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TiNH TOAN LAP DAT TOJ UU DAO CACH LY PHAN POAN TREN LUGI BIEN
PHAN PHOI BANG PHUONG PHAP QUY HOACH PONG

OPTIMIZATION OF THE INSTALLING SECTIONALIZING SWITCHES IN DISTRIBUTION
NETWORKS BASED ON DYNAMIC PROGRAMMING

Tran Tan Vinh
Truwong Cao dang Cong nghé Thong tin, Pai hoc Pa Nang; trantanvinh@hotmail.com

Toém tat - Mot trong nhivng gidi phap nang cao dé tin cay cung cap
dién cta lwdi dién phan phéi la 1&p dat dao cach ly phan doan trén
cac nhanh cia ludi dién. Nho giam pham vi va thoi gian mat dién
khi co 1ap s cb nén sé giam dwoc thiét hai hdng ndm do mét dién.
Tuy nhién can phal d4u tw kinh phi d& 14p d&t va van hanh bao
dwdng. Vivay, can phai tinh toan tim phuwong an tdi wu 1&p d&t cac
thiét bi phan doan. Trong bai bao nay, trinh bay viéc giai bai toan
tbi wu hoa viéc 1&p dat dao cach ly phan doan trén lwéi dién phan
phéi hinh tia béng phuong phap quy hoach déng. Bai toan toi wu
dwoc chia thanh nhidu bwéc tinh, cac didu khién ti wu & tirng
bwéc tim dwoc dwa vao phwong trinh truy toan quy hoach déng
Bellman. Trén co s& thuat toan va chwong trinh dwoc xay dwng,
bai bao trinh bay vi du ap dung d& minh hoa cho phwong phéap.

T khéa - lwdi phan phdi; dao cach ly phan doan; do tin cay; téi
wu héa; ham muc tiéu; phwong phap quy hoach déng.

1. Pit van dé

Cung véi sy tang truong cua nhu cau phu tai su dung
dién, ludi dién phan phdi (LPP) ngay cang phat trién rong
Ion va phirc tap. M6t trong nhiing glal phap dé nang cao do
tin cay cung cap dién cho phu tai la lap dat cac thiét bi phan
doan trén ludi phan phdi nham han ché viéc mat dién coa
cac phu tai trong qua trinh c6 1ap su cé dé sua chira. Viéc
lip dat cac dao cach ly phan doan (CLPP) sé giam duoc
thiét hai do mat dién, nhung nguoc lai can phai bo ra chi
phi dau tu va bao quan van hanh. Vi viy, van dé dat ra la
can phai lya chon phuong an Ip dat cac dao cach ly phan
doan trén LPP nhu thé nao cho tdi wu, trén co s hai hoa
giira chi phi va khoan tién tiét kiém duoc. Néu s6 nhanh
cua LPP 16n, s& ¢6 sb luong 16n cac t6 hop cac nhanh can
duoc xem xét lap dat CLPD, dan dén khédi lwong tinh toan
I6n, thoi gian tinh toan lau. Vi vay, trong bai bao s& dé xuat
bang cach chia bai toan thanh nhiéu bai toan con don gian
hon, nghia la bién qua trinh t6i wu toan cuc thanh qua trinh
t61 wu nhidu budc.

2. Bai toan ti wu hoa lip dit CLPD trén LPP

Xét ludi dién phan phéi dang hinh tia, diu xuét tuyén
thuong co dat cac may cét dién. Néu dat cac CLPD s& giam
thiét hai mét dién trung binh hang nam vi ¢ thé thao tac
CLPD dé han ché pham vi mit dién khi stra chira sy ¢6 cac
phan tir trén ludi [1, 3, 5].

Tuy nhién, khi d6 can phai dau tu vén dé lap dit ciing
nhu van hanh bao quan. Viéc lip dat thém mot CLPD chi
co loi khi sb tién tiét kiem dwoc trung binh hing nam do
nang cao do tin cay phai 16n hon chi phi trung binh hing
nam cho dau tu va van hanh bao quan. Bé so sanh cac
phwong an tim phuong an tdi wu, ham muc tiéu la chi phi
tinh toan hing nam [2, 6]:
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f= (avh+atc) K+Hmg (1)

Trong d6: aw la hé s6 van hanh bao quan thiét bj,
thuong lay bang 8-10%:; a,. =1/Ti Vi Ty la thoi gian thu
hoi vén dau tu chénh 1éch, thuong lay bang 8-10 nam; K la
vbn dau tur thém CLPD; Hug la thiét hai mat dién hiang nam
do su ¢6 cac phan tur trén ludi dién [1, 2]:

Himd = Cmd X Amd 2)

A 12 Tuong dién nang bi mit (khdng cung cip duoc)
hing nim do su ¢b (KWh); va Cma la don gia dién ning do
mét dién (d/kWh).

Vi véy, bai toan téi wu lap dat cac CLPD trén LPP la
xac dinh s6 lugng va vi tri lap dat cac CLPD trén cac nhanh
cua LPP sao cho cuc tiéu ham muc tiéu chi phi tinh toan
trung binh hing nam.

3. Thuat toan tbi wu hoa viéc lip dit CLPP trén LPP
bang phwong phap quy hoach déng

Gia str co N thiét bi phan doan duoc tinh toan dé lap dat
vao N nhanh cta LPP, thi s& ¢ (2M-1) t hop cac nhanh ¢o
the lp dat. Khi ludi dién co sb nhanh 16n, cac t hop nhanh
can xem xét s& nhiéu, dan dén thoi glan tinh toan lau. bé
giai bai toan ti wu trén, trong bai bao nay dé xuat phuorng
phap quy hoach dong (QHD), s¢ dugc trinh bay chi tiét o
cac phan sau.

3.1. Phwong phap quy hoach déng

Phuong phap quy hoach dong dua trén nguyén ly tdi
vu Bellman “Dang diéu t6i uu co tinh chat la du diéu
khién ban diu cé dang thé nao, thi diéu khién tiép theo
theo ciing phai la t6i uru trong trang thai thu dwgc cua diéu
khién ban dau”, nghia la “Mot chién lugc ti wu chi gom
cac sach lugc téi wu”. Day la mot trong nhirng phuong
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phap t6i wu hoa hién dai va manh mé, dugc (ing dung dé
giai nhirng bai toan t6i wu nhiéu budc hodc nhiéu giai
doan [2, 4].

Gia st co N dao cach ly phan doan can phai duoc bé tri
ldp dat trén n nhanh cua ludi dién phan phoi hinh tia. Viéc
giai bai toan t6i wu theo phuong phap Quy hoach dong
dwoc trinh bay téng quat nhu Hinh 1.

21 fu(l)
ERTTE

t I £ ()

Li(w) l’,, n fi(n) eeeee

K=0 K=I

Hinh 1. So do tinh todn theo phuong phap QHP

Chia bai toan gom N budc tinh, mdi bugc tinh thir K
twong trng voi K dao cach ly phan doan (K =1, I1,..,N). O
mdi budc tinh K c6 mot tap hop cac nhanh duoc lua chon,
ky hiéu la Xk = {X1, X2,..,Xj,...Xn} trong do X; la cac nhanh
(iI=1:n).

Goi V(Xi,k-1; Xj,k) 1a hiéu qua kinh té (tiét kiém chi phi)
khi lién két mot nhanh x; (& budc K-1) vai nhanh x; (6 budc
K); nghia la dat thém so voi budc tinh truéc mot CLPD &
nhanh x;. Vi du nhu trén Hinh 1 thi vz, 1a khoan tiét kiém
chi phi khi dat thém mot CLPD o nhanh 1 khi & budc truoc
da co mot CLPD dat ¢ nhanh 2.

Cudi méi budc tinh K, mdi nhanh x; trong tap X« s&
dugc gan cac gia tri fK(XJ) la chi phi tinh toan hang nam cyc
tiéu (ing voi phuorng an Iap dat t6i wu cac CLPD khi co K
dao cach ly va trong do c6 mot dao dwoc dat ¢ nhanh x;.
Gia trj t6i uu nay duoc tinh theo phuong trinh quy hoach
dong Bellman:

fic (%) :)?}Lir_‘l{fK—l(XK—l)+VK(XK—1vXj) { 3)

O médi buac tinh K, gia tri cuc tiéu cha ham muyc tiéu
(ky hiéu la fi) la chi phi toi wu khi phén bo K dao céoh ly
phan doan trén n nhanh cua xuat tuyen lugi phan phoi:

fic=min {fic () | @)

3.2. Thugdt toan Quy hogch déng gidi bai toan téi wu lip
dat dao cach ly phén doan trén LPP

Dir liéu ban diu cua bai toan bao gdbm: CAu trac ludi, vi
tri dat MCD, cac thong sb do tin cay ciia LPP nhu cuong
d6 sy ¢, thoi gian thao tac dbi ndi, thoi gian sira chira trung
binh cua cac phan tur; cac s liéu lién quan dén tinh kinh té
nhu chi phi lip dat, van hanh CLPD, gia thiét hai mit dién,
thoi gian thu hdi vén dau tu,...

Viéc giai bai toan theo phuong phap Quy hoach dong
duoc thyc hién gom hai qua trinh [2]:

Quad trinh ngwec: nham chuan bi thong tin v& t6i vu
cho bai toan khi xét tir bugc dau tién (chi co 1 dao cach ly
phan doan) cho dén budc cudi cung (khi c6 n CLPD).
Phuong trinh quy hoach dong Bellman co dang téng quat
nhu biéu thirc (3).

Buoc tinh dau tién (K=0): Khoi dong bai toan voi
truong hop chua lép dat dao cach ly phan doan, lic nay gia
tri ham muc tiéu la:

fo =(ayntage) K+Hmgo =Hmao 5)

Trong d6 Huao 12 thiét hai mat dién khi chua dat CLPD
nao trén LPP.

Bueoc tinh |2 Xét trudong hop chi co mot CLPD, can
tinh toan sé& lap vao nhanh nao cho t6i wu. Lan luot tinh
cho cac trudng hop chuyén tir trang thai ban dau dén cac
nhanh x; (j =1 : n) trong tap X, cac nhanh. Cudi budc tinh
nay ta co cac két qua gia tri min cia ham muc tiéu fi(x;)
gan cho tung nat j; va chi phi cyc tiéu khi lip dat mot
CLPD trén LPP s¢ la:

f|— mln { |(XJ)} (6)
Xjex

Buoc tinh 11: Xét truc‘mg hop cp 2 CLPD duoc xem xét
dat o cac nhanh nao trén LPP @€ t6i vu ham muc tiéu.

Gia thiét CLPD lap dat thém vao nhanh s6 2 (ky hiéu
nhanh Xz,1). Lién két nhanh nay vai cac nhanh trong tap
X o budc |, ngoai tra nhanh $0 2. Moi mot lién két twong
ung vai mot t6 hgp 2 nhanh lap dat CLPD. Tinh toan cac
gia tri cua ham muc tiéu cho cac phuong an nay va so
sanh chung dé tim gia tri cuc tiéu fu(2). Tuong tu, tinh
cho tat ca cac nhanh x; cua tap Xy, Nhu vay, cudi budc
tinh nay co dugc cac gia tri cuc tieu fi(x;). So sanh cac
gia tri nay tim dwoc cuc tiéu, la chi phi téi vu khi dat 2
CLPD vao n nhanh cua LPP:

fip= min o f (X
1 XjeX||{ n( J)} 7)

Cudi budc nay, chi luu lai cac két qua fu va fu(x), ciing

nhu cac phuong an ket noi Cac nhanh de phuc vu cho viéc

.....

.....

co diéu Iglcn kh1 di tir budc dau tién (c6 1 CLPD) cho dén
budc cudi cung (co N CLPD).

Qua trinh thudn: La qua trinh di tim loi giai cua bai
toan toi uu toan cuc. Dya vao chi phi tinh toan hing ndm
cuc tieu (cuc tieu ham muc tiéu) o buoc tinh cuoi cung, o
day la fy, ta tim phuong an toi wu bo tri CLPD nhu sau:

Gia st fy dwoc gan cho nhanh xs & cudi budc tinh N;
ta tim lai nhanh & budc trude (N-1) ma nhanh xs nay lién
két, gia su la nhanh X,(x-1). Nhu vay ngoai nhanh x; CLPD
s¢ dugc dat thém o nhanh x;. Ctr thé, tiep tuc truy hoi ve lai
b,u(')c dau tién, sé tim duoc tap hop toi uu cac nhanh duoc
lap dat CLPD (xem Hinh 1).

Trong truong hop chi phi cuc tiéu & bude sau (budc L)
I6n hon chi phi cyc tiéu o bude trudc (L-1) thi qua trinh
tinh toan sé dung lai & budc (L-1), nghia la s6 lugng t6i uu
cua CLPD chi la (L-1).

So d6 thuat toan quy hoach dong duoc trinh bay nhu
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hinh sau:

Doc dit lidu céu triic, chi tigu do
tin cay ctia LPP; Gia lap dat
TBPD, gia di¢n ning....

|

Tinh ham muyc tiéu khi

chua diat TBPP
fo = Cna-Ama

k < s6 nhanh?

Tinh fx(x;) cho cac nhanh x; trong tap hop
céac nhanh Xk & bude tinh K
fr(xp = ‘?llm { fro 1 Xk )+ Ve Xg1.%j) }

AK-1

Tim fx = m'mifK (x;) }
XK

I

Luu két qua bude K

S
B
Tim phuong dn
K=K+1 Giwn  —

Hinh 2. So d6 thudt todn quy hoach déng
3.3. Thi¢t hai mdt di¢n va higu qua kinh té

a. Thiét hai mt dién

Thiét hai mét dién Hna trong ham muc tiéu (1) cia bai
toan t6i wu dugc tinh trén co so tinh toan d¢ tin cay cua
lugi dién phan phoi. Khi xét den thao tac cac dao cach ly
phan doan sau khi may cat dau xuat tuyen da cat do su ¢o
trén cac phan tu cua lugi dign, co thé su dung phuong
phap trang thai dé tinh toan cac chi tiéu do tin cay cua
ludi dién. Trong bai bao nay st dung chuong trinh Matlab
dugc trinh bay trong [5]. Thiét hai mat dién dugc tinh theo
biéu thirc (2).

b. Higu qua kinh té

Hiéu qua kinh té ting thém la khoan tiét kiém chi phi
khi lién két nhanh x; (¢ budc K-1) voi nhanh x; (6 budc K),
duoc ky hiéu la vk(Xik-1;Xjk) tinh nhu sau:

O cubi budc tinh K-1, gié st nhanh x; duoc gan gia tri
t6i wu fi-1(Xi), tuong ing voi phuong an ldp dat cac DCL
duoc xac dinh bang du’ong di téi wu tr nhanh x; nay vé cac
budc truagc. Voi phuong an lip dat nay, tinh duoc lwong

dién nang bi ngimg cung cap dién trung binh hing nam la
Ana(K-1).
Néu Iap thém dao cach ly thir K vao nhanh x; thi lugng
dién ning bi ngung cung cap la Ama(K).
Thiét hai mit dién s& giam di mot luong:
AHpg =[Amg (K) = Amg (K=D]xcppg 8)
Vi dat thém mét CLPD (co gia lip dat 1a Ko) nén chi
phi tinh toan lap dat va van hanh tang thém mdt lugng:
AC = (ayntae) Ko ©)
Vi vay hiéu qua kinh té s& dugc tinh:
Vi (Xj k—1:Xj,k) =AC+AH g (10)
4. Tinh toan ap dung

Duya vao so dd thuat toan, tac gia da xay dung chuong
trinh tinh toan trén nén Matlab; duoc tng dung dé tinh toan
t6i wu hoa ldp dat CLPD trén LPP dang hinh tia bét ky. Dé
minh hoa cho thuat toan, xét LPP hinh tia don gian nhu
Hinh 3 va s liéu cho ¢ Bang 1 va Bang 2.

Hinh 3. So do ludi dién phan phéi dang hinh tia
Bdng 1. S6 liéu nhdnh LPP

Nhénh 1 2 3 4 5 6 7
Nut dau 0 1 2 3 2 3 7
Nut cudi 1 2 3 4 6 7 8

Chidudai(km) | 25 | 28 | 30| 21| 15 | 1,4 | 1,2

Bdng 2. S6 liéu phu tai tai cdc nit
Nut 1 2 3 4 5 6 7 8

P(kw) | 0 | 1.260 [ 900 | 800 | 700 | 500 | 500 | 400

Cuong d6 su cb cua cac nhanh duong day: L = 0,2
[1/km.ndm]; Thoi gian thao tac ddi ndi cac CLPD: Ts=0,5
h; Thoi gian stra chira sy ¢ trung binh: Ty = =2h; Gia thiét
bi phan doan: Ko =15.10° d; Thoi gian thu hoi von: T = 8
nam; Hé so6 van hanh bao quan: ay, =0,1; Gia thiét hai mat
dién: cma = 1.800 d&/kWh.

4.1. Két qud tinh toan

Buoc K=0 (khoi dong bai toan):

Khi chua c6 CLPD, thiét hai mat dién la fo = Huao =
66,033. 1084

Buoc K=I:

Xeét truong hop chi c6 mot CLPD dugc xem xét dat &
cac nhanh tir 2 dén 7. Gia sw PBPD dat tai nhanh 2 so tien
tiet kiém duoc ve thiét hai mat di¢n la 13.305.600d; trong
khi chi phi tinh toan ve von lap dat va van hanh tang thém
3.375.000d; Hiéu qua kinh té v = - 9.930.600 d. Ham muc
tieu f, (2) = fo + v = 56,10.10° d. Két qua tinh ¢ budc tinh
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K = I dugc trinh bay trong Bang 3:
Bang 3. Két qud tinh todn budc tinh K = |

Loi nhuan Ham muyc tiéu  |Phuong an dat
Nhanh x; Vi fi(x;) CLPD ¢ cubi
(108 dong) (106 ddng) buaoc |
2 -9,931 56,102 2
3 -9,697 56,336 3
4 -3,217 62,816 4
5 -1,550 64,483 5
6 4,413 61,620 6
7 -0,651 65,382 7
Phuong an t5i uu fi = 56,102 2

Buoc K=II:

Xeét truong hop co 2 CLPD, can phai dit CLPD th hai
nay o d4u khi da co 1 CLPD da lap dit trén luoi? Gia sit CLPD
nay duoc xem xét dit o nhanh 2 ching han. Lién két nhanh 2
voi cac nhanh & budc | (trir nhanh 2), tinh toan hiéu qua kinh
t& cua cac phuong an lién két va tim gia tri ham muc tiéu nho
nhat cho nhanh 2, f,(2) = 52,868.10° d. Twong t tinh cho tat

ca cac nhanh, co duoc két qua buoc tinh IT nhu Bang 4:

Bdng 4. Két qud tinh todn buoc |

‘Lién kétA, Loi nhuan Ham muc tiéu Phuong an
i i [ 0 | 0 gL
% bue | (108 d6ng) (108 @ong) cuoi buoc Il

2 3 -3,468 52,868 2,3

3 6 -9,697 51,923 3,6

4 2 -0,556 55,546 4,2

5 2 -1,549 54,553 5,2

6 3 -4,413 51,923 6,3

7 3 -0,652 55,684 7,3

Phuong an t6i uvu fu=51,923 3,6

Tuong ty, tinh cho budc tiép theo. Bén cudi budc tinh
IV két qua nhu Bang 5:
Bang 5. Két qud tinh todn budc K = IV

Lién két ,

- Loinhuan | Ham muctieu | Phuongan

i | N | ) | g (4ACLEDS

" tnh i | (20° dong) (108 déng) v

2 5 0,373 50,200 2,3,5,6
3 4 -0,513 53,483 2,3,4,5
4 5 +2,166 52,539 3,4,5,6
5 6 -1,550 50,200 2,3,5,6
6 3 -1,118 50,200 2,3,5,6
7 3 +0,869 52,187 2,3,5,7
Phuong an t6i uu fiv = 50,200 2,3,5,6

Tinh toan dung lai ¢ budc 1V vi gia tri nho nhét cia
ham muyc tiéu o budc V la 52,366.10° d lon hon fiv; nghia
la viéc dat thém PBPD thir ndim vao LPP khong con c¢o lgi
nira, tién tiét kiém do ting thém do tin cay khdng bu lai
duoc chi phi lap dat van hanh CLPD.

Vay phuong 4n ti uu 13 sir dung 4 CLPD lip vao dau
cac nhanh duong day {2, 3, 5, 6}. Puong di t6i uu cta cac
budce tinh nhu Hinh 4.

fy=60.10° \
|
'

K=0 K=11

K=1

K=1
Hinh 4. So do cdc buoc tinh t6i wu héa
4.2. Nhgn xet

Gia tri t6i vu cua ham muc tiéu la 50,20.106 d, giam
dugc 12,83.10° d so vai truong hgp khong dit CLPD.

O budc tinh 11, khi lién két nhanh 7 véi nhanh 2 ¢ budc
tinh trudc, gia tri nho nhat cua ham muc tiéu I6n hon ham
muc tiéu toi wu ¢ bude trusce (fin(7) > fu(2)). Vi vay, quyet
dinh di tir nhanh 7 dén nhanh 2 khong phai la mét quyet
dinh toi uu, nén khong thé nam trong day quyet dinh toi uu.
Vi vay, o the khong can xem xét nhanh 7 cho nhiing buoc
tiep theo, tap hop cac nhanh Iya chon Xk dé xem xet s
giam bét kich thudc va nhu vay sé giam duoc khoi luwong
tinh toan.

Néu co SQ lugng CLPD la K nho hon s6 lugng tbi uu
N, ta co the dé dang tim dugc phuong an toi uu dya vao ket
qua buoc tinh buoc K. Vi du, néu chi ¢c6 2 CLPD, thi
phuong an toi wu la dat vao hai nhanh 3 va 6.

5. Két ludn

Phuong phap quy hoach dong phu hop dé giai bai
toan tbi wu hoa sb lugng va vi tri lép dat trén ludi dién
phan phéi. Phuong trinh Bellman 1a co s dé tim cac diéu
khién t&i wu trong cac budc tinh toan.

Ung dung phuong phap quy hoach dong cho phép
tinh todn nhanh chéng phwong an t6i wu bd tri cac dao
cach ly trén ludi dién phan phdi dé nang cao d¢ tin cdy
cung cap dién cho cac phy tai. Phuong phap nay cang to
ra hiéu qua khi tmg dung trong hé thong dién phéan phdi
hién nay c6 s6 nhanh 16n. Pham vi nghién ctru trong bai
bao chi méi dimg lai ¢ ludi phan phdi dang hinh tia. Tuy
nhién, c6 thé phat trién dé ing dung tinh toan trong ludi
dién mach vong — van hanh ho.

Qua thuét toan va chuong trinh Matlab da xay dung,
¢6 thé ing dung dé tinh toan thiét ké quy hoach Iuéi dién
phan phdi trong thyc té, tim ra phuong an lip dat cac
tl}iét bi phan doan dat dwoc muc tiéu tdi wu v& mit kinh
te.
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