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Tom tat:

Cac chi s6 do tin cay cung cap dién nhu SAIDI, SAIFI hay ENS phan anh mirc d6 tin cay trong cung
cap dién cua cac cong ty dién luc. Cac chi s6 nay thudng bi anh hudng bdi cach thic st dung cac
thiét bi phan doan trén lugi dién. Chinh vi vay, bai bao nay gidi thiéu két qua nghién clru t6i uu hoda
viéc sir dung so lugng, chlng loai va vi tri dat dao phan doan trén xuat tuyén trung thé 482E4.3 cla
cdng ty dién luc Vinh Phic bang thuét toan di truy@n. Ham muc tiéu da déi tugng téi thi€u hda cac
chi phi thiét bj va lugng dién nang khdng dudc cung cdp do mét dién. K&t qua chi ra rdng cac chi s6
do tin cdy cung cip dién cla xudt tuyén nay khi tdi uu str dung cac dao phan doan bang thuét toan
di truyén d3 dugc cai thién dang k& so vai cac di liéu lich sur.

T khéa:

Dao phan doan, thiét bi tu dong lai, thuat toan di truyén, SAIDI, SAIFI, ENS.

Abstract:

Indices SAIDI, SAIFI or ENS serve as valuable tools for comparing electrical utilities performance
reliability. These indicators may be influenced by the using method of sectionalizers in electrical grid.
Therefore, this paper presents the investigated results on quantity, types and placement optimization
of sectionalizers on 482E4.3 feeder of Vinh Phuc Power Company by means of genetic algorithm.
Objective function optimizes the cost of equipments and the energy which is not supplied due to the

outage of the network. The obtained results showed that reliability indicators of this feeder were
much improved by using an optimization process in comparison to historical data.
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1. MO BAU cic dao phan doan nhim thoa man mot
Déi v6i van dé do tin cdy hé théng dién, ham muc tiéu dinh trudc. Nhitng nghién
giai thuat di truyén thuong dugc ap dung  clru sém nhat vé van dé nay di duoc gidi
dé tim ra sb luong va diém dat téi vu cua  thiéu trong [1]. Cac ham muyc tiéu ¢6 thé
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1a don ddi twong hoic da ddi tuong [2].
Su ung dung thuat toan di truyén dé tim
diém mé trén ludi phan phdi hinh tia ciing
dugc gidi thi€u trong [3] st dung ham
fuzzy khi xac dinh tinh quan trong cta cac
phu tai.

Mot phuong phép tdi wu héa da muc tiéu
su dung thuat toan tién hoa dugc dé xuét
trong [4] nhdm x4c dinh do tin cay tot
nhit cho lu6i phan phdi khi téi thiéu hoa
chi phi mé rong ludi. Nghién ciru vé cac
thiét bi tuy dong lai duoc gidi thiéu trong
[5]. Céac nghién ciu trong cac tai li€u
tham khao trén chi ra rang loi ich mang
lai boi cac phwong phéap tdi uu cho phép
giam tir 30% téi 50% chi phi, diéu do
cling cho thdy mot anh huong tich cuc
dén hiéu ning cta hé thong phan phdi
dién.

Mat khac, cac tai liéu tham khao chi ra
rang phan 16n cac phuong phap dé& xuat
dugc thir nghiém vadi cac ludi nhd, do 1a
nhting vi du khong dac trung cho cac ludi
dién thuc té. Bén canh do, nhu ciu cai
thién chat lugng dich vu ting 1én doi hoi
su tang cuong tinh ty dong hoa ludi dién
bang sy tich hop cia cac thiét bi phan
doan dang khac nhu thiét bi tu dong lai
(Recloser). Su da dang cua thiét bi phan
doan va ciu hinh 16n cta luéi dién thyc té
lam cho bai toan tdi wu sir dung thiét bi
phan doan tré nén phirc tap hon rét nhiéu.
Chinh vi bai bao nay gidi thi€u tinh toan
dira trén thuét toan di truyén cho phép xac
dinh sb lugng va vi tri dat dao phan doan
(thuong dong) va loai dao (dao ty dong
hay dong m¢ co hoc) trén ludi dién phan
phéi. Bé danh gia do tin cdy cua ludi

dién, thuat toan di truyén s€ sir dung ba
chi sd: SAIFI (tdn sudt mat dién trung
binh), SAIDI (thoi gian mét dién trung
binh) va ENS (lugng di¢n nang khong
dugc cung cdp do su cb). Loi giai cua bai
toan toi uu s& dem dén giai phap ning cao
cac chi s6 do tin cdy cung cap dién. Bén
canh do, xdy dung dugc modun phén
mém tng dung trong giang day va nghién
ctru ludi dién phan phdi cua Truong Dai
hoc Dién luc.

2. XAY DUNG GIAI THUAT VA HAM
MUC TIEU

2.1. Chi sé dd tin cay cung cap dién

Pé xac dinh dugc diém thoa hiép tot nhat
giita chi phi dau tu va loi ich mang lai cua
viéc dat dao phan doan, ba chi s6 dugce st
dung: Tan sudt mat dién trung binh
SAIFI, thoi gian mat dién trung binh
SAIDI va lugng dién nang khong dugc
cung cap do mat dién (ENS). SAIFI dugc
su dung dé hiéu chinh tan sut sy cd trung
binh. Céac thong sd khic dugc st dung
trong tinh toan céc chi sb do tin cay bao
gom:

e Tan suét su ) trung binh 4;

e Tong thoi gian nglimg cung cdp dién
trung binh U;

e Thoi gian mét dién trung binh r.

Céc thong sd nay duoc tinh toan cho timg
khu vuc ludi bang cac phuong trinh sau:

Ab ] ; ;{i Ez

U, = Z Aiti

i€Eb

S6 18



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

o Up _ Ziephiti )
’ Ap iep i

Trong do, 4y 1a tan suét su cd trung binh
cia khu vuc b, 4 1a tin suét sy cd cua
tung nhanh i thudc vé khu vuc b, Uy 12
thoi gian mat dién cua khu vuc b va r; 1a
thoi gian mét dién trung binh cta nhanh i.
Mot khu vuc b trong ludi dién dang xét
dugc dinh nghia nhu la mdt nhom nut
duoc gidi han hay khoanh ving béi cac
thiét bi bao vé hoic phan doan. Tir d6, cac
chi s6 do tin cdy cung cép dién duoc xac
dinh boi cong thirc:

SAID = Yves UpNp (4)
ZbEB Nb
()
ENS = Z Abrbl’b
beB

Trong do, B la s6 khu vuc cua luéi dién
dang xét, Np 1 s6 khach hang trong khu
vuc b va Ly 1a phu tai trung binh nam cta
khu vuc b.

2.2. Ham muc tiéu va cac rang buéc

Xuét tuyén ludi dién phan phdi hinh tia
thuong bao gdm B khu vuc c¢6 thé dugc
mo ta boi cay G(V, E) trong d6 V la
tap hop chira n nat va E 1a tap hop chtra
m canh. Mdi nat v; v&i 1 <i< n twong
g v6i mot diém tai va mdi canh e véi
1 <j< m tuwong Gng véi 1 nhanh duong
day, dao phan doan hodc thiét bi bao vé.

Trong nghién ctru nay s€ str dung mo hinh
toan hoc ing dung chi s6 lugng dién ning
khong dugc cung cip (ENS) trong ham
muc tiéu va tbi thiéu hoéa thong sb nay.
Bén canh dé, can luu v réng cac chi sb do
tin cdy cung cap dién c6 rang budc véi
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nhau, do d6 cai thién chi sé nay thuong
din dén cai thién céc chi s6 khac.
Muc dich cia bai toan tdi wu dao phén
doan 1a xé4c dinh loai dao, sb luong va vi
tri dat phu hop nhat trén ludi dién phan
phdi. Céc bién quyét dinh s& xem xét cac
dao phan doan thuong dong véi cac
chung loai khic nhau cé tinh dén dong
dién dinh muc va dac tinh thao tac cua
chung (tu dong hodc bang tay).

( 1, néu mot dao thuong déng, (6)

o5 = { dang s € S,
U ) dwoc dit trong nhanh (i,)) € E;
t 0, néu khac

Goi X 12 nhém cac dao thuong dong (x5 =
1). Trong khi d6 nhom S chua thong tin
vé loai dao xéac dinh béi dong dién dinh
muc va phuong thuc thao tic (tw dong
hodc bang tay). Him muc tiéu can t6i
thiéu hoa c6 dang nhu sau:

F = min{c®ENS(X) + (7)
Yses X, jyer € x5}

Céc rang budc can phai thoa min bao
gom:
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SAIDI(X) < SAIDI 4 (8)
x5, <1(,j)€Es€S 9)
, 10
Z(fﬁ—fij)SliLEV ( )
JEA;
fijxijFS (i,j)EE,s€S (12)
ENS = Z LU, (12)
iev
Yiev NiU; (13)
SAID] = ——
Yiev N;
Ui = liri(X) ievV (14)
fij=0(,j)€EE (15)
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Trong do fi; 1a dong cong sudt chay qua
nhanh (i,j); I 1a phu tai cta nat i; A; la
nhom nuat 1an cén nat i, Fs 1a dong dién
dinh mirc cho phép cua dao loai s; N; 13 sb
luong khach hang st dung dién tai nut i;
c¢® 1a gia dién nang; ¢’ la chi phi mua va
lap dat cho mot dao moi loai S; SAIDIyax
1a chi sb thoi gian mat dién trung binh toi
da quy dinh.

Nhu vay, ham muc tiéu F trong phuong
trinh (7) bao gdém ton that kinh t& do
luong dién niang khong dugc cung cap va
chi phi mua, lip dat cic dao phan doan
modi trong ludi. Rang budc (8) gidi han
gid tri cia SAIDI. Trong khi d6, rang
budc (9) dam béao rang chi c6 khong qua
mot dao phan doan trén mot nhanh. Rang
budc (10) dam bao su cin bang cong suit.
Rang budc (11) dam bao rang dong dién
trén cac nhanh khong dugc vuot qua dong
dién dinh muc cua dao dat trén nhanh do.
Cac chi s6 ENS, SAIDI va U; dugc xéc
dinh bodi cac rang budc (12), (13) va (14).
Tinh khong am cta dong dién (cong suat)
dugc gidi thi¢u boi cac rang bude (15).

Chung ta can luu ¥ rang, cac bién quyét
dinh x% s& dugc dat bang 1 néu nhu
nhanh dang xét trén ludi dién da cho da
c6 mot dao phan doan.

2.3. Xay dwng giai thuat

Thuét toan tbi wu st dung dao phan doan
bao gom hai budc: cic chi tidu danh gia
do tin cay duogc tinh todn trong budc 1
dua trén cac dir liéu lich st vé tn suét su
b cua ludi dién, thuat toan di truyén duoc
sit dung trong budc 2 dé tim 1oi giai tbi
wu vé loai dao, s6 lugng va vi tri dat maoi
trén luoi.

Céc chi tiéu do tin cay dugc su dung &
day 1a ENS va SAIDI, céc théng sd nay
duoc tinh toan theo cac cong thirc (12) va
(13) dwa trén dir liéu lich sir vé tan sudt sy
cd cua ludi dién.

Thuat toan di truyén sau d6 duoc 4p dung
dé tim 101 giai tdi wu vé loai, sé luong va
vi tri dat dao mdéi trén ludi sao cho tbi
thiéu héa luong dién ning khong duoc
cung cip ENS. Ta ¢ E 14 s6 nhanh va k 12
s6 loai dao (trong do c6 cac lua chon vé
dao thuong dong hodc thuong mé, tu
dong hodc bang tay). Nhu vay véi mdi
nhanh, mot qua trinh t6i wu phai lua chon
mot giai phap trong sé k giai phap. Khong
gian tim kiém 10i giai s& bao gom kE 15i
giai. Chinh vi vay, thuat toan di truyén
dugc 4p dung dé han ché b6t khong gian
tim kiém ma d6i khi qua 16n d6i voi cac
vong lap thong thuong. Tai mdi thé hé,
cac ca thé t6t nhat s& duoc di truyén ma
gien cho thé hé con chau tiép theo.

Mot c4 thé duoc md ta bdi mot nhiém séc
thé, 1a mot chudi ki tu nhi phan biéu dién
mot 101 gidi. M&i nhiém sic thé 1a mot
mang nhi phan. Mdi vi tri trong chudi
nhiém sic thé gidi thiéu mot nhanh va
dugc gan mot gia tri nam trong gidi han
[0,4], trong do cac gia tri nay gidi thi¢u
mot loai dao dugc st dung. Céc loai dao
tuong tng voi gia tri [0,4] dugc gidi thi€u
trong bang 1.

Ngoai gia thanh, sy khac biét gitra dao
phan doan bang tay va ty dong 1a thoi
gian chuyén tai cua dao ty dong nhanh
hon rat nhiéu. Do d6 cac dao tu dong khi
bd tri tai cac vi tri hop 1i trén ludi s€ cai
thién dang ké cac chi s6 do tin ciy cung
cap dién.
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Bang 1. Loai dao phan doan dwoc str dung

Giéa tri Ki Dong | Pac tinh Gia
gancho | hiéu dién thao tdc | thanh
nhanh cuc dai (t‘riéu
(hay (A) dong)
loai
dao)
0 Khéng | Khdng | Khoéng | Khoéng
cédao | codao | codao | c6dao
1 C400 | 400 Biang 28
tay
2 C630 | 630 Bing 50
tay
3 A400 400 | Twdong | 250
4 A630 | 630 | Tudong | 350

Céu triic cia mot nhiém sac thé dugc gisi
thi¢u trén hinh 1, Ny, 1a s6 nhanh cia ludi
dién c6 thé duoc dat dao phan doan. Mbi
vi tri trong s6 Ny vi tri ndy, nhu di trinh
bay & trén duoc gan ngau nhién céc gia tri
trong khoang [0,4] tuong Ung véi mot
trong sau loai dao dugc str dung.

012 3 .. N

m

Hinh 1. Nhiém s&c thé chira dwng thong tin
cho mét phwong thirc b6 tri dao phan doan

Céc budc cua thudt toan di truyén sau do
duoc thuc hién nhu sau:

Khéi tao quin thé diu tién: Quéin thé
dau tién dugc khoi tao mot cach ngﬁu
nhién gém 50 ca thé. Mdi ca thé duoc tao
ra tuong (mg véi mot phuong thirc bd tri
dao phan doan cua xuét tuyén. Mdi vi tri
trén nhiém sic thé (ca thé) s& duoc gan
mot loai dao phan doan hodc khong chtra
dao. Sau @6, ham muc tiéu sé duoc tinh
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toan voi tung phuong thic (hay tung ca
thé) ddng thoi cac rang budc ciing phai
duoc théa mén. Cac ca thé c6 loi nhat
duoc sap xép 1én cac vi tri dau tién;

Truwe giao: Sau khi xac dinh duoc cac ca
thé t6t nhét trong timg thé hé di truyén,
thao tac truc giao dugc thuc hién gitra cac
ca thé nay. Vi tri ngit nhidm sic thé dé
thuc hién truc giao dugc xac dinh mot
cach ngdu nhién, thao tac nay sé chia
nhiém sic thé gbc thanh hai phan. Tir do,
nhiém sic thé con duoc tao ra boi su ghép
ndi phan dau va phan sau cua cic nhiém
sic thé bé me. Nhu vdy sb luong cé thé
trong sau mdi thé hé duoc cap nhat thém
céc nhiém sic thé con;

Pot bién: phép dot bién duoc ap dung
nham lam ting tinh da dang ctia quéan thé.
Su dot bién dugce thuc hién trén nhiém sic
thé con sau khi truc giao. Néu mot nhanh
khong c6 dao phan doan nao thi thuat toan
s& d3t mot dao trén nd véi xac xuét 1a 0,1.
Nguoc lai, néu nhu trén nhanh d6 da co
dao phan doan rdi thi dao nay dugc thay
thé boi loai dao ré hon ciing voi xac suat
0,1.

Nhu vay, tai mdi thé hé, cac nhiém séc thé
duogc thuc hién truc giao, dot bién va tai
sip xép voi tri s6 ham muc tiéu tir nho
dén 16n. Céac vong lip cua thuat toan di
trUyén s€ duogc thuc hién cho to1 khi dat
s thé hé téi da (chon bang 100) hoic
thuat toan hoi tu. Khi d6 10i giai tdi uu
dugc chip nhan 1a ca thé dau tién cua
quan thé cudi cung. Luu dd giai thuat di
truyén cho t4i wu sir dung dao phan doan
dugc gidi thiéu trén hinh 2.
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DPoc dir liéu luoi
dién

v I

Tinh toan trao luu cong suat d€ kiém
tra dong diérj{ qua cac dao

Tao ra quan thé dau
tién

DPanh gid ham muc
tiéu

|
AV
Lua chon cac ca thé
tot nhat
v

| Truc giao |

| Pt bién |
- /d/ \

banh gia ham muc
tiéu

Sai

Do léch cua ham
muc tiéu < Sai s6

| Pung
Két thic

Hinh 2. Lwu dd thuat toan di truyén dé téi wu
str dung dao phan doan

3. KET QUA TiNH TOAN TOI WU SU
DUNG THIET Bl PHAN POAN CHO
XUAT TUYEN 482E4.3

Cac thong sb vé tan sudt su cb trén cac
nhénh va hién trang bd tri cac dao phan
doan trén xut tuyén 482E4.3 theo di liéu
nim 2016 dugc théng ké va tir d6 cho
phép tinh toan dugc cac chi s6 do tin cay
cung cap dién nhu sau:

e SAIDI= 71,94 gio;
e SAIFI= 12,86 lan;
e ENS = 248580 kWh.

Hién trang st dung cac dao phan doan
trén xudt tuyén 482E4.3 duoc gidi thiéu
trong bang 2.

Bang 2. Hién trang str dung dao phan doan
trén xuat tuyén 482E4.3 [6]

STT| Maihiéu Vi tri Dong | Gia
dao dinh | thanh
muc | (triéu
(A) | dong)

1 |482-7E4.3/1 |Nhanh 2 400 28

(nut 2 dén 3)

2 |482-7E4.3/21|Nhanh 4 400 28
(nut 3 dén 5)

3 |482-7E4.3/22|Nhanh 5 400 28
(nit 5 dén 6)

4 |482-7E4.3/4 |Nhénh 7 400 28

(nut 7 dén 8)

5 |Dao8 Nhanh N 400 28
(nit 8 dén 9)

6 |Dao9 Nhanh 9 400 28
(mat 9 deén
10)

7 |482-7E4.3/44 |Nhanh 14 400 28
(nat 13 dén
15)

CHUONG TRINH TINH TOAN TOI UU LUOI DIEN PHAN PHOI

‘Tac gia-Tran Tharh Son, Tran Anh Tung, Piaen Manh Har

Dang nhap Tinh toan luoi dien

™

s =

£
o

w e
- I‘q uu su dung ml,l bi phan doan |

R T = ]

Hinh 3. Médun chwong trinh tinh toan téi wu
str dung dao phan doan trén lwéi dién
phan phéi

S6 18



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC
(ISSN: 1859 — 4557)

Bang 3. Di¥ liéu vé tin suat sw c6 trén cac nhanh dwong day cua xuat tuyén 482E4.3 [6]

A N £ Thoi gian | Co dat thiét £ R x
| N6t | | o T s | it | Splrme | Cone
dau | cudi |y | (lan/nam) | TUN@binh -} hode phan hang (KVA)
(gio/mam) | doan khong
1 1 2 0,35 2 1 1 616 0
2 2 3 0,2 5 4 1 473 0
3 3 4 0,02 3 4 0 352 360
4 3 5| 0,26 5 8 1 831 0
5 5 6 0,2 4 8 1 585 0
6 6 7| 0,22 2 2 0 550 0
7 7 8 0,02 6 5 1 917 360
8 8 9| 0,16 5 4 1 286 288
9 9 10 0,1 7 6 1 757 360
10 6 11 0,2 5 7 0 754 0
11 11 12 0,23 3 8 0 380 288
12 11 13 0,3 2 3 0 568 0
13 13 14 0,18 7 7 0 529 567
14 13 15 0,1 4 7 1 529 0
15 15 16 0,3 6 2 0 531 360
16 16 17 0,47 3 1 0 779 360
Céc thong s6 vé tan suét su cd trén céac STT | Tunat | TéinGt | Loai dao st dung
nhanh theo dit liéu ndm 2016 va sb luong 2 2 3 0
khach hang dugc gidi thiéu trong bang 3. 3 3 4 A400
Vi chi phi cho cic loai dao phan doan ¢° 4 3 5 C630
dugc bao cédo trong bang 1, gid dién nang 5 5 6 0
trung ép tinh cho 1 kWh tham khao la 6 6 7 A630
2913 dong. Trén co s¢ do, két qua chay - . 3 0
toi vu st dung dao phan doan bang
A A- A 1 \ 8 8 9 A400
modun toi uvu dugc viet bang chuong trinh
MATLAB (hinh 3) dugc gi6i thiéu trong 9 9 10 0
bang 4. 10 6 11 0
Su cai thién cta cac chi sd do tin cady cung 1 1 12 A400
cap dién sau khi t6i wu sir dung dao phan 12 11 13 0
doan nhu sau: 13 13 14 C400
] ] 14 13 15 A400
Bang 4. Két qua toi wu str dung dao phan doan
trén xuét tuyén 482E4.3 15 15 16 0
STT | Tunat | Téinat | Loai dao st dung 16 16 17 C400
1 1 2 My cit e SAIDI = 30,76 gio;
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e SAIFI =6,06 lan;
e ENS =94095 kWh.

Nhu vay, ching ta thiy ring nho tinh
toan t6i wu st dung dao phan doan ma cac
chi s6 d6 tin ciy cung cdp dién di dugc
cai thién 5 rét. Cac chi s6 nay déu dugc
giam xubng hon hai lan. Dién ning thiéu
hut do mit dién tir 248580 kWh giam
xubng con 94094 kWh. Nhing sy cai
thién nay c6 y nghia 16n trong viéc nang
cao do tin cdy cung cip dién, mang lai
nhitng loi ich kinh té-xa hoi to 16n cho
khéch hang. So d6 bd tri cic dao phan
doan trudc va sau téi vu duoc gidi thi¢u
trén hinh 4.

4. KET LUAN

Thuat toan di truyén dé xuét dya trén viéc

Phuong an bd [
tri thiét bi s
phan doan cli
— 2 Lisiran
VITRU . o
J00KVA S5m0 g

T psE )

M- 3240
VITHANH 4 o2t
320KVA
viTHANH S 100 5 ARLTE32)
00ENA
w0 At
s T

VITHANH2 _ 84
J00EVA

VITHANH3 1 i |y
R0RVA Y f

VITHANH | 1 diom

13
G30KVA PAS2TES 344
175E4 3 dén
F482-TE4 3/1 MV
P
acY2 U7 o 16 owm s
H00KVA _ )
- RANH GIOI VINH YEN-YEN LAC
Lacyl 482-7E4 3/48 RG
J00KVA
YEN'LAC
4TIES 6

t6i thiéu hoa ham muc tiéu gébm luong
dién nang thiéu hyut do mat dién va chi phi
cho céc loai dao phan doan dé tim ra 15i
giai toi wu. Két qua da cho thiy thuit toan
su dung nhiéu hon cac dao phan doan tu
dong dé co thé cai thién cac chi sd do tin
cdy cung cip dién. Cac chi sb sau khi tdi
vu cua xuit tuyén 482E4.3 cua dién lyuc
Vinh Phiic 1an luot 1a SAIDI = 30,76 gio,
SAIFI = 6,06 lan, luong dién nadng thiéu
hut do mat dién ENS = 94095 kWh. Su
cai thién nay co6 y nghia 16n trong viéc
nang cao do tin cdy cung cép dién. Bén
canh d6, xdy dung duoc modun phin
mém c6 thé dugc Gng dung vao nghién
ctru va giang day tai Khoa K¥ thuat dién -
Truong Dai hoc Dién lyec.
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Hinh 4. B tri dao phan doan trén xuét tuyén 482E4.3: trwéc t6i wu (bén trai); sau t6i wu (bén phai)
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