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TOM TAT: H¢ thong dién phan phéi la mot phan quan trong ciia hé thong dién thé hién lién két

giita nha mdy dién va tai. Méi lién két cé anh huwéng dén hiéu qua kinh té cia ledi dién trong viéc

chuyén tdi cong sudt tir nguon dén noi tiéu thu. Cdc cong ty dién luc ludn mong muén im ra mét cau

triic luoi phdn phcfi hiéu qua nhat ma sé mang lai mot loi ich to lon, do la tim ra dwoc mot cdu triic ¢é

16n thét cong sudt thap nhdt trong ludi dién phén phéi.

Bai bdo nay dé xudt mét ing dung ciia thudt todn di truyén dé xdc dinh cdu triic luGi dién phan

phoi 16i wu cho muc dich gidm ton thdt cong sudt véi cdc rang bugc nhu: tdi khéng bi c6 ldp, gidi han

cong sudt trén dwong ddy va tram bién dp va sut dp nhé nhat. Tinh chinh xdc cia gidi thudt dwoc kiém

chirng thong qua luci dién o [3], va két qua bai todn dwoc so sdanh voi cdc két qud khdc o [1, 3, 6, 8].

Tir khéa: lui dién phan phoi, tdi cdu triic lwdi dién, tén thdt cong sudt, thudt todn di truyén.

1. GIOI THIEU

Hé thong dién phan phdi truyén tai ning
luong dén cac khach hang tir nhitng tram phan
phéi. Trong khi cdc duong day truyén tai va
tram truyén tai dugc xay dung nhu mdt mang
luéi, con cdc tuyén day phan phéi c6 ciu tric
hinh tia. Ly do chinh dé lu6i dién van hanh
hinh tia: don gian trong vdn hanh, c6 dong
ngin mach bé nén don gidn héa cic thiét bi
déng cit va bao vé trén cdc phat tuyén,....
Thong thudng, viée tdi cdu tric ludi dién can
thiét dé phyc hdi viéc cung cip dién cho cdc
khich hang sau su cd, hodc trong qua trinh cat
dién dé stra chita, giam ton that cta hé théng va
cAn bing tai dé tranh qud tai trén ludi,.... Viée
khoi phuc luéi dién dugce thuc hién thdng qua
cdc thao tic déng cit céc cip khéa dién nim
trén cdc mach vong, do d6 trén ludi phan phdi

¢6 rat nhiéu khéa dién. Mot hé thong phan phdi

van hanh c6 chi phi thip nhét, khi phai thoa cic
didu kién sau:

- Hinh tia.

- T4t ca cdc tai déu lam viéc.

- Céc thiét bi biao vé qué dong dugc phdi hop
v&i nhau.

- Puong ddy, mdy bién 4p va céc thiét bj
khdc van hanh ¢ gidi han cho phép.

- Bién 4p roi & muc cho phép...

Hién nay, t6n that ning lwong trén ludi phan
phdi luén cao hon so véi ludi truyén tai (5% -
7% s0 v6i 2%- 3%). Van dé giam ton thit dién
ning trén ludi phan phdi cling da dugc nghién
clru va tmg dung vao trong ludi dién ching han
nhu: bl cong sudt phan khéng, ning cao dién
4p van hanh ludi dién phan phdi (15 kV nang
1én 22 kV), hodc ting tiét dién diy dan,.... Tuy
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nhién céc bién phdp nay c6 khuyét diém 16n 1a
phai ton cdc chi phf dau tw va lap dit thiét bi.

C6 mot bién phap tdn dung thiét bi c6 sin
trén ludi dién dé thyc hién viée giam tbn thit,
d6 1a tii cdu tric lugi dién thong qua viéc
chuyén tai bing cich déng/md cic cip khod
dién dé thay ddi cdu trdc mang. Khi dé ludi
dién s& van hanh vai chi phi thap, trong khi van
thod man céc rang budc trén.

Hién nay c6 rit nhiéu giai thuat khic nhau
dung dé tai cdu tric lugi dién dé thoa mot hay
nhiéu muc tiéu khac nhau nhu ton thit cong
sudt thip nhat, ton that ning lwong thap nhit,
chi phi van hanh thip nhét,.... Ching han nhu
Goswami va cdc cong sy [6] trinh bay giai
thuat Heuristic ding dé tdi uu héa dong cong
suat dé cyc tidu ton thit cia ludi dién. Hay nhu
& [1], sir dung gidi thudt Heuristic mo dé gidm
tén thit cong suét tic dung. Ngoai ra, con mot
s6 cdc giai thut khéc c6 thé ké dén nhu & [3—
8], [11-14].

Viéc tdi cAu tric luwdi bing cdch déng/md céc
khéa dién 1a mot vén dé phtrc hop dugc Kkét hop
nhiéu vén d t6i vu lai véi nhau. Thuat todn di
truyén gan day duogc s dung dé giai quyét

nhiéu van dé lién quan dén k¥ thuét va dic biét

hiéu qua trong viéc giai quyét nhing vin dé
tim kiém réng va phue hop [10].

Thuat toan di tmyén lam viéc dua trén co ché
chon loc tu nhién, dwoc ding dé giai quyét
nhiing vén dé tuyén tinh, khong tuyén tinh, dé
tim ra 1o giai thoa ham muc tiéu dé ra. GA lam
viéc song song nhiéu tap 10i giai dé tim ra mot
10i giai toi wu hay gan tdi wu. Trong bai bio,
thuat toan di truyén dwoc dp dung dé tdi ciu
tric ludi dién thoa ham mot myc ti€u va cac
rang budc keém theo. Két qua cua truong hop
nghién ctru phit hop véi cdc két qua nghién ctru
khac va mang tinh trng dung cao.

2. XAY DUNG HAM MUC TIEU CUA BAI
TOAN TAI CAU TRUC LUOI PIEN
2.1. Ham muc tiéu

Xét cAu tric ludi dién hinh tia nhu hinh 1.

Trong d6:

n: sb luong cdc thanh cai (bus).

Uy: dién 4p tai nit can bang cta hé thong.

U;: dién dp tai nuit thri (i=1, 2,... n).

1;, X dién tré, cam khang ctia nhanh thir i.

P, Q; dong cong sudt tic dung va phan
khdng chay trén nhdnh thir i.

P, Qui: Cong suat tac dung va phan khang

do tai thir i ti€u thy.

Uy Ui, U U,
I Iy Xg I L 5Xig I L5 X I L X |
I ..........
Py; Qo P_5:Qi, P;Q, PLi:Qin
PL,i—l 5 QL,1_1 PL,i ;QL,i PL,i+l ;QL,i+l PL,n ;QL,n

Hinh 1. C4u tric mang dién hinh tia don gidn
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Pé xdc dinh tén thit cong sudt trén dudng
day phan phdi, ta dua duong day vé dang so do
thay thé nhu hinh 2, & so d6 thay thé téng din

duong day dugc bo qua.

P, +jQ, Z P, +jQ,
o——> II II —
)
P, +jQ,

Hinh 2.So d6 thay thé duong day phéan phéi

Khi c¢6 dong dién chay qua tong tro Z = R +
jX (Z: téng tro duong day) thi tén thit cong

2 2, 2
AP:3[2R:S_2R:P2;2Q2R (1)
dm Udm

Pé don gian tinh todn ta gia thiét dién dp tai
cdc nit tai gin bang dién 4p ngudn nén: U; =
Ugm va trong hé don vi tuong ddi Uy, = 1, do
dé6 cong thuc (1) co thé duoc viét lai nhu sau:
@)

Gia sir ta ¢6 do thi phy tai cong sudt tic dung

AP=31’R=S’R=P’R+Q5R

va phdn khang trong thoi gian T (T = 24h) cia
tAt ca cdc phu tai trén ludi dién (hinh 1) nhu
hinh 3. D) thi ¢6 thé chia thanh M bic mi

trong thoi khoang t,, (m = 0,...,24) céc gia tri

suat la:
cOng suat tai khong doi.
%Pmax A %Qmax A
10 + 10 +
08 + 0.8 - _'_,_I—
06 T 0.6 _|—\—
04 J 04 4
02 + 02 +
h
0 4 8 12 16 20 24 0 4 8 12 16 20 24

Hinh 3. D4 thi phy tai cong suét

Do d6, trong bac thtt M, dong cong suit
nhdnh ty nhién thr i c¢6 P; p, Qi (i =1...n)
khong d6i nén ludi dién c6 ton thit cong suat

N

la:
S 2 S 2

APm :ZPimRi +2QimRi (3)
i=1 i=1

Khi d6 lugi dién c6 tén thit ning luong AA
cua ludi dién trong thoi gian khao sit T,

M
T=>1,l

m=1

AA:%AP: :i(i“sz.} +i[iQ?R.} 4

m=1 m=1\_i=1 m=1\_i=]

Tuy nhién, theo [1]: “C6 thé x4c dinh chu
tric ludi dién phan phdi giam ton thit ning
lwong AA bing giai thuat tai cAu tric ludi giam
AP khi cong sudt tai cdc nit tai 1a cong suét
trung binh trong thoi gian khdo sat”.

Hién nay, hau hét cdc thong sb vé cong suat
trén duong day & nudc ta hay cdc nudc trén thé

giéi déu 1a cong suét trung binh trong thoi gian
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khao sét, do viéc cip nhit céc thong sb vé cong
sudt va dd thi phu tai lién tyc 1a rat khé khan.

Cong suét trung binh trong thoi gian khao sat
¢6 thé xac dinh d& dang trong thyc té thong qua
céc dién nang ké hay hé thong héa don tién
dién. Do vay cong sudt tinh toan chinh dugc dé
cap trong bai bdo nay s& 1a cong suit trung binh
trong thoi gian khdo sét.

2.2. Céc diéu Kkién rang budc

Khéng phai moi ciu tric mdi tao ra tir ciu
triic ludi ban dau déu c6 thé chip nhan boi vi
céu tric phit hop phai thoa man céc rang budc,
de la:

- Rang budc vé cu trdc lu6i: Ludi hinh tia,
tai khong bi c6 lap.

- Rang budc vé& van hanh va tai: yéu cau bién
d6 dién 4p phai thoa man tai mdi nit phu tai i
12:0.95 < | Vil < 1.05.

- Rang budc vé do cin bing cong suit trén
duong day va tram bién dp: Dé dam bao rang
buoc nay, ham muc ti€éu dugc sir dung:
Som 2P +07 .

2.3. CAc gia thiét ban diu

Dé giam tinh phirc tap ciia bai toan, can phai
dwa ra mot s gia thiét ban dau 1a:

- B6 qua cdc thiét bi b cong sudt phan
khang trén ludi khi giai bai téan xdc dinh ciu
trdc ludi dién phan phéi.

- Thao tic déng/cit dé& chuyén tai, khong gay
mét 6n dinh cua hé thng dién.

- P tin cdy cung cip dién cua ludi dién phan
phdi dwoc xem 1a khong ddi khi cau tric lugi

thay doi.

- Ludi dién c6 céu tric tai 12 can bing giita
cdc pha, khong xét dén truong hop ludi dién
khong cin bing.

3. THUAT TOAN

Thuat toan di truyén 1a mot phﬁn cia mot
linh vuc rong 16n goi la tinh todn tién hoa
(evolutional computation), la thudt todn tim
kiém dya trén co ché chon loc ty nhién, di
truyén va tién héa. Khi tim kiém 10 giai tdi wu,
thuat toan di truyén ciing thuc hién cdc budc
twong ty nhu qué trinh tién héa chung cta sy
vat. B6 1a qua trinh chon loc tu nhién nhiing ca
thé c6 d6 phtt hop kém hay nhitng cd thé x4u s&
bi loai bo, nhirng c4 thé c6 d6 phit hop cao hay
¢4 thé tbt nhit s& dugc gitt lai. Trong thuét
todn, mot chudi cdc nhidm sic  thé
(chromosomes) duogc tao ra va xt ly trong sudt
qua trinh tinh toan. Hoat dong cia GA kha don
gian, n6 chi sao chép cdc chudi va trao ddi cic
phin khéc nhau ciia chudi bing ba thudc tinh
co ban cua di truyén la tdi san sinh
(reproduction), lai tao (crossover), va dot bién
(mutation) [2].

Qud trinh ddnh gid dan sb duoc thuc hién
bang céch tai san sinh nhitng c4 thé con véi do
pht hop (fitness) cta cdc cd thé cha. So vdi céc
phuong phéap tmyén théng, GA lam viéc voi
céc thong sb can xdc dinh dudi dang ma héa
chir khéng phai 1a ban than truc tiép cta thong
s6 d6. Viéc thay doi chudi st dung qua trinh
chon loc ty nhién va todn tir di truyén nhu dot
bién, lai tao. Sau khi héi tu, chudi dugc ma héa
thanh gid tri cia 1oi giai ban diu va qué trinh

tinh todn da thuc hién xong.
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GA 4p dung vao bai todn tdi ciu tric ludi
dién dugc tom t4t thanh luu dd giai thuat dugc
trinh bay & hinh 4. Phan quan trong cia lvu dbd
chinh 13 st dyng GA, viéc xUr 1y chinh thong
qua cdc toan tu lai tao, dot bién,...

DPé GA lam viéc ta phai ma héa 1oi giai ciia
bai todn. Trong mdt mang dién, néu gitra hai
ndt c6 lién két (giita hai nit c6 mdy cit dang
dong), bit dugc ma hod tuong uing s€ la 1 va

nguoc lai néu hai nit khong lién két véi nhau

(giita hai nit c6 méy cit dang mo), bit duwge ma
hod tuong tmg s& 12 0. Mdi c4 thé dugc ma hod
s& tuong trung cho mdt ciu tric cia mang.
Chiéu dai ctia mdi nhidm sic thé dugc quyét
dinh boi s6 lwong mdy cat c6 trong mang.
Thuét todn dung dé tao ra dan sb dugc trinh
bay ¢ hinh 5.

Ngd vao dir kién hé théng:

- Ki€u hé théng phan phdi hinh tia v38i di¥
kién thong s6 da bict.

- S8 lugng khod dién van hanh v3i dudng
day hd (tie-lines).

¥

| Khdi tao quan thé |

¥

| Gidi mi cdc cd thé thanh cau hinh mang |

>]
v

Gidi bai todn phan bd ¢ong sudt, tinh cdc chi
sO cho moi ca thé.

¥

Xdc dinh gid tri ham muc tiéu cho cdc cd thé

¥

Pdnh gid d6 phit hgp cho mdi cd thé trong
quin thé.

1

Lai tao, dot bi€n, trao ddi gitta hai cd thé va
sau d6 tdi sdn sinh, chon loc cic ca thé tir th&
hé k& ti€p cia quan thé.

v

Pdnh gida dd phia hgp véi mdi chudi nhiEm
sdc thé.

= 2

l Co

| Xud't dir liéu |

Hinh 4. Luu d0 giai thuat ciia GA dp dung vao bai todn tdi céu tric ludi dién
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Xdc dinh s vong kin trong mang dién

v

Xac dinh s6 mdy cit mo trong mang dién

q
>
A

y

Doéng mot cit

dang mo bat ky

\ 4

Mé mét mdy cit dang déng bat ky trong
vong vira moi tao ra

v

Tao mét cé thé trong quan thé

P s6 cd thé trong
quan thé?

Hinh 5. Luu d0 giai thuat tao ra c4 thé trong quan thé

Trong qu4 trinh tdi san sinh, mot tap chudi cii
duoc lwya chon dé san sinh ra mét chudi moi
phu thudc vao xdc suit Iya chon bing phuwong
phép 14y miu ngau nhién.

Trong qud trinh lai tao, hai chudi nhidm sic
thé dugc lwa chon ngiu nhién dong thoi tir dan
sb. Vi tri ngau nhién duoc chon lua trong hai
nhiém sic thé va vi tri nay s€ thuc hién qua
trinh trao ddi bit cho nhau. Qué trinh lai tao sit
dung 1a theo phuong phap lai tao da diém.

Dé tao ra nhidu c4 thé da dang trong quén thé
ta phai tién hanh dot bién c4 thé d6. Trong qud

trinh dot bién, mot bit ngdu nhién trong c4 thé

dugc thay doi (tir “0” thanh “1” hodc tir “1”
thanh “0”).

Trong bai todn tai clu trdc ludi, bt budc
phai tién hanh giai bai toan phan bd cong suit.
Phuong phdp dwoc Iya chon dé giai bai todn
phan bd coéng suat la theo phuong phap lap
Newton — Raphson. Ly do chinh dé chon Ia:

-Dé c6 thé dat d6 chinh xdc va dd tin cay
cao.

-Do trong chuong trinh viéc gidi bai todn
phan bb cong sudt dugc thyc hién rt nhidu 1in
nén s& ton nhiéu bd nhd, do vay viéc sir dung

phuong phép chiém it bd nhé 12 can thiét.
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nay thudng dwoc nhidu nha nghién ctru lam vi
du miu @ kiém tra do chinh x4c cua céc giai
thuat tdi cdu tric ludi vi ddy 1a ludi dién phan

-Mang dién st dung 1a twong ddi 16n, tir

chuong trinh c6 thé mé rong cho bai toan c6
phdi c6 do phirc tap cao, gdm 5 vong long

nhau, c6 cau tric sau. Nén néu giai thuat khong

cau trac 16n hon.

-Tinh h¢i tu ctia phuong phap nay cao, ¢6 thé
da manh, qud trinh tim kiém rét d& bj roi vao

cuec tri dia phuong.

dat duoc chi sau mot sb 1an 1ap.
Dir liéu ctia hé théng dugc iy tir [3]. Ciu

4. UNG DUNG GIAI THUAT PUQC PE

XUAT GIAI BAI TOAN TAI CAU TRUC
tric ludi ban dau duoc trinh bay & hinh 6. Cic

vong trong ludi dugc trinh bay tai bang 1.

LUOI BIEN 32 NUT
Heé théng luéi dién ¢ ciu tric 1 ngudn, 32

nit va 37 nhanh dugc st dung [3]. Ludi dién

v S © @
5 [ -
Y C?S 6‘ 7. s."9~~\10 n 12 [13
37 % e
L, e® L ©)
3T e
)
15

28 .
36 ® @

Ghi chi:
: Nit ngudn

O ... @ Nai
1,2, .., 37: SO thi tw cdc nhdnh clia mang dién, chi s6 may cdt.
: Nhdnh ¢6 khoéa dién dong.
: Nhanh ¢6 khéa dién md.

Hinh 6. Ludi dién 32 niit 37 nhanh do Baran & Wu dé& nghi
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Bang 1. Tén khéa md va t€n nhanh trong vong

Vong Khod m¢& Tén nhdnh trong vong
1 37 22,23, 24,37,28,27,26,25,5,4,3
2 33 2,3,4,5,6,7,33,20,19, 18
3 35 2,3,4,5,6,7,8,9,10, 11, 35, 21, 20, 19, 18
4 34 34,14, 13,12, 11, 10,9
5 36 6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 36, 32, 31, 30, 29, 28, 27, 26, 25

V6i céu tric Iuéi ban ddu c6 céc khéa dién
mé 1a: 33, 34, 35, 36, 37 thi tén thit Ia
199.3644 (KW). Con céu tric ludi dién sau khi
thuc hién téi cu tric ludi c6 cdc khéa dién mé
1a 7, 9, 14, 32, 37 va tén that 1a 137.2664
(KW). Nhu vay phﬁn tram ton that cong suat

giam dugc la 31.1480 % sau khi thuc hién viéc
tdi cAu tric 1udi.

Bang 2 trinh bay két qua céu tric lugi cia
mang 1 ngudn dwgc so sinh véi két qua cua

W.M.Lin, Goswami, Baran,...

Bang 2
Goswami Baran Liu GA
Khéa mé 37,79, 8,33,11, 37,7.9, 79,14,
14,32 34,31 14,32 32,37
Giam AP(%) 31.148 27.83 31.148 31.148

Qua bang két qua trén chiing ta thdy ring tuy
bai todn trén lu6i dién miu cia Baran & Wu
duogc giai qua nhiéu giai thuat khac nhau nhung
két qua cudi cting thi van nhu nhau.

Tuy nhién, trén ludi dién ciia minh Baran &
Wu [3] da khong tim ra dugc mot 10i giai toi
uu, va loi giai nay da bi roi vao cuc tri dia
phuong nén két qua giam tn thit cong suat chi
dugc 27,83%. Do cong sudt tinh todn trén
nhanh chi gom thanh phin cong suat phu tai,
bo qua thanh phin tén thét cia cdc nhdnh trude
né. Hai téc gia ciing c6 ging khic phuc nhwoc
diém 16n trong k¥ thut d6i nhanh 1a dé bj roi
vao cuyc tri dia phuong nhung hai 6ng vin gip
phai va két qua vin bi roi vao cuc tri dia

phuong vin chua tién dén cuc tri toan cuc.

Hay theo nhu Goswami [6], thuc hién bai
todn ndy ong di sir dung giai thuat heuristic két
hop voi giai thuat 61 wu, va 1oi giai dat dugc
thoat khoi cuc tri dia phuong va ton thit cong
suat cling giam dugc 1a 31.148%. Diém tuong
dong giita giai thuat do Goswami d& nghi va
giai thuat st dung trong bai bdo chinh la vi¢c
phai giai bai todn phan bd cong sudt rit nhidu
14n nén s& mat nhiéu thoi gian tinh ton.

Hay két qua dat duoc ¢ giai thudt do Liu dé
xut [8] 1a su dung quan h¢ mo ciling dat duoc
két qua twong tu nhu két qua trong bai béo.

Thuét toan di truyén t6 ra 12 mot cong cu hét

suc manh mé& va hitu hi¢u trong viéc xac dinh

nang roi vao 1oi giai toi wu cuc b, dic biét 1a
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kha ning giai quyét nhitng bai todn cé ham
muc tiéu khong kha vi khong thé giai dwoc
béng cdc phuwong phép téi wu truyén théng.
5.KET LUAN

Thuét todn di truyén dugc trinh bay trong bai
béo dé giai quyét bai toan tdi cau tric ludi dién
dé ton thit trong ludi 1a thip nhét, ddng thoi
thda cdc rang budc: ludi hinh tia, tai khong bi
c6 lap, cin bing tai trén duong diy va tram
bién 4p. Ludi dién sir dung trong bai bdo la
ludi dién c6 cAu trdc can bé“mg tai, chua xét dén
1udi c6 céu tric khong cin bang.

Két qua dugc thtr nghiém trén ludi dién phan
phdi 1 ngudn, 32 nit, 37 nhanh va da thé hién
tinh hiéu quéa va kha ning cua GA trong viéc
giai cdc bai todn ham mdt muc ti€u hay da muc
tiéu. Uu diém cia GA chinh 12 viéc thodt khoi

hang loat cic cuc tri dia phuong va tién dén

cyc tri toan cuc. Py chinh 1a diém nbi bat nhét
cua GA so vé6i ciac phuong phdp giai dua trén
tri tué nhan tao khac.

Thuat todn di truyén tuy c6 nguyén 1y co ban
hét stc trong sdng, don gian va d& hiéu nhung
hoan toan khong phai 12 mot thuat todn dé dang
tmg dung cho moi bai todn bat ky. Do thuat
toan di truyén khong gibng nhu céc phwong
phdp gidi tich tinh todn chinh xdc nén nguoi
méi 1am quen véi thudt toan di truyén va bét
dAu g dung thuat toan dé giai quyét cic bai
todn cu thé s& giap rit nhidu khé khin trong
viéc lya chon thich hgp phuong phdp ma héa
101 giai, phwong phap xac dinh d§ pht hop, cic
thong s6 didu khién thuét todn (kich thudc dén
sb, s thé hé tdi da, xdc suét lai tao, xac Suét
dot bién) hay tiéu chuan ngimg lip cho bai

toan, ....

RECONFIGURATION OF DISTRIBUTION SYSTEMS FOR LOSS REDUCTION
USING A GENETIC ALGORITHM

Ho Dac Loc
Hochiminh City University of Technology

ABSTRACT: A distribution system is one of the most important parts of power systems which
show a connection between power plants and loads. Each connection has an economic affection in
transferring power from sources to loads. Power companies expect to find out an optimal configuration
with great benefits which is the lowest power loss. This paper proposes an application of a genetic
algorithm for finding out an optimal configuration which has the lowest power loss with constrains such
as: unisolated loads, limited powers in lines and transformers and lowest voltage drops. The
effectiveness of the proposal is confirmed through simulation results on power systems [3] as well as

comparisons with other results of [1], [3], [6], [8].
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