tong ton that
tac dung trén cac nhanh 13 nho nhat:

AP = YNPI AP, = YNk R, L2 =
2 2
YNOCkiR; Skt

, (7
1
trong d6 AP;: ton that cong suat tac dung
trén nhanh thir i; Ny té)ng sb nhanh;
Pi, Qi cong suit tac dung va phan khéng
trén nhanh th i; V;, Ii: dién ap nat két ndi
cua nhanh va dong dién trén nhanh thu i;
Ploss: tOn that cong suét tac dung; k;: trang
thdi cta khoa dién, néu k; = 0, khoa dién
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thr i mé va nguoc lai. Piéu kién rang
budc: xac dinh cac vi tri khoa mé dé tén
thit cong suit tac dung 1a bé nhat. Gidi
han dong dién trén cac nhanh va dién ap
cac nit:

|II| S Ii,max' Vé’ll = 1, 2, ---'Nbus (8)
Vi,min < |Vi| < Vi,max'
voii=1,2, ..., Nyys (9)

trong d6: Npys 12 s6 nut trong ludi dién;
li max 12 gi61 han dong dién trén nhanh tha
i; Vimin V& Vimax 1an luot 14 gi6i han dién
ap nut nho nhat va 16n nhat cho phép.
Phuong phéap dé xuét ap dung BW/FW cai
tién 1a cong cu tinh t6n that cong suat
trong thuat toan PSO [16] nhim giam
thiéu thoi gian tinh toan va str dung vong
lap tim kiém cAu hinh tinh toan khi ¢6 su
thay d6i vé cAu hinh LDPP, hinh 5. Thuat
toan PSO trong mdt tap hop cac giai phap
tiém nang duoc goi 1a cac ca thé duoc
khoi tao ngéu nhién, mdi ca thé s& co 1
gia tri fitness, s€ dugc danh gia boi céc
ham muc tiéu dé t6i vu hoa trong mdi thé
hé. Phuong trinh cap nhat van tde:

ViL=wvi*+c;rand x(pbest;—

Xi)+Corandax (gbest;—xi¥) (10)
Phuong trinh c@p nhat vi tri:

trong d6: Mdi ca thé & vong lap k véi
Vi€ = (Vi Vo VEin); Vi van the ca thé
1 0 vong lap k+1; w: trong lugng quan
tinh anh hudéng nhiéu dén d6 hoi tu cua
PSO, duoc su dung dé kiém soét cac tac
d6ng ctia van tde cii va hién tai ciia mdi ca
thé; ¢j la hé sb gia tdc, j=1,2; rand, )
ngﬁu nhién gitta 0 va 1; xik = (in1, inz...,
inN): vi trf hién tai ca thé i & vong lap k;
p!(besti = (Pkbestillqpkbestiz... P bestiny: gidi phap
tot nhat cd thé¢ i & vong ldp hién tai k;
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Obest: VI tri cla ca thé tt nhat trong toan
bd quan the; xik+1'

:vitri cia ca thé 1 &
vong lap k+1.
Khéi tao: Quan thé ban diu ngiu nhi én, rong 56 quan tinh w, hé s
giatdc cl, c2, cic khbamé
¥
Tinh ham thich nghi clia quén thé ban du: Tinh todn tén thit céng
suit bing phirong phap BW/FW va xdc dinh Pbest. Gbest ban dn

| Cép nhit gid trj vén tdc, vi tri cia cdc cd thé & ra tao quén thé méi |
[ ]

| Tinh ham thich nghi caa quﬁn thémd, im Py, vA Gpeee |
v

| So sinh Pyux va Gouhién tai v gid trj trubie d6 va cpnhit |

Toi nguéng giéd han/
Dattéi s6 14n l4p t6i da

Pung

C Kt tic D)

Hinh 5. Giai thuat PSO két hop BW/FW cai tién

3. KET QUA NGHIEN Cclru
3.1. Lwéi dién 33 nat, 1 nguoén

Pé kiém tra kha nang ap dung cla
phuong phép dé nghi 4p dung gidi thuat
PSO nham dé giam ton that cong suat tac
dung thong qua tai cAu hinh LDPP, mang
dién duogc kiém tra 1a LDPP 33 nut mau
ctia IEEE nhu hinh 6. LDPP ¢6 1 ngudn,
33 niit ¢6 37 nhanh, 32 phan doan chuyén
mach va 5 khoa dién mo la s33, s34, s35,
$36 va s37. Tong cong suit tac dung va
phan khang cta hé thdng 1a 3,72 MW va
2,3 MVar. O diéu kién van hanh binh
thuong khong c6 duong day nao bi qua tai
Max(l/ Inax) = 0,82496 va dién ap thap
nhét trong hé théng 14 0,91308 p.u. Tong
t6n that cong suit tic dung va phan khang
ban dau la 402,68 kW va 145,14 kVar
[17].

Két qua dién ap cua hé thong sau khi mo
phong cac phuong phap tinh phan bd
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cong suat: BW/FW, NT va Gauss duoc
trinh bay & bang 1. Phuong phap dé& xuét
dugc trién khai trong Matlab trén may
tinh ca nhan véi CPU Intel Core i3 4160
@ 3,6 GHz, 1 CPU, 8GB, Windows 7
SP1 (64-bit).

Hinh 6. Lwé&i dién phan phéi 33 nat [17]

Bang 1. Két qua 3 phwong phap tinh phan bé

cdng suét
Phuong phap | BW/FW | NT Gauss
S 1an lap 3 3 548
Thoi gian (s) | 0,3987 | 0,5703 | 1,1394
AP (kW) 154,8 155 151

Tir két qua tinh toan tir ba phuong phap
BW/FW, NT va Gauss cho LBPP 33 nut
dugc trinh bay nhu & bang 1. Tong t6n
that cong suat tac dung toan LDPP cia
phuong phap ¢6 két qua tuong duong véi
phuong phap NT va dugc kiém tra trén
phan mém PSS- ADEPT ciing cho két qua
tuong tw. Vi két qua tinh toan cho thay
phuong phap dé xuét co do chinh xac cao,
hoéi tu nhanh nhu vdy phuong phap
BW/FW cai tién 1a phu hop va kha ning
ung dung cao.

Khi ap dung giai thuat PSO két hop véi
cong cu tinh todn phan bd cong suét

BW/FW cai tién, cho thiy két qua cac
khoa dién méd: s28; s32; s7; s13; s9 voi
ton that cong sudt 1a 284 kW. Khi thuc
hién trén phan mém PSS-ADEPT véi lugi
dién 33 nat. Hinh 7 1a LDPP 33 nt ban
dau va Hinh 8 la LDPP 33 nit sau khi tai
céu hinh st dung phuong phap dé xuat.
Két qua tinh toan toi wu cho thdy khi s
dung giai thuat PSO voi cong cu BW/FW
da duogc dé xuit ciing cho két qua tuong
ty nhu khi tinh todn trén phan mém
PSS/ADEPT.

[
£
E

2 .

I

el 71

Hinh 7. LBPP 33 nut khi van hanh binh thwéng

il

2 hl
PR A S ] 3
3 1 5 5 % 7 5 )
1 v v v v v topo v
} 5 { o
‘ITr [
opoch - a v
o o
19— |/ SR |
=1
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»— —t o
/ @0 Bl v
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Hinh 8. Mé phéng biang PSS/ADEPT

3.2. Lwéi dién 1 khu vwe cua thi xa Tan
Chéau, tinh An Giang

LDPP Tan Chau c6 dit liéu ¢ bang 2 va so
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d6 nhu hinh 9 ¢6 33 khoa dién, 26 phu tai.
Trong d6 c6 2 khoa dién mé ban dau 1a
khéa dién mo LS-7-109 va LS-7-112 voi
dién tré nhanh tuong ung la R=0,15 Q;
X=0,12 Q v&i tdn that cong suat ban dau
ctia toan hé théng LDPP Tan Chau tuong
g 12 73,5 kW.

Bang 2. Div liéu cta lwéi 15 nat Tan Chau

Tai PA QA IDB QB PC QC
kW | kvar | kW | kVar | kW | kVar
1 14 105 | 19 12 20 15
2 125 | 85 7 8,5 11 8,5
3 16 125 | 85 6,5 13 11
4 13,5 7 13,5 9 5 4
5 17,5 10 11 8 12,5 10
6 10 6 9 6 10 7,5
7 16,5 7 8,5 7 11 8
8 12,5 8 11 8 7,5 8
9 14 12 10 7 9 8
10 6 5,5 75 4,5 9,5 6,5
11 7 5 115 | 85 13,5 11
12 10 6 19 6 22 6
13 13 105 | 14 11 10 8
14 | 175 13 9 7 16 10
15 12 10 12 9 7 6
16 11 10 13 14 12 10
17 7 6 6 6 10 6
18 8,5 75 8,5 6 11 8,5
19 | 125 8 11 8 7,5 8
20 14 12 3 12 9 8
21 6 4,5 16 45 5 45
22 7,5 6 14 10 14 10,5
23 | 115 | 85 18 11 14,5 9
24 11 6,5 12 8 12 9,5
25 22 145 | 135 | 105 13 8,5
26 | 135 7 16,5 9 5 3
27 | 175 10 11 10 7,5 10
28 10 7,5 6 5 10 6

Két qua tinh toan khi ap dung giai thuat
PSO v6i cong cu BW/FW cii tién su
dung dé phan bd cong suit trén LDPP
khong can bang cho LDPP Tan Chau thu
duoc cac khoa mo 1a 2 khoa dién LS-7-
109 va LS-7-114 véi ton thit cong suat

| 0.0425

l
l 0039
]
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v6i cu hinh dé xuét la 54,4 kW, nhu hinh
11. Khi thyc hién tinh toan kiém chung lai
trén phan mém PSS - ADEPT ciing cho
thiy két qua twong tu nhu phuong phap
da dé xuat.
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